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PREFACE

Dominant exudative vitreoretinopathy (DEVR) is an eye disease which has
only recently received wider attention. In 1969 Criswick and Schepens used
the designation “‘familial exudative vitreoretinopathy” to describe a syndrome
they observed in six patients belonging to two families. The condition was
characterized by several symptoms involving the vitreous and retina, e.g.
“posterior vitreous detachment, organized vitreous membranes, heterotopia
of the macula, retinal neovascularizations, subretinal and intraretinal exudates,
and localized retinal detachment”. The clinical features impressed the authors
as strongly reminiscent of retrolental fibroplasia, but none of the patients had
a record of premature birth or postnatal oxygen administration.

In 1971 Gow and Oliver described the same syndrome in several members
of one family. They considered their findings to be compatible with auto-
somal dominant transmission. Canny and Oliver (1976) were the first to de-
monstrate the fluorescein-angiographic changes of DEVR in four members of
the abovementioned family. The most striking finding was “abrupt cessation
of the capillary network in a scaloped edge near the equator’. Fluorescein
was seen to leak from the retinal vessels localized in this marginal zone, and in
some eyes from massive fibrovascular lesions as well. Similar fluorescein-
angiographic changes have been described in recent years in other reports on
families with DEVR (Nijhuis et al., 1979; Slusher and Hutton, 1979;
Dudgeon, 1979; Ober et al., 1980; Laqua, 1980).

In 1979 I commenced a clinical study of this still little-known condition at
the Nijmegen University Institute of Ophthalmology (The Netherlands). This
venture was prompted by the fact that two families with DEVR had been
known for some time at this institute. The study led to identification of the
disease in seven more families. The findings obtained in this total of nine
families are presented and discussed in this thesis.

Part I briefly reviews the normal development and anatomy of the retinal
vasculature, more specifically in the peripheral fundus.

Part II discusses the pathology of (peripheral) retinal vascular development.
In addition to DEVR there are other eye diseases or general syndromes in
which fundus changes are based on disturbed development of the peripheral
retinal vasculature, or in which such a pathogenesis is considered not to be
improbable. Moreover, other conditions whose primary lesions are not based
on disturbed vascular development can be incidentally associated with symp-
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toms suggestive of a disorder in the vasculogenesis of the peripheral retina.
The selection of the conditions discussed in part II is based partly on a study
of the literature and partly on personal observations, some of which have
been presented in previous publications.

Apart from DEVR|, I have not attempted to discuss all the features of the
various other diseases but always accentuated the aspect of disturbed retinal
vascular development.

Both the literature and the histories of our patients show that DEVR very
frequently causes diagnostic confusion. This is why I have given ample atten-
tion to differential diagnosis. With regard to diseases in which retinal vascular
developmental disorders play a role, the differential diagnosis is discussed in
part II. For other diseases this is done in part III.

C.E. VAN NOUHUYS

Afdeling Oogheelkunde
Canisius-Wilhelmina Ziekenhuis
St.Annastraat 289

6500 GS Nijmegen

The Netherlands
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PART I

THE NORMAL VASCULATURE OF THE PERIPHERAL RETINA



CHAPTER 1

DEVELOPMENT AND ANATOMY OF THE NORMAL
VASCULATURE OF THE PERIPHERAL RETINA

Developmental disorders of the retinal vasculature can be studied only in re-
lation to the normal embryonic vascular development. Structural changes in
the vasculature of the peripheral retina can be identified only by differen-
tiating them from the normal vascular pattern.

This is why this chapter discusses some aspects of the normal embryology
and anatomy of the retinal vasculature which may be of importance for this
study.

1.1 Definitions of anatomical boundaries

To indicate regions and their boundaries in the fundus, I use the system de-
scribed by Rutnin (1967).

The fundus is divided into a posterior and a peripheral fundus, the bound-
ary between these two being formed by an imaginary circle through the pos-
terior extremities of the vortex veins. These demarcations are as a rule readily
distinguishable at ophthalmoscopy.

The peripheral fundus is divided into an equatorial region and an ora serrata
region, The former is bisected by the equator, which takes its course slightly
peripheral to the ampullae of the vortex veins. The boundary between the
equatorial and the ora serrata region is formed by the midline between the
equator and the ora serrata.

For a more detailed account of this division of the normal ocular fundus, I
refer to Rutnin (1967).

1.2 Development and regression of the hyaloid vessels and the primary
vitreous

Very early in the course of embryonic development, shortly after invagina-
tion of the optic vesicle, mesodermal tissue enters the newly formed optic
cup along with the primitive hyaloid artery, via the foetal fissure. In the fib-
rillar tissue localized between the lens vesicle and the inner layer of the optic
cup, blood vessels arise from the hyaloid artery to form the foetal intraocular
blood system. This consists of a network of vessels on the posterior surface of



4

the lens, the tunica vasculose lentis, and the ramifications localized more
posteriorly in the primary vitreous: the hyaloid vasa propria. On the posterior
side of the lens the two vascular systems anastomose and, anteriorly along the
equator of the lens, form anastomoses with vessels of mesenchymal tissue
outside the optic cup. The latter anastomoses develop to capsulopupillary ves-
sels which are to drain the blood from the vessels of the hyaloid system to
the annular vessel near the anterior rim of the optic cup. This drainage is
necessary because the hyaloid artery is not accompanied by a venous system.

The hyaloid vasa propria attain their maximal development at about the
40 mm stage (10th week), and in this period extend throughout the optic cup,
but without direct contact with the retinal surface (Mann, 1964). In this
phase the neuroretina seems to depend mainly on diffusion from the outer
ramifications of the hyaloid viasa propria. The network of delicate fibrillar
structures which fills the optic cup and encompasses the hyaloid vessels is
known as primary vitreous. These delicate fibrils in the foetal eye are found,
at light-microscopic examination, to show connections with the superficial
ectoderm of the lens vesicle, the neuroectoderm of the inner layer of the op-
tic cup, and the mesenchymal tissue surrounding the hyaloid artery, respect-
ively. This observation suggests that the primary vitreous is a joint product of
these three structures (Mann, 1964).

The retrogression of the foetal hyaloid system begins at about the 50 mm
stage with gradual atrophy of the proximal segment of the hyaloid vasa prop-
ria, which lose their connection with the hyaloid artery close to the point of
ramification. Regression of the tunica vasculosa lentis and the hyaloid artery
follows later in the course of development, but remnants of these vessels as a
rule persist until the final months of intrauterine development, and some-
times even until after birth.

Hyaloid remnants are therefore often found in premature neonates (Jones,
1963), and the same applies to remnants of the anterior portion of the tunica
vasculosa lentis (Gans, 1959).

1.3 Development of the choroid of the peripheral fundus

According to Heimann (1972), the pigmented epithelium in the human em-
bryo is covered at the end of the second month by a dense capillary network:
the primitive choriocapillaris. This network comprises meridionally arranged
capillaries which, in the course of further foetal development, gradually move
towards the surface of the choroid and thus allow the underlying network of
the definitive choriocapillaris to close. This is a gradual process, from the pos-
terior parts of the choroid in anterior direction, and in fact the definitive
choriocapillaris near the posterior portion of the ciliary body does not develop
until the final months of intrauterine development.

The primordial layer of large vessels which ultimately becomes Haller’s



5

layer, develops mainly in the 4th month. Sattler’s layer, which is made up of
smaller vessels and localized between Haller’s layer and the choriocapillaris,
develops somewhat later, approximately during the 5th month (Heimann,
1972). It is not until very late in the course of development (between the 6th
and the 10th month) that the recurrent ciliary arteries develop; they usually
arise from the major arterial circle of the iris and grow in posterior direction
to be ultimately connected with previously established parts of the choroid.
Some authors believe that these vessels also form direct arterial anastomoses
with the posterior choroidal arteries (Wybar, 1954; Ring and Fujino, 1967;
Krey, 1981), but others have been unable to identify such anastomoses
(Heimann, 1972).

1.4 Development of the retinal vasculature

According to Versari (1904), the development of the retinal vasculature be-
gins at the 70 mm stage with the formation of vascular buds from the hyaloid
artery at the site of the papilla. At the 100 mm stage (4th month), small ves-
sels are visible which are in connection with the hyaloid artery and form deli-
cate ramifications entering the nerve fibre layer of the retina near the papilla.
These vessels constitute the primordium of the arterial ramifications of the
future central retinal artery. Ashton (1954, 1957) maintained that this in-
growth of retinal vessels occurs, not through a process of budding from the
hyaloid artery but by preliminary invasion of primitive mesenchymal cells.

Figure la. Cross-section through the neuroretina of a 7-month foetus posterior to the
equator. Small blood vessels are present in the nerve fibre layer (PAS, X 50).
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As these advance into the retina, they gradually differentiate into endothelial
cells and form a capillary network from which the adult retinal vessels evolve.

A network of primitive capillaries grows centrifugally from the papilla into
the nerve fibre layer of the retina, and the outer zone of advancing capillaries
is surrounded by the abovementioned mesenchymal cells (Figure 1a).

In histological specimens, PAS-positive granules can be found in associa-
tion with this outer zone of growing vessels and the surrounding mesenchymal
cells (Figure 1b). Serpell (1954) identified these granules histochemically as
glycogen. Another histochemical property was demonstrated by Nilausen
(1958): the presence of the enzyme alkaline phosphatase in association with
the mesenchymal cell formation at the periphery of the advancing vascular
system, the endothelium of the peripheral capillaries and the cells scattered
between the vessels. These findings are consistent with Ashton’s hypothesis
that the mesenchymal cells in question are precursors of the endothelial cells
of the immature, newly formed capillaries.

In man, solid cords are first formed. crevices form between these cords and
a polygonal network develops as the cords become canalized to capillaries (De
Oliveira, 1968; Ashton, 1970). Blood cells appear in the newly formed capil-
laries at an early stage. This primitive network of small retinal vessels is gradu-
ally subject to substantial changes, and finally attains the adult configuration
of blood vessels.

Figure 1b. The same section as in Figure 1a, at higher magnification. Several nuclei of
mesenchymal cells are localized in the nerve fibre layer in the zone of growing vessels,
along with a large number of PAS-positive granules (X 110)
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Retraction of many newly formed capillaries is an important component
of this transformation. This regression and disappearance of elements of the
immature vascular system is not specific for the retina but a well-known
phenomenon of vasculogenesis in numerous tissues (Clark, 1918; Wolff et al.,
1975).

In particular the trypsin digest technique, which makes it possible to study
the retinal vasculature in flat specimens after enzymatic removal of the other
retinal structures (Kuwabara and Cogan, 1960), has contributed substantially
to our knowledge of the foetal development of the vascular system. The re-
traction of immature capillaries was readily demonstrable by this technique
(Cogan, 1963; Ashton, 1970).

Studies of the development of the retinal vasculature in cats and rats, in
which most of the retina is not vascularized until after birth, have demon-
strated a similar phenomenon of retraction and disappearance of parts of the
immature vasculature (Engerman and Meyer, 1965; Lemmingson, 1966;
Henkind and De Oliveira, 1967). Some adjacent vessels are separated by
strands of tissue which Kuwabara and Cogan (1960) described as intercapil-
lary bridges; these are probably remnants of degenerated primitive vessels
(Engerman and Meyer, 1965). However, the latter authors hold that, at least
in the rat retina, capillaries also disappear without leaving such intercapillary
bridges.

Whereas some parts of the newly formed vascular bed degenerate and dis-
appear, other vessels increase in luminal width and are tranformed into
vascular branches which come to play a role in the supply or drainage of
blood to and from various more peripheral capillaries. The mechanism under-
lying this transformation of some primitive capillaries into venules and
arterioles is obscure, but it seems likely that this process is determined by
haemodynamic as well as by biochemical factors.

It is certain that arterial and venous vessels develop from primitive capil-
laries (Shakib et al., 1968), and that the previous theory that retinal capil-
laries develop from veins (Michaelson, 1948) is wrong.

The more mature parts of the vascular bed are characterized in this way
by the formation of blood vessels which differ in function and in luminal
width. The capillary network, too, becomes less dense and assumes a less
uniform appearance. The most striking changes occur in the capillary net-
work in the immediate vicinity of vessels which have been transformed into
arterioles. On either side of these arterial vessels, zones develop in which
capillaries disappear. These capillary-free zones are not primarily present, as
used to be assumed, but develop due to retraction of capillaries and reduced
lateral budding from arterial vessels (Engerman and Meyer, 1965).

The primordium of.the capillary network initially forms in the layer of
nerve fibres and ganglion cells, from which blood vessels subsequently invade
deeper layers of the retina to form a second plexus of capillaries in the inner
nuclear layer. Studying rats, Engerman and Meyer (1965) observed degenera-
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tion of many capillaries in the inner layer of the blood vessels during the
development of the outer layer of capillaries.

The network of the retinal vasculature shows steady centrifugal expansion
based. on the formation of new vessels in the zone of transition between the
vascularized retina and the avascular periphery. Human retinal vessels reach
the ora serrata on the nasal side by about the 7th—8th month, whereas in the
temporal portion of the fundus the retina is vascularized only about as far as
the equator at this time (Cogan, 1963). The delay in vascularization of the
temporal as compared with the nasal half of the retina has been confirmed by
several histological and clinical observations in premature infants.

At indirect ophthalmoscopy the non-vascularized part of the retinal peri-
phery manifests itself as a pale zone in premature infants. The presence of
such a zone therefore signifies that the retinal vascularization is not yet com-
pleted. On the basis of this ophthalmologically visible criterion, Fletcher
(1955) found that neonates with a body weight of 2000 g as a rule had an en-
tirely vascularized retina. Roth (1970) determined the gestational age of
mostly prematurely born babies on the basis of various neurological and
physical findings, and ophthalmoscopically found vascular maturation for the
first time at 31 weeks. Vascularization was found to be complete in all infants
with a gestational age of 38 weeks and over.

The vascularization of the peripheral retina in the eyes of immature and
premature babies has also been studied histologically (Foos and Kopelow,
1973; Saga and Uemura, 1977). Foos and Kopelow (1973) found a fully vas-
cularized retina in 10% of the eyes of infants with a gestational age of 28
weeks, and 70% of the eyes at a gestational age of 36 weeks. These authors
found a completely vascularized retina in all full-term infants.

The above shows that the gestational age at which the retinal periphery is
fully vascularized, can vary widely. Other histological studies have confirmed
this (Kushner et al., 1977). Distinct differences in the rate of retinal vasculari-
zation between the two eyes in the same individual have been observed but
are rare (Foos and Kopelow, 1973).

In eyes with a not yet fully vascularized retina, the peripheral zone of ad-
vancing vasculature proved to show a fimbriated pattern. The peripheral avas-
cular zone was always at its widest in the temporal and superior part of the
fundus. In several of these eyes, the boundary between the vascular and the
avascular retina curved abruptly back in central direction near the horizontal
meridians, thus producing a V-shaped notch. A notch of this kind was found
in 12% of the eyes with immature vascularization (Foos and Kopelow, 1973).
It indicates incomplete or retarded fusion of the superior and inferior vascular
complexes near the horizontal meridians, these authors maintain.

Histologically, the avascular part of the normal foetal retina shows cystic
defects between the processes of Miiller cells in the nerve fibre layer. These
cysts are visible at low magnification, not only in flat-mount preparations but
also in cross-sections (Figure 2). Some authors have reported the remarkable
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observation that such cystic changes are not found in eyes with the features
of retrolental fibroplasia (Kushner et al., 1977).

The above studies show that the human retina is as a rule fully vascularized
by the time of birth, and sometimes even before this. This does not mean that
the retinal vasculature shows an adult pattern at this time, and particularly
not the peripheral retina, which matures last. According to Cogan (1963), the
immature configuration at the end of the intrauterine period is clearly visible
especially in flat-mount preparations of the retina. It is not until about the
Sth month after birth that the retinal vasculature shows its adult configur-
ation with meshes of varying shape and size, and only about that time are
mural cells discernible in the vascular walls (Cogan, 1963).

1.5 Anatomy of the vasculature of the peripheral retina

The blood vessels of the peripheral retina form a network which is much less
dense and extends much more in a single plane than is the case in the posterior
pole. The peripheral retina is considerably thinner than the posterior retina. A
marked decrease in thickness is particularly noticeable between equator and
ora serrata; in fact the neuroretina near the ora serrata is only half as thick as
near the equator (Daicker, 1972). A true three-dimensional configuration of
the vascular network, as present in the posterior pole, does not exist in the

Figure 2. Cross-section through the neuroretina in the region of the equator, in the same
eye as in Iligure 1. The nerve fibre layer shows cystic spaces between the processes of

Miiller cells. No development of blood vessels is discernible as yet (X 50).
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peripheral retina (Toussaint et al., 1961). The density of the capillary bed,
expressed in the total length of capillaries per retinal surface area unit, mark-
edly diminishes from the posterior pole to the periphery, and at the equator
is about a quarter of the density near the optic disc (Toussaint and Danis,
1970). Measured at the same distance from the optic disc, the density of the
capillary bed in the temporal sector proved to exceed that in the nasal sector;
and somewhat lower density was found in the superior and inferior sectors of
the fundus (Toussaint and Danis, 1970).

The outer boundary of the peripheral vascular bed near the ora serrata is
formed by capillaries, and at some sites by venules, which drain blood from a
few slightly more centrally localized capillaries. Such venules, which consti-
tute the most peripheral parts of the retinal vascular bed and curve in central
direction to drain the blood in larger venous branches, are described by some
German-speaking authors as “Wurzelvenen” (root veins) (Zollinger, 1944;
Daicker, 1972). Sometimes these vessels extend over a longer distance more
or less parallel to the ora serrata before curving in central direction. In that
case they are sometimes referred to as arcade vessels (German: ‘‘Arkaden-
venen’’). Arcade vessels of great length are rare in human subjects (Daicker,
1972), but are regularly found in some mammals such as dogs (Mutlu and
Leopold, 1964).

The capillary-free zone around the arteries, already observed in the pre-
vious century by His (1980), increases in width towards the periphery of the
fundus, where it attains a width of about 0.12 mm (Michaelson, 1954).

1.6 Structure of the retinal vessels and the vitreoretinal juncture of the
peripheral fundus

The structure of the individual retinal vessels in the region of the equator, as
observed at light microscopy in cross-sections of the retina, differs hardly (if
at all) from that of the vessels in the posterior pole. Spitznas and Bornfield
(1977) maintain that the capillaries in the extreme periphery of the retina
have an abnormally wide lumen, but Daicker (1972) observed this only in the
abovementioned “Wurzelvenen” and arcade vessels.

A histological peculiarity of the retinal vessels in the extreme periphery of
the fundus is the presence of a perivascular halo which consists of delicate
collagen fibrils, basal lamina material, dense bodies, vesicles and parts of
macrophages (Spitznas and Bornfield, 1977). Luciano et al. (1977) histo-
chemically identified glycoproteins in this halo, which can vary in thickness.

The blood vessels of the peripheral retina are localized superficially in the
nerve fibre layer, which in this part of the fundus is thin. As in the posterior
retina, the blood vessels are surrounded by a continuous envelope of glia
cells which separates blood vessels from nerve cells.

The close anatomical relation between the retinal vessels, particularly in the
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peripheral fundus, and the vitreoretinal juncture is of significance in the
mechanism by which this juncture, and even the cortical vitreous, develop
changes in response to vascular disturbances. At light-microscopic examin-
ation the vitreoretinal juncture is distinguishable as a homogenous membrane
on the inner surface of the retina; this membrane averages 2—3 u in thickness
and is described as inner limiting membrane. At electron-microscopic examin-
ation this membrane proves to consist of two layers: a basal lamina and a
thicker layer of vitreous fibrils which, on the vitreous side, are connected
with the basal lamina (Gértner, 1966). The basal lamina is separated from the
plasma membrane of the glia cells of the retina by a narrow electron-lucent
space (Foos, 1972).

The vitreoretinal juncture shows considerable structural differences in dif-
ferent portions of the fundus: it is very thin in the region of the ora serrata at
the site of the vitreous base, and in central direction becomes thicker and
thicker until it attains 6 times its initial thickness in the posterior pole (Foos,
1972).

Aother difference concerns the so-called attachment plaques by which
the Miiller cells are connected with the basal lamina. These plaques are ob-
served only in the peripheral retina but are absent in the posterior pole (Foos,
1972).

The vitreoretinal juncture is usually separated from the retinal blood ves-
sels by a glial layer which consists of processes of the Miiller cells. This layer
can be absent in blood vessels localized very superficially in the neuroretina,
as they often are in the periphery of the fundus. In that case there is often a
direct connection between the vascular wall and the vitreoretinal juncture.
Such connections can be found in normal eyes, and are therefore also known
as physiological vitreovascular adhesions (Girtner, 1962b).

At the level of superficially localized vessels the vitreoretinal juncture
sometimes shows defects (Foos, 1977) through which processes of glia cells
can invade the cortex of the vitreous and form local vitreoretinal adhesions
(Daicker et al., 1977). Similar defects of the basal lamina in the vitreoretinal
juncture, with local growth of glial tissue to the vitreous space, can also be
present without any direct relation to retinal blood vessels. They have been
observed in foetal as well as in adult eyes (Daicker et al., 1977).

Girtner (1962b) demonstrated light-microscopically that normal retinal
blood vessels can in some cases even leave the stroma of the neuroretina and,
over some distance, take an epiretinal course through the vitreous space.
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CHAPTER 2

CLINICAL EXAMINATION OF PERIPHERAL RETINAL
BLOOD VESSELS AND CIRCULATION

A limited number of methods are available for clinical examination of the vas-
culature and circulation of the peripheral retina. This chapter discusses the
principal techniques and aids used in this context, with emphasis on the prac-
tical possibilities and limitations of the various methods.

One difficulty in this respect is that the normal peripheral retina shows
many interindividual variations. It is consequently not always possible to es-
tablish with certainty whether a slight anomaly should be regarded as a vari-
ant of the normal or as a minimal expression of an (hereditary) affection.
This uncertainty prevails in particular in the study of families with DEVR.

It is therefore of importance to determine which vascular phenomena ob-
served in contact lens studies and fluorescein angiography cannot be inter-
preted as normal.

2.1 Indirect ophthalmoscopy

Indirect ophthalmoscopy, using either a monocular or binocular instrument,
is a valuable and widely used method for examination of the peripheral fun-
dus. For examination of patients with only slight vascular abnormalities in
the peripheral retina, however, indirect ophthalmoscopy has two disadvan-
tages if compared with contact lens biomicroscopy, which is subsequently
discussed: the magnification of the fundus features is insufficient for ade-
quate visualization of the vascular ramifications peripheral to the equator.
Magnification can be somewhat enhanced by using a weaker condensing lens
or positive adapter lenses in the ophthalmoscope, but these measures have
their limitations. The second disadvantage of indirect ophthalmoscopy is the
difficulty of assessing the (preretinal) vitreous.

Since vascular affections of the retina manifest themselves in the inner
retinal layers and the preretinal vitreous may be involved, it is important to
use a method which permits adequate examination of the posterior and peri-
pheral vitreous.

For these two reasons I have preferred to examine my patients and their
relatives by slit-lamp biomicroscopy, which ensures better visualization of
details in the fundus and the preretinal vitreous space than does indirect
ophthalmoscopy. Whenever possible, I have performed the examination
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bilaterally in complete mydriasis. Indirect ophthalmoscopy yielded no sup-
plemental findings and consequently was omitted in most cases. It was per-
formed only in cases in which contact lens examination was not feasible.

2.2 Three-mirror contact lens examination

The technique of slit-lamp biomicroscopy with the aid of a three-mirror
contact lens has been described in detail in other publications (Busacca et al.,
1957; Eisner, 1973; Tolentino et al., 1976). The method is superior for a
study of the peripheral retinal vasculature and the preretinal vitreous.

For observations on the peripheral fundus, the three-mirror contact lens
has the great advantage that it eliminates optical aberrations which result
from the angle of incidence of the beam at the corneal surface. Not only does
this enhance the definition of the fundus features but it also reduces the rec-
tangular distortion of these features (Niesel, 1975). According to Lotmar
(1971), astigmatism increases very markedly outside the 80° area even with a
contact lens. Since indentation reduces the angle of observation for the peri-
pheral fundus, this method is of importance for reduction of astigmatism.

The definition of details in the peripheral fundus shows considerable dif-
ferences in different eyes. This is due to differences in optical aberrations due
to the slant of the beam and media turbidities, especially in the peripheral
vitreous. As a result, the definition of features can differ even in different sec-
tors of the same eye.

2.2.a The biomicroscopic features of the normal vasculature of the
peripheral retina

In the normal fundus, the peripheral ramifications of the central retinal artery
and vein show an even distribution over the various retinal sectors. The lumi-
nal width of the ramifications steadily diminishes towards the periphery. Bio-
microscopically, it is usually no longer possible to decide whether the vessels
in the region of the equator are arterial or venous vessels. This can be achieved
only by following these vessels as far as the posterior fundus.

Peripheral ramifications of retinal vessels can usually be followed as far as
the ora serrata region. In the clinical diagnosis of mild cases of DEVR it is im-
portant to establish the presence of small retinal branches in the peripheral
portion of the equator region and the central portion of the ora serrata region.
Since the primary lesions of the condition are based on a developmental dis-
order of the retinal vasculature, which becomes manifest in the temporal sec-
tor of the peripheral retina, demonstration of avascularity in this area is an
important contribution to diagnostic certainty.

Optimal illumination is of great importance for observation of the most
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peripheral ramifications of the retinal vasculature. The intensity of illumina-
tion of the slit-lamp should be much higher than that used in examining the
posterior fundus. The contrast of small retinal vessels against the background
of the choroid can be enhanced by the use of a green or green-yellow filter,
but this should not absorb too much light! Indentation makes it possible to
observe the most peripheral portion of the retina as far as the ora serrata. For
visualization of the small vascular branches in the peripheral retina, indenta-
tion is of limited value because the blood in these branches is pushed away,
and this does not exactly enhance their visibility.

This is why I have made but little use of an indentation funnel in my study.
Before completion of the contact lens examination, indentation of the sclera
in the temporal sector was effected in most cases by exerting mild pressure
with the radial part of the tip of the middle finger, meanwhile ensuring fix-
ation of the three-mirror contact lens between thumb and index finger of the
same hand. This method can only be used for temporal indentation, which
for my purpose was usually sufficient.

Since the capillary bed of the retina cannot be visualized biomicroscopi-
cally, the vascularity of the peripheral retina has to be determined (in this ex-
amination) on the basis of observations on the smaller peripheral arteries and
venous branches. A suitable method is to identify a relatively large vascular
branch posterior to the temporal equator, and to follow its ramifications as
close to the ora serrata as possible. In normal eyes this is usually possible as
far as about 1—2 disc diameters central to the ora serrata.

It is not always possible to distinguish retinal vessels as far as the ora ser-
rata region in normal eyes. As already pointed out, optical aberrations or
delicate turbidities of the media can impede detailed observations.

In eyes with peripheral retinal degenerative changes — e.g. snailtracks and
diffuse chorioretinal degeneration, with or without myopia — retinal vessels
are often biomicroscopically indistinguishable in the affected areas. And in
fluorescein angiography these areas often show diminished or absent perfusion.

Although the vasculature of the normal peripheral retina is highly variable,
abrupt termination of the vascular bed in the equatorial region of the fundus
(as found in DEVR) is an unmistakable indication of pathology. This finding
is in fact the principal criterion in differentiating between the affected and
unaffected members of a family (see Chapter 4).

2.3 Photography and fluorescein angiography of the peripheral fundus

There are several methods of making photographs of the peripheral fundus.
Depending on the method, the following equipment can be used:

— slit lamp camera and contact lens

— fundus camera with (wide angle) contact lens objective

— hand-held fundus camera with interposed condensing lens (indirect
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method)

— normal fundus camera without further aids.

For slitlamp photography, a mirror contact lens can be used (Klein et al.,
1974). This ensures relatively high magnification but entails a narrow image
angle. Transscleral illumination of the fundus is possible (Slezak and Kenyeres,
1975).

Pomerantzeff (1975) designed a fundus camera with a contact lens objec-
tive to ensure direct contact with the cornea of the eye examined. This camera
makes it possible to depict the entire fundus as far as the equator at a single
exposure, but of course at low magnification.

The technique of fundus photography with a hand-held fundus camera and
an interposed condensing lens is optically comparable with indirect ophthal-
moscopy. This technique is especially suitable for young children examined
under anaesthesia (Nagata and Tsuruoka, 1972).

Photography of the peripheral fundus with a normal fundus camera with-
out further aids requires camera adjustment at an angle with the optical axis
of the eye. An advantage is that no separate technical adjustments are re-
quired. Another advantage, particularly important for depiction of smaller
details, is the relatively high magnification. Disadvantages of this technique
are the relatively narrow angle and the difficult manoeuvres required for pro-
per camera adjustment. A prerequisite with this technique is good cooper-
ation on the part of the patient, who is required to train his eyes in extreme
directions of gaze without executing interfering movements of the eyes or
head. To photograph the temporal periphery, the camera has to be pivoted in
nasal direction, and the anatomy of the patient’s nose may in some cases im-
pair this manoeuvre,

All photographs of the peripheral fundus of patients mentioned in this
study were obtained by the lastmentioned method. Like all other known
techniques of photography of the peripheral fundus, it entails considerable
astigmatism, which increases as the angle between the optical axis of the
camera objective and the optical axis of the eye examined widens.

Some fundus cameras have a corrective device to reduce astigmatism (Aan
de Kerk, 1973). Although a considerable degree of correction can be achieved
in this way (Busse and Mittelman, 1976), it is impossible to neutralize all the
optical aberrations due to the slant of the light rays passing through the re-
fracting media of the eye examined. These optical aberrations manifest them-
selves on photographs of the peripheral fundus, even in normal eyes; and,
particularly on flurorescein angiograms, they can be confused with perfusion
disorders.

The purpose of flurorescein-angiographic examination of the peripheral
fundus as performed in the persons described in this thesis, was to demon-
strate developmental disorders of the peripheral retinal vasculature. Some of
the problems encountered in this context were far from small. Apart from the
abovementioned optical aberrations and technical problems of access to the
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equatorial region in some cases, diagnosis was impeded in other cases by the
extremely peripheral localization of the lesions. The next subsection lists
several characteristics of the fluorescein angiogram of the normal peripheral
fundus, and discusses features which should be interpreted as pathological.
Mention will also be made of some possible artefacts, produced by the
abovementioned optical aberrations.

2.3.a The fluorescein angiogram of the normal peripheral fundus

The characteristics and artefacts to be discussed here were encountered in
fluorescein angiography performed by the technique we used. Several features
of the normal fluorescein angiogram of the peripheral fundus obtained by simi-
lar techniques, have been discussed by Sata (1972), Asdourian and Goldberg
(1979) and Miyakubo and Numaga (1980).

With the technique used it was usually impossible to depict retinal vessels
localized peripheral to the midline between equator and ora serrata.

The fluorescein angiogram of the equatorial region of the normal fundus
shows the following characteristics:

Choroid

— The first filling of the choroidal arteries with fluorescein as a rule precedes
the filling of the retinal arteries by a few seconds. This finding contradicts
areport by Archer et al. (1970), who observed approximately simultaneous
filling. Their angiograms, however, mainly covered the area slightly central
to the equator, where the difference in time between choroidal and retinal
filling is less marked, or even absent.

— The flush of the choriocapillaris is less intensive in the periphery than in
the posterior pole. Particularly anterior to the equator, the fluorescence of
the choriocapillaris is substantially less marked than posterior to the equa-
tor. This phenomenon probably results in part from the less intensive cir-
culation in the periphery. It has been established anatomically that the
structure of the peripheral choriocapillaris is less dense and coarser than
that in the posterior pole, and that a larger area is supplied from a single
arteriole (Shimizu and Ujiie, 1976).

The phenomenon of hypofluorescence of the choriocapillaris anterior to
the equator is probably accentuated by optical factors. Even in complete my-
driasis it is usually inevitable that part of the incident light from the fundus
camera fails to enter through the pupil of the eye. Partly because of this, the
illumination of the most peripheral portion of the fundus is weaker than that
of the region posterior to the equator, and consequently the peripheral chorio-
capillaris is depicted as relatively hypofluorescent. With a few modern cameras
it is possible to adapt the shape of the illumination pupil optically to the
requirements of peripheral fundus photography.
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We were unable to confirm the report that the peripheral choriocapillaris
is entirely invisible on the fluorescein angiogram (Bec et al., 1980).

Retina

— The blood flow in all vessels of the equatorial retina is significantly slower
than that in the posterior fundus. This has its consequences for fluorescein
angiography. The interval between exposures can be longer than in angio-
graphy of the posterior pole, but the series of exposures should be con-
tinued longer. Not infrequently, filling of small peripheral vascular branches
is still observed even after a full minute. When late exposures are omitted,
it may be erroneously concluded that a perfusion disorder of the peripheral
retina is involved.

— On the fluorescein angiogram, the peripheral vascular bed is less dense than
that in the posterior pole;and the periarterial capillary-free zones are wider.

— As a result of the abovementioned optical aberrations, the photograph is
usually only partly in sharp definition. That part of the photograph that
depicts the most peripheral part of the fundus usually shows the least
definition and the least contrast. This phenomenon can produce the er-
roneous impression that the peripheral retina is poorly perfused, or not at
all.

The visibility of peripheral retinal vessels on the angiogram can vary widely

in normal eyes. These differences are in part caused by variations in the

background fluorescence of the choroid. The darker the latter appears, the

more readily can the retinal vascular bed be distinguished.

On the fluorescein angiogram of the peripheral fundus, the following fea-
tures should be regarded as abnormal:

— Any leakage from retinal vessels.

— Non-perfusion of the peripheral retina.



PART I

DISTURBED DEVELOPMENT OF THE PERIPHERAL RETINAL
VESSELS
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CHAPTER 3

CLINICAL STUDIES OF FAMILIES WITH DOMINANT
EXUDATIVE VITREORETINOPATHY

3.1 Materials and methods

The probands of seven of the nine families with DEVR had been referred to
our department in view of their eye abnormalities. In none of them had the
diagnosis DEVR been established prior to the investigation at our institute.
The probands of two families (the F family and the I family) were not patients
of our department. All the members of the various families examined were of
Dutch nationality. The majority were living in the eastern part of The Nether-
lands.

The ophthalmological examinations mentioned in this thesis were per-
formed by the methods and with the aid of the equipment specified below.

Slit-lamp examination

In most cases this examination was made using the Rodenstock type RD
2000 slit lamp. Contact lens examinations were made with a Haag Streit three-
mirror contact lens according to Goldman. Like the photographic and fluore-
scein-angiographic examinations, this examination was performed in maximal
mydriasis. The mydriatics used were usually 0.5% tropicamide and 5% phen-
ylephrine, administered several times in combination,

Fundus photography and fluorescein angiography

For photographic and fluorescein-angiographic examination of the fundus we
used a Kowa fundus camera type RC-W and a Zeiss fundus camera. For fluore-
scein angiography the Kowa camera was equipped with Spectrotech filters
type SE-40 and SB-50, and the Zeiss camera with Zeiss filters type 500 and
520. Some exposures were made with the Canon CF60Z fundus camera.
Nearly all steroscopic photographs were obtained by making two or more
exposures in succession and, in the intervals, slightly shifting the camera in
the horizontal plane. Stereo-pairs were later selected from the available ex-
posures. Photographs of the peripheral fundus were obtained by slanting the
fundus camera without use of a mirror contact lens or other optical aids. For
fluorescein angiography generally about Sml of a 20% solution of
sodium fluorescein was rapidly injected into a vein of the forearm.
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Colour photographs were made on Kodachrome 64 ASA film, with a green
filter interposed in many instances. Kodak tri X film was used for fluorescein
angiography. The latter film was developed in Promicrol with the aid of a
Mafi rotary processor.

Measurement of visual fields

The visual fields were examined with the aid of a photometrically standard-
ized Goldmann perimeter (V-4 test object: 1000 asb; eyeball illumination:
31.5 asb). We used only the kinetic method.

Electroretinography and electro-oculography

A photoscopic and a scotopic electroretinogram (ERG) was obtained in
several cases; electro-oculography (EOG) was usually performed in the same
cases. Apparatus and set-up for this procedure have been described by Thijssen
et al. (1974).

Dark adaptation

Dark adaptation was examined in some cases, using the Goldmann-Weekers
adaptometer. In all cases dark adaptation of both eyes was examined simul-
taneously in mydriasis. The examination was continued for 25 minutes.

Colour vision

Colour vision tests used were the Tokyo Medical College test (TMC), the
American Optical Hardy Rand Rittler test (AOHRR), the Ishihara test (1970
version), the New colour test, Panel D-15, desaturated Panel D-15, the Farns-
worth 100 HUE test, and the test with Nagel’s anomaloscope (type 11). The
source of illumination consisted of six Philips fluorescent tubes, colour 57,
colour rendering index 96, providing 1750 lux at the level of the desk.

Ultrasonography

Ultrasonographic examination of the eyeball was performed in a few instances,
mostly involving eyes whose fundus could not be visually examined due to
media turbidities. Some eyes with clear media, moreover, were biometrically
examined. Ultrasonography was carried out with the Kretz unit type 7200
MA (A-scan) and the Bronson-Turner unit (B-scan).
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3.2 The A family

Introduction

This was the first family in The Netherlands in which DEVR was diagnosed.
A family study was performed at the Nijmegen University Department of
Ophthalmology by Nijhuis, who described some fluorescein-angiographic
findings obtained in this family (Nijhuis et al., 1979).

In 1979 and 1980, virtually all affected family members known at that
time were re-examined by me, along with a number of those in whom no or
only dubious changes had been found. Ophthalmological examinations were
also made of a number of persons not previously examined. In this way the
pedigree was extended.

Proband V-25 (16-06-56)

History

At age 3, this female patient was referred to our Department by the family
doctor, who suspected a divergent eye position. The child’s general health was
good. There was no history of prematurity or neonatal oxygen administration.

&] (5 not examined.

&] (5 personally examined, unaffected.

‘ ‘ personally examined, affected.

% é personally examined probably affected.
é 6 history of bad visual acuity.

\ﬁ é history of retinal detachment.

&] (5 proband.

[=O consanguineous marriage.

4 children.

dizygotic twins.

!ﬁ%} monozygotic twins.

no offspring.

IHJ
.,"_O

Figure 3. Explanation of symbols used in the pedigrees of the families with DEVR (A
through I).
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Pregnancy and parturition had been normal.

Several persons in the family reportedly had eye anomalies: both parents
had strabismus and reportedly poor visual acuity in one eye. Similar anom-
alies were believed to be present in a number of aunts and paternal cousins of

this patient.

Ophthalmological examination (age 3)

Visual acuity
Eye position

Media
Fundi

Not accurately determinable.

Straight. Conspicuously wide positive kappa
angle.

ODS: Clear.

ODS: In both posterior poles abnormal configur-
ation of the retinal vessels with temporal ectopia
of the macula. No retinal detachment.
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Figure 4. Pedigree of the A family.



25

Figure 5 (V-25). Right eye. Stretched course of the retinal vessels and temporal ectopia

of the macula.

Ophthalmological examination (age 8)

Visual acuity

VOD: cyl. — 2.5 axis 0° 0.6.
VOS: cyl. — 3.0 axis 0° 0.6.

Ophthalmological examination (age 10)

Visual acuity
Binocular vision
Media

Fundi

VODS: As before.

Present .

Vitreous turbidities, especially anterior to the
peripheral fundus OS.

ODS: Abnormally stretched course of the retinal
vessels from the disc to the inferior temporal sec-
tor, with ectopia of both maculae in the same
direction (Figure 5). In the left posterior pole the
vascular deformation is more marked than in the
right, and the features of so-called dragged disc
have developed (Figure 6). Cicatrices and some
retinoschisis in the temporal periphery of both
fundi.

Ophthalmological examination (age 18)
Patient had again been referred by her own ophthalmologist, who had found
severely reduced visual acuity OS due to retinal detachment.
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Figure 6 (V-25). Left eye. Dragged disc.

Visual acuity
Anterior segments

Fundi

Therapy

VOD: S + 0.5/Cyl. — 3.5 axis 5° 0.8.

VOS: Cyl. — 2.5 axis 170° 1/60.

OD: Normal.

OS: Some cortical posterior cataract.

OD: Unchanged.

OS: Retina detached around the centre of the
posterior pole, but partly in situ slightly inferior
to the centre of the posterior pole. This part is
surrounded by a circular fold of detached retina
which protrudes in the vitreous (Figure 7).
Operative treatment of OS does not seem feasible.
The temporal periphery of the fundus OD is
treated by Argon laser coagulation in the region
anterior to the equator, in several sessions. The
superior nasal sector is likewise coagulated. No
complications.

Ophthalmological examination (age 20)

Visual acuity

Fluorescein angiogram

VOD: Cyl. — 2.5 axis 5° 0.5.

VOS: 1/60.

OD: Deformation of the retinal vessels in the
posterior pole due to traction from the temporal
periphery and ectopia of the macula, which is
likewise deformed. Fairly marked diffuse leakage
from all retinal vessels in and around the posterior
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Figure 7 (V-25). Stereo-photograph. Left eye, 8 years later. The retina around the centre
of the posterior pole is elevated in a circular fold.

Figure 8 (V-25). Right eye. Fluorescein angiogram. Diffuse leakage in the posterior pole
in the late phase.



28

ERG
EOG

Dark adaptation
Colour vision

Course

pole (Figure 8). Many coagulation scars are vis-
ible anterior to the equator. No visible neovas-
cularization.

OD: Scot. b-wave 180uV;0S: 30uV.

OD: Lp/Dt: 307;Dt: 163 uV.

0OS: Lp/Dt: 79;Dt: 63 uV.

Binocular: Slightly disturbed cone adaptation.
OD: Slightly disturbed: too many errors in the
100 Hue test; the Nagel anomaloscope reveals a
shift to red.

OS: Not determinable.

In the course of 1977 and 1978, signs of irritation are found in both anterior
segments, without many subjective complaints. A positive flare is found bi-
laterally, and some cells are found in the aqueous humour. Intraocular pres-
sure is not increased. The symptoms are treated with eye drops (1% dexa-
methasone phosphate and 1% atropine sulphate).

Ophthalmological examination in January 1980 (age 23)

Visual acuity
Intraocular pressure

Anterior segments

Vitreous

Fundi

VOD: S — 0.5/Cyl. — 2.75 axis 175° 0.5,

VOS: No light perception

OD: 12 mm Hg.

0OS: 8 mm Hg.

OD: Normal.

OS: Many posterior synechiae. The lens is totally
cataractous and shows calcifications.

OD: Filamentous retrolental structure, behind
which a large optically empty space is visible as a
result of detachment of a large part of the pos-
terior vitreous membrane.

OS: Not assessable due to the cataract.

OD: The vascular pattern of the posterior pole is
as previously described, and seems unchanged
(Figure 5). The attachment of the posterior vit-
reous membrane to the retina is clearly visible
near the nasal equator. Abnormally stretched con-
figuration of the postequatorial retinal vessels
with a radial course. The retinal vessels can be
followed as far as the extreme nasal periphery.
The vascularization of the temporal periphery of
the retina is not readily assessable due to many
coagulation scars. No visible neovascularizations,
retinal defects or exudates.
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OD: Features unchanged since October 1976.
OD: Axis length 21 mm (A-scan)

0OS: Axis length 20 mm. Echoes throughout the
vitreous space. The sclera gives high reflexes sug-
gestive of calcifications.

For cosmetic reasons the strabismus OS is cor-
rected by retroposition of the external rectus
muscle (10 mm) and resection of the internal rec-
turs muscle (5 mm). Subsequently the white, cat-
aractous lens is excised. The cosmetic result is
satisfactory.

No general complaints other than periodical headaches. In view of the eye ab-
normalities the patient was paediatrically examined at age 8; no abnormalities
were found. The patient is of rather gracile habitus; the maxilla is rather high.
General physical examination reveals no other abnormalities.

Internal and haematological examination (1979)

Radiological findings
Laboratory findings

Enzymes

Electrolytes

Other serum values

Coagulation

Serology

Oxygen dissociation

Normal chest X-ray.

ESR 6 mm in one hour.

Hb 9.2 mmol/l.

WBC 6.5 x 10°/1;normal differentation.
Platelets 266 x 10°/1.

SGOT 16 U/l.

SGPT 14 U/L.

LDH normal.

Alkaline phosphatase normal.

Na 138 mmol/l.

K 3.6 mmol/l.

Cl 105 mmol/1.

HCO; 25.0 mmol/l.

Urea 3.3 mmol/l.

Creatinine 68 umol/l.

Glucose 4.2 mmol/l.

Protein spectrum normal.

The bleeding time was increased on two occasions
and normal on one occasion. Otherwise normal.
Toxoplasmosis: negative complement fixation
test and immunofluorescence.

Normal oxygen affinity of haemoglobin.
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Summary and conclusion

A female patient with marked bilateral vitreoretinal changes which at the age
of about 15 led to traction detachment in the left eye, with subsequent total
vitreous organization and cataract. Although the primary vascular lesions can
no longer be accurately assessed due to previous treatments and media tur-
bidities, they are consistent with a diagnosis of severe dominant exudative
vitreoretinopathy.

Subject IV-10 (28-04-23)

History

The proband’s father had reportedly suffered from poor vision in the left eye
since early childhood. This eye had shown strabismus, for which corrective
surgery had been performed at an early age. There was no history of pre-
mature birth.

Ophthalmological examination
Visual acuity VOD: S —-2.00.6.

VOS: 1/60, good light projection.
Cycloplegic refraction OD: S —4.0.

0S: S+ 3.0.

Intraocular pressure OD: 18 mm Hg.
OS: 14 mm Hg.

Eye position Divergent strabismus OS, about 10°,

Anterior segments ODS: No abnormalities other than slight cortical
opacities in the lens of OD.

Vitreous OD: Normal structure; Delicate white particles.

OS: Syneresis. Delicate white particles. Preretinal
vitreous membrane.

Fundi OD: Abnormal stretching of a few small vascular
branches which extend from the disc in temporal
direction immediately above and below the mac-
ula. Many vascular branches terminate abruptly
just anterior to the temporal equator. The non-
perfused retinal periphery shows slight white
without pressure. No defects, exudates or neovas-
cularizations.

OS: The vascular configuration of the posterior
pole is virtually the same as that in OD. An ir-
regular zone of atrophy of pigment epithelium
and choriocapillaris is seen temporal to the disc.
Temporal to the posterior pole, the preretinal vit-
reous contains a membrane which shows some de-
fects and, central to the equator, attaches to the
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Figure 9 (IV-10). Stereo-photograph. Left eye. Attachment of vitreous membrane to the
retina temporal to the posterior pole.

Fluorescein angiogram

retina (Figure 9). In this area the retina contains
numerous vascular branches, some of which are
tortuous. These terminate in a slightly meandering
liminal zone. The retina peripheral to this zone is
avascular. No retinal defects, exudates or neovas-
cularizations.

ODS: Significant leakage from the retinal vas-
cular branches in the temporal equator region.

Figure 10 (IV-10). Left eye. Late phase of the angiogram shows non-perfusion of the
peripheral retina and fluorescein leakage from numerous vascular branches in the equa-

torial retina.
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Figure 11 (IV-10). Right eye. Late phase of the angiogram shows some slight leakage
from macular capillaies and hyperfluorescence of the disc.

Non-perfusion of the temporal retinal periphery
(Figure 10). The late exposures show slight leak-
age from capillaries in both posterior poles, es-
pecially around the macula, and striking hyper-
fluorescence of both discs (Figure 11).

ERG Scotopic b-wave OD: 210 uV.
Scotopic b-wave OS: 185uV.
Photopic b-wave OD: 60uV.
Photopic b-wave OS: S0uV.

EOG OD: Lp/Dt 233; DT 338 uV.
OS: Lp/Dt 153; Dt 450uV.
Dark adaptation Binocular: Subnormal.
Colour vision OD: Normal.
OS: Disturbed: red-green defect HRR.
Ultrasonography Axis length OD: 21.5—-23 mm.
Axis length OS: 21.5—23 mm.

A-scan In both eyes, the eye axis length varies slightly
when measured at different sites of the posterior
pole.

B-scan OD: In vertical section the sclera of the posterior

pole proves to show a strikingly marked curva-
ture. The horizontal section reveals an insufficient
curvature on the temporal, and a more or less
normal curvature on the nasal side of the pos-
terior pole.
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OS: In the vertical plane the curvature of the pos-
terior pole is excessive, and in the horizontal sec-
tion the curvature of the sclera is more marked
on the temporal than on the nasal side.

Follow-up
Repetition of the ophthalmological examination and fluorescein angiography
36 months after the first examination, failed to reveal any significant changes.

Conclusion
The vascular changes of both fundi are entirely consistent with a diagnosis of
DEVR.

Subject [V-11
Ophthalmological examination of the mother of V-25 revealed amblyopia of

the left eye as a result of anisometropia. Both fundi were normal.

Conclusion
No manifestations of DEVR.

Subject V-28 (17-07-64)

History

Sustained severe perforation of the left eyeball when falling in glass at the age
of 1 year. The eye has since become totally atrophic and blind. No history of

premature birth or neonatal oxygen administration.

Ophthalmological examination

Visual acuity VOD: 1.25 uncorrected.
VOS: No light perception.

Anterior segments OD: Normal.
OS: Dish prosthesis.

Vitreous OD: Nothing unusual apart from a few delicate
white particles.

Fundi OD: The posterior pole presents an entirely nor-

mal appearance. A few tortuous venous branches
are visible in the temporal equator region. How-
ever, the vascularization of the equator region
seems complete, and no circumscribed transition
to a non-vascularized retinal periphery is visible.
A small peripheral retinal defect is visible near
7 o’clock. No other changes are observed.
Fluorescein angiogram OD: Slightly tortuous vascular branches in the
temporal sector of the equator; fluorescein leak-
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age from small venous branches occurs at some
sites near 8 o’clock and 9 o’clock (Figure 12). No
demonstrable disorder of peripheral retinal per-
fusion. The late exposures show no leakage from
perimacular capillaries, but the disc is slightly

hyperfluorescent.
EGR OD: Scotopic b-wave 205 uV.
Photopic b-wave S0uV.
EOG OD: Lp/Dt 219; Dt 400 uV.
Dark adaptation OD: Normal.
Colour vision OD: Normal.

Follow-up

At ophthalmological examination 36 months after the first examination,
visual acuity, media and fundus of the right eye were unchanged. The fluore-
scein angiogram was likewise identical.

Conclusion

In this 14-year-old boy, whose left eye had been destroyed in an accident, the
periphery of the fundus OD showed minimal ophthalmoscopic and angio-
graphic lesions which may have resulted from a very slight manifestation of
DEVR. However, the diagnosis cannot be established with certainty.

Figure 12 (V-28). Right eye. Fluorescein leakage from a few equatorial retinal vessels in
the late phase.
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Subject V-8 (10-06-19)
History
No visual complaints. Good general health. No history of premature birth.

This subject is the female partner in a consanguineous marriage.

Ophthalmological examination

Visual acuity VOD: S + 1.9/Cyl. — 2.25 axis 90° 1.0.
VOS: S + 1.75/Cyl. — 1.75 axis 85° 1.0.
Intraocular pressure ODS: 12mm Hg.
Eye position Straight.
Anterior segments ODS: Both corneae are somewhat hazy due to

minimal light scatter in the endothelium. No evi-
dence of cornea guttata.

Vitreous ODS: Normal structure.

Fundi ODS: From the disc, the retinal vessels take a
slightly stretched course to the inferior temporal
sector, with minimal ectopia of both maculae in
the same direction. The temporal retinal vessels
terminate in numerous small ramifications near
the equator, and peripheral to this the retina is
slightly whitish and entirely avascular (Figure 13).

Fluorescein angiogram ODS: Significant leakage from the small vessels
near the temporal equator (Figure 14). Non-per-
fusion of the retina, at least on the temporal side.

Figure 13 (IV-8). Right eye. Numerous retinal vessels localized in the temporal equatorial
zone.



36

Visual fields (Goldmann)

ERG

EOG

Dark adaptation
Colour vision

Follow-up

The avascular zone of the retina extends in cen-
tral direction near the horizontal meridian and
thus forms a wedge-shaped notch between the
smallest branches of the superior and inferior
temporal vessels (Figures 14 and 15). No neovas-
cularization. The early exposures of both pos-
terior poles reveal minimal dilations of the peri-
macular capillaries; late exposures show unmis-
takable leakage from these vessels. Some fluore-
scein leakage is visible also at the discs.

Slight absolute limitation of the visual field in
the superior nasal quadrant ODS.

OD: Scotopic b-wave: 170uV.

OS: Scotopic b-wave: 230uV.

OD: Photopic b-wave: 50uV.

OS: Photopic b-wave: S50uV.

OD: Lp/Dt 168; Dt 350uV.

OS: Lp/Dt 148; Dt 725 uV.

Binocular: Slightly subnormal.

ODS: Virtually normal; a few non-specific errors
in the Panel D-15 test.

Examinations of visual acuity, media and fundi, and fluorescein angiography
of posterior poles and temporal peripheral fundi were repeated after 36
months. The results were unchanged.

Figure 14 (IV-8). Fluorescein angiogram of the same region as in Figure 13. Fluorescein
leakage from the branches in the zone adjacent to the avascular retina.
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Conclusion
Bilateral changes of the retinal vasculature, consistent with a diagnosis of
DEVR.

Subject V-16 (09-10-53)

History

Visual acuity in the right eye has always been poor. During the school years,
some time was devoted to treatment by occulsion of the left eye. Strabismus
operations were performed at age 10 and age 12. The right eye became totally
blind by about age 20. No history of premature birth or neonatal oxygen ad-
ministration.

Ophthalmological examination

Visual acuity VOD: No light perception.
VOS: S — 1.25/Cyl. — 2.0 axis 20° 0.6.
Intraocular pressure ODS: 12mm Hg.
Eye position OD: Convergent strabismus.
Anterior segments OD: The iris shows posterior synaechiae. The

aqueous shows a positive flare and contains cells.
The lens shows subcapsular posterior and cortical
cataract.

0OS: Normal.

Figure 15 (IV-8). Left eye. Fluorescein angiogram shows the same features as in the right
eye.
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Vitreous

Fundi

Fluorescein angiogram

OD: Many turbidities and membranes throughout
the vitreous space.

OS: Normal retrolental vitreous structure. Pos-
terior vitreous detachment with condensations in
the posterior vitreous membrane.

OD: Large intraretinal and subretinal exudates
scattered in the fundus. Particularly in the tem-
poral periphery the retina seems to be lifted (Fig-
ure 16). Further fundus details obscured by
media turbidities.

OS: The temporal vascular branches of the retina
in the posterior pole are slightly stretched. Num-
erous small ramifications of these vessels are
localized central to the temporal equator. An-
terior to the equator, they terminate in a rather
meandering liminal zone which demarcates the
non-vascularized retinal periphery. At the level of
this juncture, a small exudate is visible near 3
o’clock. No neovascularizations or retinal defects.
OS: Unmistakable leakage from the small retinal
vessels localized immediately central to the junc-
ture with the avascular temporal retinal periphery
(Figure 17). Fluorescein leakage also occurs in a
few more posteriorly localized zones parallel to

Figure 16 (V-16). Right eye. Large subretinal exudates in the temporal fundus.
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Figure 17 (V-16). Left eye. Late phase of the angiogram shows non-perfusion of the peri-
pheral retina.
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Figure 18 (V-16). Right eye. Complicated cataract with posterior synechiae.

Visual fields (Goldmann)
ERG

EOG

Dark adaptation

Colour vision

Follow-up

the juncture. Some retinal capillaries at the cen-
tre of the posterior pole show slight dilations.
Slight fluorescein leakage from these vessels is
visible in the late phase, when the disc is hyper-
fluorescent.
OS: Distinctly diminished central sensitivity, and
slight limitation of the III-4 isopter in the nasal
visual field.
OD: Not recordable.
0OS: Scotopic b-wave: 300 uV.

Photopic b-wave: 90uV.
OD: Reversed polarity;
0OS: f,p/Dt 232;Dt 700 uV.
OS: Normal.
OS: Slightly disturbed. Slight shift to red on
Nagels anomaloscope.

The patient was re-examined 36 months later. The lens of the right eye had
meanwhile become totally cataractous, showing a shrunken anterior lens cap-
sule connected with the iris via synechiae (Figure 18). The fundus could no
longer be examined. Visual acuity, media and fundus of the left eye were un-
changed, as was the fluorescein angiogram.
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Conclusion

Bilateral fundus changes with loss of light perception in the right eye as a
result of exudative and tractional retinal detachment. The findings are en-
tirely consistent with a diagnosis of severe DEVR.

Subject V-18 (07-08-57)

History

I did not personally examine this family member, because he was on active
service as a sailor. In December 1975 he was examined by Nijhuis, who sup-
plied me with the fundus photographs. There were no visual complaints. No
history of premature birth or neonatal oxygen administration.

Ophthalmological examination

Visual acuity VOD: 1.0 uncorrected.
VOS: 1.0 uncorrected.
Eye position Unknown
Anterior segments ODS: Normal.
Vitreous ODS: No distinct abnormalities.
Fundi ODS: The temporal ramifications of the retinal

vessels take a slightly stretched course in temporal
direction. Particularly the temporal sector of the
peripheral fundus shows extensive white without
pressure, and some snailtracks in the area anterior

Figure 19 (V-18). Left eye. The avascular retinal periphery shows white without pressure
and snailtrack-like lesions.
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to the equator. Central to these seemingly avas-
cular areas, the retinal vessels terminate in num-
erous ramifications (Figure 19).

Conclusion
The vascular changes in both fundi are consistent with a diagnosis of DEVR.

Subject IV-9 (29-09-21)
History
No visual complaints. The birth weight is unknown, but there is no record of

premature birth.

Ophthalmological examination

Visual acuity VOD: S — 1.75/Cyl. — 1.0 axis 125° 0.6.
VOS: S — 1.0/Cyl. — 1.0 axis 30° 0.8.
Intraocular pressure ODS: 16 mm Hg.
Anterior segments Normal
Vitreous Normal structure, no cells.
Fundi ODS: Slightly stretched course of the retinal ves-

sels in both posterior poles, and probably some
ectopia of the maculae in temporal direction.
The retinal vessels terminate in small ramifications
peripheral to the equator of both fundi, and the
extreme periphery of the retina is not perfused in
this area. The fundus OD contains a small white
exudate at the level of the equator near 8 o’clock.
Areas with atrophy of the pigment epithelium
and choriocapillaries are scattered in the peri-
phery of both fundi. No retinal defects or neovas-
cularizations.

Follow-up
At examination 36 months later, visual acuity and the features of both fundi
were unchanged.

Conclusion

Vascular lesions of the retina in both fundi, consistent with a diagnosis of
DEVR.

Subject V-23 (17-07-57)

History
VODS was reportedly slightly diminished from early childhood on. There are
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complaints of muscae volitantes. No record of premature birth or neonatal
oxygen administration.

Ophthalmological examination

Visual acuity VOD: S —4.250.5.
VOS: S —2.750.5.
Eye position Straight.
Anterior segments ODS: Normal.
Vitreous ODS: Slight syneresis.
Fundi ODS: Abnormally stretched vessels in both pos-

terior poles with some temporal ectopia of the
maculae. In the temporal equator region the
retinal vasculature terminates in irregular rami-
fications. Some of the terminal ramifications are
visible as white dendrite-like structures near 9
o’clock in the right fundus (Figure 20). Non-vas-
cularized retinal periphery of the temporal
fundus ODS. No exudates or neovascularizations.
In the left fundus, the extreme periphery of the
retina in the nasal upper quadrant is likewise
avascular,

Fluorescein angiogram ODS: Aberrant configuration of the retinal vas-
culature in both fundi and non-perfusion of the
temporal retinal periphery anterior to the equa-

Figure 20 (V-23). Right eye. The terminal ramifications of the retinal vessels are visible
as white dendrite-like structures.
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tor. Near the 9 o’clock meridian OD, the zone of
aberrant terminal ramifications deviates slightly
in central direction. The white dendrite-like
structures in this area are clearly recognizable as
the extreme ramifications of the retinal vessels,
which evidently have not occluded completely
(Figure 21). At one site in the avascular retinal
zone, delicate vessels arise from the capillaries of
the liminal zone. Late exposures of the posterior
pole show hyperfluorescence of both discs but
no leakage from the macula.

Follow-up
Fundi, visual acuity and media remained unchanged throughout a period of
40 months.

Figure 21 (V-23). Fluorescein angiogram of the same region as in Figure 20. The sclerosed
ramifications are partly perfused. At one site, very slender blood vessels enter the avas-
cular retina (arrow).
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Bilateral vascular lesions of the peripheral retina, consistent with a diagnosis

of DEVR.

Subject V-24 (18-02-62)

History

The left eye has had poor visual acuity and shown divergent strabismus from
the start. As a child, this patient sustained a small lesion of the right eye
caused by a glass splinter. The birth weight was 3100 g. There is no record of
premature birth or neonatal oxygen administration.

Ophthalmological examination

Visual acuity

Eye position

Anterior segments

Vitreous

Fundi

VOD: S — 2.0/Cyl. — 1.0 axis 0° 0.8.

VOS: 1/60.

The left eye, which is hardly capable of any fix-
ation, shows about 15° divergent strabismus. The
right eye has an increased positive kappa angle.
OD: Small corneal scar near the inferior temporal
limbus.

OS: Normal.

OD: Normal.

OS: The central vitreous is of normal structure
but contains delicate white particles. Membranes
extending in the temporal preretinal vitreous
space attach to a white tissue mass localized in
the extreme inferior temporal retinal periphery
and the pars plana. This mass is connected with
the posterior lens capsule near the equator.

OD: Slight inferior temporal ectopia of the
macula. Temporal to the posterior pole the con-
figuration of the retinal vasculature is aberrant:
this area comprises numerous ramifying vessels,
some of which are tortuous. Their smallest
ramifications terminate abruptly near the equa-
tor. The avascular retinal periphery shows
evidence of degeneration. No exudates or neo-
vascularizations.

OS: This fundus shows the classical features of
a falciform retinal fold. The vessels on the disc
are distorted in inferior temporal direction. From
the disc, a raised radial fold of the retina extends
through the centre of the posterior pole to the
extreme fundus periphery (Figure 22), where the
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Figure 22 (V-24). Left eye. Falciform retinal fold.

Fluorescein angiogram

duplicature ends in a white tissue mass which is
connected with the lens equator and the pars
plana near 4 o’clock. The anterior rim of the ret-
inal fold presents a glittering white appearance,
but no remnants of hyaloid vessels are visible.
Several retinal vascular branches form a fold in
the inferior temporal sector of the posterior pole.
In this area a vitreous membrane containing a de-
fect attaches to the apex of the retinal fold
(Figure 23).

OD: Exposures of the temporal equator region
clearly reveal the abrupt terminations of the
retinal vasculature and non-perfusion of the peri-
pheral retina. Between the extreme ramifications
of the superior and inferior temporal retinal ves-
sels, a V-shaped avascular retinal area extends in
central direction (Figure 24). Slightly later ex-
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Figure 23 (V-24). Stereo-photograph. Left eye. Attachment of membrane to apex of
falciform fold. Several retinal vessels localized in the fold.

ERG

EOG

Dark adaptation
Colour vision

posures clearly show leakage from the most peri-
pheral vessels in this region. The disc is hyper-
fluorescent in the late exposures.
OS: Evident non-perfusion of the peripheral
retina in the temporal equator region immediately
superior to the falciform fold. The white tissue
mass connected with the distal part of the falci-
form fold shows marked fluorescein leakage
(Figure 25).
OD: Scotopic b-wave: 315uV.

Photopic b-wave: 100uV.
OS: Scotopic b-wave: 310uV.

Photopic b-wave: 70uV.
OD: Lp/Dt 241;Dt 425 uV.
OS: Lp/Dt 171;Dt 300uV.
Binocular: Normal.
OD: Normal.
OS: Not testable due to poor fixation.

General physical examination
General health has always been good. General physical examination reveals
nothing abnormal apart from a slightly elevated palate and some atrophy of

the ball of both thumbs.

Radiological examination

X-rays of the skull and hands reveal no abnormalities.
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Figure 24 (V-24). Right eye. Fluorescein angiogram. The retinal vasculature terminates
in the equatorial zone in small aberrant ramifications. Note the wedge-shaped configur-

ation of the avascular zone.

Laboratory studies
Blood

Urine

Immunological studies

Haematological studies

Blood coagulation studies:

Electrolytes, blood gases, liver enzymes, total
protein pattern and protein, creatinine, choles-
terol and triglyceride values are normal.

Protein and reduction: negative. Sediment: nor-
mal. Amino acids: normal.

Lipoproteins, haptoglobin and foetoprotein are
normal. IgG and IgA are normal. IgM slightly
increased.

ESR, Hb and blood count: Normal values. Foetal
haemoglobin: 1% (normal).

Slightly prolonged Quick and cephalin time at
first examination. Slightly increased fibrin break-
down products. Subsequently, however, no dis-
tinct abnormalities are found.
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Follow-up

The patient was re-examined 38 months after the initial examination. The di-
vergence of the right eye had been cosmetically corrected by a strabismus
operation performed elsewhere. There was no evidence of progression of the
ophthalmological abnormalities.

Conclusion

Bilateral abnormalities of the retinal vasculature consistent with a diagnosis of
DEVR, and complicated by falciform retinal detachment in the left eye.
Subject IV-13 (02-11-24)

History

No visual complaints. A history of premature birth (birth weight about 1500 g).

Reportedly no neonatal oxygen administration.

Ophthalmological examination

Visual acuity VOD: 1.0, uncorrected.
VOS: 1.0, uncorrected.

Eye position Straight

Anterior segments ODS: Some slight opacities in the anterior and
the posterior cortex of both lenses.

Vitreous ODS: Slight syneresis, no cells.

Figure 25 (V-24). Left eye. Fluorescein leakage from the peripheral tissue mass in the
late phase of the angiogram. Non-perfusion of the peripheral retina (top right).



50
Fundi

Fluorescein angiogram

Follow-up

ODS: Virtually normal configuration of the ret-
inal vessels in both posterior poles. Some tortuos-
ity of the small vessels in the midperiphery of
both fundi. The temporal fundus periphery in
both eyes shows no distinct retinal vessels but
there are no visible defects, exudates or degener-
ative changes.

OS: Early exposures show minor dilatations of
the retinal capillaries in the macular region (Figure
27). The disc is hyperfluorescent and in fact
shows slight fluorescein leakage in the immediate
vicinity.

OD: The late exposures of the temporal equator
region and posterior pole show the same changes
as the fundus OS. No neovascularizations.

Re-examination (including fluorescein angiography) after 36 months revealed
no progression of the changes.

Figure 26 (IV-13). Left eye. Dilatations of macular capillaries.
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Figure 27 (IV-13). Left eye. Late phase of the angiogram showing leakage from capillaries
in the macular region and on the disc.

Conclusion

Bilateral retinal vascular lesions consistent with a diagnosis of DEVR.

Subject IV-12 (16-06-23)

History

The husband of IV-13 is remotely related to her. There are no visual com-
plaints. The birth weight was 4000g. A genealogical study could not demon-
strate a family relationship between the spouses, but excluded any relation-
ship closer than the 8th degree.

Ophthalmological examination

Visual acuity

Media
Fundi

Fluorescein angiogram

VOD: S+ 0.75 1.0.

VOS: S + 1.5/Cyl. — 0.5 axis 90° 1.0.

ODS: Normal.

OD: Slight venous stasis retinopathy with some
scattered minor retinal haemorrhages. Both fundi
show moderate sclerotic changes of the arterial
retinal vasculature.

OD: Slightly increased circulation time. Some
minor leakage of fluorescein from the larger ven-
ous branches in the posterior pole and in the
macular region.

OS: No abnormalities in the posterior pole. The



52

temporal equator region in both eyes shows
normal perfusion of the retina.

General internal examination
No changes other than slight hypertension and some obesity.

Conclusion
Slight venous stasis retinopathy of the right eye and signs of vascular sclerosis
in both fundi. No symptoms of DEVR.

Subject V-29 (26-07-53)

History

The left eye is reportedly lazy and has never had good visual acuity. No amb-
Iyopia treatment has been given. General health has always been good. Birth
weight was low (2300 g) but reportedly there was no neonatal oxygen admin-
istration.

Ophthalmological examination

Visual acuity VOD: 1.25, uncorrected.
VOS: 0.16, uncorrected.
Eye position Straight.
Anterior segments ODS: Normal.
Vitreous ODS: Normal structure, no cells.
Fundi ODS: Slightly stretched course of the retinal ves-

sels in both posterior poles, and possibly some in-
ferior temporal ectopia of the maculae. Very
delicate radial folds in the macular region OS. In
both fundi the temporal retinal vessels terminate
in multiple ramifications in the equator region.
Peripheral to this the avascular retina shows a
whitish colour (white without pressure).
Fluorescein angiogram OS: The early phase clearly reveals that the ret-
inal vasculature in the temporal equator region
terminates in a zone of aberrant, slightly dilated
terminal branches from which unmistakable leak-
age is visible in the later exposures. Near the 4
o’clock meridian, this zone deviates slightly in
central direction. One site shows very intensive
local leakage immediately peripheral to the ex-
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Follow-up
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treme zone of capillaries (Figure 28). The early
phase shows slightly irregular and dilated capil-
laries in the macular region, from which unmis-
takable leakage is visible after some time. The
late phase shows hyperfluorescence of the disc.
OD: Late exposures of the right fundus likewise
show non-perfusion of the temporal retinal peri-
phery, leakage from capillaries central to this
area, and leakage in the macular region as well as
hyperfluorescence of the disc.

OD: Slight absolute limitation of the nasal visual
field.

0OS: The superior nasal quadrant shows a marked
absolute limitation of the visual field which ex-
tends to just within the 20° area.

Re-examination of visual acuity, media and fundi (including fluorescein angio-
graphy) after 38 months revealed no signs of progression.

Conclusion

Bilateral retinal vascular changes consistent with a diagnosis of DEVR.

Figure 28 (V-29). Left eye. Leakage in the liminal zone from peripheral ramifications
and from one small neovascularization. Note the wedge-shaped configuration of the avas-

cular retinal zone.
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Figure 29 (V-30). Right eye. Delicate perimacular radial folds.

Subject V-30(07-08-54)

History

No visual complaints. Birth weight 2800 g. No neonatal oxygen administration.

Good general health.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

Fluorescein angiogram

VOD: S + 3.0/Cyl. — 1.0 axis 140° 0.6.

VOS: S + 3.5/Cyl. — 0.75 axis 20° 0.8.

Straight

ODS: Normal.

ODS: Normal structure, no cells.

ODS: In the retina, delicate radial folds are visible
around the foveola in the centre of both posterior
poles (Figure 29). The vessels take a slightly
stretched course in temporal direction, and there
seems to be minimal ectopia of both maculae in
the same direction. Some tortuous small vessels
are visible in the mid-periphery of both fundi.
The temporal retinal periphery seems to be avas-
cular but shows no degenerative changes.

ODS: Non-perfusion of the temporal periphery.
The zone of retinal vessels along the central mar-
gin of the avascular zone shows fluorescein leak-
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Figure 30 (V-30). Right eye. Non-perfusion of the peripheral retina on the fluorescein
angiogram.

age (Figure 30). Slight dilatation of a few macu-
lar capillaries, from which unmistakable fluore-
scein leakage is visible in the late phase. Leakage
is visible also at the level of the discs and their
immediate vicinity.

Conclusion
Bilateral retinal vascular changes consistent with a diagnosis of DEVR.

Subject V-31 (02-09-58)

History

No visual symptoms. Birth reportedly premature (birth weight 1500 g). Kept
in the incubator for some time after birth, but no record of the duration of

incubator management or oxygen administration.

Ophthalmological examination

Visual acuity VOD: S—4.51.0.
VOS: S—4.01.0.
Eye position Straight.
Anterior segments ODS: Normal.
Vitreous ODS: Normal.
Fundi ODS: Normal pattern of retinal vessels in the

posterior pole in both eyes. The temporal peri-
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phery of the right fundus shows no distinct ab-
normalities, but in the left fundus the retina in
this region presents a whitish appearance anterior
to the equator and is avascular.

Fluorescein angiogram The posterior poles are normal. The temporal
equator region OD shows no distinct changes
other than a defect in the pigmented layer, but
the angiogram of this area is not entirely in sharp
definition. The same region in the left fundus
does show changes: posterior to the equator a
fair number of more or less parallel vascular
branches seem to terminate abruptly. Nowhere,
however, is fluorescein leakage visible. In the late
phase both discs are slightly hyperfluorescent.

Conclusion

Slight abnormalities in the fluorescein angiogram of the left eye, suggestive of
incomplete vascularization of the temporal retinal periphery. A diagnosis of
DEVR is uncertain in this case because the changes can also be a manifest-
ation of slight retrolental fibroplasia.

Subject V-32 (06-12-61)

History

Esotropia was reportedly discovered in infancy and treated by operative cor-
rection at age S. No amblyopia treatment mentioned. VODS has always been

good.

Ophthalmological examination

Visual acuity VOD: S+ 0.51.0.
VOS: S+ 0.51.0.
Eye position Convergent strabismus OS, about 10°.
Anterior segments ODS: Normal.
Vitreous ODS: Bilaterally, the retrolental vitreous is of

normal structure and contains no cells. In the left
eye the preretinal periphery of the vitreous space
contains some delicate turbidities.

Fundi ODS: Normal configuration of the retinal vas-
culature in both posterior poles. Superior and
temporal to the macula of the left eye, a pigment
epithelium area the size of one disc diameter
shows atrophy. In both fundi the periphery
shows various tortuous retinal vessels but no
other retinal vascular changes.
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Figure 31 (V-32). Left eye. Fluorescein angiogram. Hyperfluorescent zone due to
atrophy of the retinal pigment epithelium.

Figure 32 (V-32). Left eye. Slight fluorescein leakage in the late phase of fluorescein
angiography.
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Fluorescein angiogram 0S: The early phase of the posterior pole clearly

reveals the atrophic area of the pigment epithe-
lium as hyperfluorescent area (Figure 31). Late
exposures of the temporal fundus reveal tortuous
vessels with some fluorescein leakage (Figure 32).
No abrupt transition to a non-perfused retinal
periphery is fluorographically visible. The late
phase shows unmistakable hyperfluorescence of
the disc.
OD: The late exposures of the posterior pole
show a hyperfluorescent disc but no leakage in
the macular region. The region central to the
equator shows no changes other than a few tor-
tuous retinal vessels. There are no exposures of
the equatorial zone of sufficiently sharp defi-
nition.

Visual fields (Goldmann)  ODS: No distinct abnormalities.

Follow-up
No evidence of progression was found at re-examination after 39 months.

Conclusion
Slight bilateral vascular changes in the retinal periphery with fluorescein leak-
age in the left eye, based on a mild manifestation of DEVR.

Subject V-33 (03-01-66)

History

Convergence of the right eye reportedly present since early infancy, with
poor visual acuity. Strabismus correction at age 4. No amblyopia treatment
on record. The birth weight was 2500 g. Nutritional problems necessitated
hospitalization for a few days after birth. No record of neonatal oxygen ad-
ministration.

Ophthalmological examination

Visual acuity VOD: 1/60, uncorrected.
VOS: Cyl. — 0.5 axis 0° 1.0.
Eye position OD: Convergent strabismus, about 7°.
Anterior segments ODS: Normal.
Vitreous ODS: Normal structure, no cells.
Fundi ODS: In both posterior poles the retinal vessels

take a slightly stretched course in temporal direc-
tion but there is no distinct ectopia of the macu-
lae. The pattern of the retinal vasculature in the
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Figure 33 (V-33). Left eye. Abnormal configuration of retinal vessels in the temporal
equatorial zone and slight fluorescein leakage in the retina.

Fluorescein angiogram

temporal sector of both posterior poles is slightly
aberrant: relatively many vessels with a fairly
parallel course are localized in this part of the
two fundi. Some of these vessels are markedly
tortuous. No retinal defects, exudates or neovas-
cularizations.

OD: The early exposures of the posterior pole
show no changes apart from a slightly peculiar
configuration of the retinal vessels; specifically,
there are no capillary dilatations in the macular
region. The retinal circulation time is normal.
The equatorial zone near 9 o’clock shows a fairly
large number of retinal vessels whose venous
branches are abnormally tortuous. Some of these
branches curve near the equator, and several
show some fluorescein leakage. Avascularity of
the peripheral retina is not demonstrable fluoro-
graphically. The late exposures of the posterior
pole show no leakage in the macula but the disc
is hyperfluorescent.

OS: Late exposures of the temporal equator
region show fluorescein leakage from slightly
aberrant vascular branches. Avascularity of the
peripheral retina is not demonstrable (Figure 33).
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Follow-up
Visual acuity, media and fundi were unchanged at re-examination 36 months
later.

Conclusion '
Bilateral peripheral retinal vascular changes, suggestive of a mild manifes-
tation of DEVR.

Subject IV-16 (13-10-29)

History

Visual acuity OD has always been poor. Cataract examination OD at age 27,
probably for cosmetic reasons. The right eye has been totally blind for some
years. No history of premature birth.

Ophthalmological examination

Visual acuity VOD: No light perception.
VOS: S — 0.5/Cyl. — 2.5 axis 65°.
Intraocular pressure OD: 21 mm Hg.
0OS: 20mm Hg.
Eye position Divergent strabismus, 20°.
Anterior segments OD: Clear cornea. The anterior chamber is of

virtually normal depth. The iris is atrophic and,
in part, connected via synechiae with a totally
opaque white tissue mass which occludes the
entire pupillary aperture.

OS: Normal.

Vitreous OD: Not assessable.

OS: Normal structure of the retrolental vitreous.
Anterior to the temporal fundus periphery the
vitreous shows some delicate condensations.

Fundi: OS: Disc, macula and vessels in the posterior
pole present a normal appearance. Central to the
temporal equator the retina comprises a slightly
increased number of vessels of more or less paral-
lel arrangement. The antero-equatorial retina
shows white without pressure. Retinal vessels are
not visible in this area. Anterior to the equator,
two small retinal defects are visible near the 12
o’clock position.

Fluorescein angiogram OS: Near 4 o’clock, the retinal vasculature ter-
minates anterior to the equator in small irregular
ramifications from which fluorescein leaks (Fig-
ure 34). The retina peripheral to this is not per-
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Figure 34 (IV-16). Left eye. Fluorescein angiogram. Tortuous branghes in the inferior
temporal sector of the fundus and non-perfusion of the peripheral retina.

fused. A few small capillary telangiectases in the
macular region show slight fluorescein leakage. In
the late phase, the disc is hyperfluorescent.
ERG OD: Not recordable.
OS: Scotopic b-wave: 190uV.
Photopic b-wave: 30uV.
Flicker fusion frequency: 50 Hz.

EOG OD: Flat type 1.

OS: Lp/Dt 176; Dt 637 uV.

Dark adaptation OS: Normal.

Colour vision OS: A slight protan defect is found both with the
anomaloscope and in the Farnsworth 100 Hue
test.

Therapy

Both retinal defects in the periphery of the fundus OS were treated by laser
coagulation, without subsequent complications.

Follow-up

Re-examination after 37 months revealed no signs of progression. The fluore-
scein angiogram showed no abnormalities other than a few scars caused by the
Argon laser treatment.
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Figure 35 (V-39). Left eye. Fluorescein angiogram of equatorial zone near 3 o’clock.
Tortuous shunt vessels between superior and inferior temporal retinal vessels (arrows).

Conclusion
Total vitreous organization and retinal detachment OD; vascular lesions of the

temporal retinal periphery OS with a few retinal defects. The findings are
consistent with a diagnosis of DEVR.

Subject V-39 (17-02-55)
History
No visual complaints. Good general health. No record of premature birth or

neonatal oxygen administration.

Ophthalmological examination

Visual acuity VOD: C — 0.5 axis 170° 1.25.
VOS: S + 0.75/ Cyl. — 1.5 axis 70° 1.25.
Eye position Straight

Anterior segments ODS: Normal.
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Figure 36 (V-39). Right eye. Numerous vessels terminate abruptly near the temporal

equator.

Vitreous
Fundi

Fluorescein angiogram

Visual fields (Goldmann)

ODS: Normal.

ODS: Both posterior poles are of normal appear-
ance. The temporal mid-periphery shows an abun-
dance of retinal vascular branches, some of which
are tortuous. Peripheral to this, the retina seems
avascular, but this part shows no degenerative
changes.

OS: The early phase shows no lesions of the pos-
terior pole. In the temporal equator region the
retinal vessels terminate in multiple ramifications
from which fluorescein leaks. The peripheral
retina is avascular, A few tortuous shunts be-
tween peripheral branches of the superior and
the inferior temporal retinal vessels are near 3 0’
clock (Figure 35). The disc is hyperfluorescent
in the late phase. No leakage in the macular re-
gion.

OD: In the temporal equator region the retinal
vasculature terminates in aberrant, leaking rami-
fications (Figure 36). Late exposures of the pos-
terior pole show slight leakage in the macular re-
gion and disc hyperfluorescence.

OD: No distinct limitations.

OS: Slight limitation of the nasal visual field.
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ERG OD: Scotopic b-wave: 310uV.
Photopic b-wave: 60 uV.

OS: Scotopic b-wave: 210uV.
Photopic b-wave: 45uV.

EOG OD: Lp/Dt 213; Dt 300uV.

OS: Lp/Dt 217; Dt 288 uV.
Colour vision ODS: Tendency to a blue-yellow defect.
Follow-up

Re-examination after 34 months revealed no signs of progression. The fluore-
scein angiogram was unchanged.

Conclusion
Bilateral retinal vascular lesions consistent with a diagnosis of DEVR.

Subject V-40(01-03-58)

History
No visual complaints other than slightly diminished visual acuity OS. Good
general health. No record of premature birth or neonatal oxygen adminis-
tration.

Ophthalmological examination

Visual acuity VOD: S+ 0.5.0.8.
VOS: S+ 1.5/Cyl. — 1.5 axis 0° 0.6.
Eye position Straight.
Anterior segments ODS: Normal.
Vitreous ODS: Normal.
Fundi ODS: Vascular configuration in both posterior

poles slightly stretched in temporal direction
with slight ectopia of the maculae in the same
direction. On the temporal side of both posterior
poles, the retina contains numerous vascular
branches which do not seem to continue to the
extreme periphery. The retinal periphery shows
no exudates, defects or pigmentations.
Fluorescein angiogram OS: The early phase of the posterior pole shows
no capillary dilatations. The equatorial zone near
3 o’clock contains an abnormally large number
of vascular branches which terminate abruptly
immediately anterior to the equator: local non-
perfusion of the peripheral retina. Leakage of
fluorescein from these vessels. The late phase
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Figure 37 (V40). Right eye. Fluorescein angiogram shows tortuous venous branches and
leakage in the zone adjacent to the avascular retina.

ERG

EOG

Dark adaptation
Colour vision

Conclusion

shows a hyperfluorescent disc but no leakage in
the macular region.
OD: The late phase of the posterior pole and the
temporal equatorial zone shows the same changes
as those observed in the fundus OS (Figure 37).
No signs of neovascularizations.
OD: Scotopic v-wave: 330uV.

Photopic b-wave: 70 uV.
OS: Scotopic b-wave: 370 uV.

Photopic¢ b-wave: 55 uV.
OD: Lp/Dt 250; Dt 300uV.
OS: Lp/Dt 204; Dt 300uV.
Binocular: Normal.
ODS: Normal.

Bilateral vascular changes of the retinal periphery, consistent with a diagnosis

of DEVR.

Subject V-41 (23-10-61)

History

Patient has been wearing spectacles since age 3. VODS reported to have al-
ways been subnormal. No record of premature birth or neonatal oxygen ad-

ministration.
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Ophthalmological examination

Visual acuity VOD: S — 1.25/Cyl. — 1.5 axis 20° 0.6.
VOS: S — 3.0/Cyl. — 0.25 axis 25° 0.4.
Eye position Straight.
Anterior segments ODS: Normal.
Vitreous ODS: Retrolental vitreous of normal structure,

without cells. The preretinal vitreous in the tem-
poral fundus periphery shows slight turbidities.

Fundi ODS: In the posterior poles, the small vessels in-
ferior and superior to the macula show no peri-
macular curvature but take an abnormally
stretched course in temporal direction. Both
maculae show slight ectopia in the same direction.
Temporal to both posterior poles, numerous vas-
cular branches are closely packed in the retina.
Some are very tortuous. These vessels terminate
abruptly in a whitish zone near the equator. Peri-
pheral to this zone, which is particularly distinct
in the right fundus, no vessels are visible in the
retina. In both fundi this avascular retinal por-
tion shows small circular defects. A minor retinal
haemorrhage is visible in the left fundus near the
equator at the level of the 4 o’clock meridian
(Figure 38). No exudates.

Figure 38 (V-41). Left eye. Minor retinal haemorrhage at the level of the most peripheral
ramifications.
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Figure 39 (V41). Right eye. Hyperfluorescence of the disc in the late phase of fluorescein

angiography.

Fluorescein angiogram

ERG

EOG

OD: The retinal vasculature terminates temporally
in aberrant ramifications which leak fluorescein.
The peripheral retina outside the equator is avas-
cular. Near the 9 o’clock meridian the avascular
zone even extends locally in central direction to
a level posterior to the equator. At one site, in-
tensive fluorescein leakage is seen from a small
neovascularization just outside the zone of the
terminal ramifications of the retinal vasculature.
No leakage in the macular region, but the disc is
hyperfluorescent in the late phase (Figure 39).
OS: Late exposures of the temporal periphery
show changes similar to those found in the right
fundus. Here, too, a large portion of the peri-
pheral retina is non-perfused, and locally the avas-
cular zone even extends to slightly central to the
equator (Figure 40). No neovascularizations. In
the late phase the disc is hyperfluorescent.
OD: Scotopic b-wave: 230uV.

Photopic b-wave: 30 uV.
OS: Scotopic b-wave: 310uV.

Photopic b-wave: 50uV.
OD: Lp/Dt 190; Dt 400uV.
OS: Lp/Dt 212; Dt 400uV.
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Figure 40 (V41). Left eye. Near 3 o’clock, the avascular retinal periphery extends central
to the equator.

Dark adaptation Binocular: Normal.
Colour vision ODS: Normal.
Follow-up

Visual acuity, media and fundi were unchanged at re-examination after 37
months. The fluorescein angiogram was likewise unchanged.

Conclusion
Bilateral retinal vascular changes consistent with a diagnosis of DEVR.

Subject V-52 (05-09-57)

History

Since 1972 our department has known this young woman to be suffering
from severe bilateral proliferative retinopathy of uncertain aetiology. Conver-
gent strabismus OD was diagnosed at age 6; one year later VOD proved to be
0.3, and extensive fundus changes were found in this eye. General health was
good. The patient had been prematurely born as one of a pair of twins. The
twin brother died within a few weeks of birth. The exact duration of the
pregnancy is not known. The patient’s birth weight was 2500 g. After birth
she was placed in an incubator for a total of six weeks. Her condition during
this period is reported not always to have been good, and it seems likely that
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a relatively large amount of oxygen was administered (which concentrations
and during which periods?). The frequency of blood analyses is unknown, as
are the values found. The patient’s relationship to the previously described
persons was not discovered until the family study was virtually completed.

Ophthalmological examination (1972)

Visual acuity VOD: 0.5/60.
VOS: S+ 2.51.0.
Eye position Convergent strabismus OD.
Intraocular pressure OD: 8/7.5
0S: 8/7.5 (Schigtz tonometer).
Anterior segments OD: The aqueous humour shows an unmistak-

able positive flare and some cells. Some subcap-
sular cataract formation.

OS: Normal.
Vitreous OD: Strands and membranes. Many cells.
OS: Normal.
Fundi OD: In the posterior pole there are gross scars in

the retina, which is partly detached. Haemorr-
hages and fibrovascular proliferations in the tem-
poral periphery.

OS: The posterior pole presents a normal appear-
ance. Some preretinal haemorrhages are visible in
the inferior temporal sector.

Figure 41 (V-52). Left eye. Fluorescein angiogram. The arteriovenous phase shows
non-perfusion of the retina anterior to the temporal equator and a neovascularization of
fair size, supplied by an artery with a wide lumen.
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Figure 42 (V-52). Left eye. Fluorescein angiogram. A few seconds later than in Figure
41, intensive leakage from the neovascularization is visible.

Fluorescein angiogram OS: In the early phase, the retinal vasculature
near 4 o’clock terminates in small, blind-ending
ramifications near the equator. Immediately peri-
pheral to this a preretinal vascular proliferation is
supplied by an arteriole of fair size (Figure 41).
Intensive fluorescein leakage from the neovascul-
arization within a few seconds (Figure 42).

Therapy

Intensive coagulation of the equatorial zone between 2 and 5 o’clock and
direct treatment of the neovascularization with the Xenon arc coagulator. No
complications.

Fluorescein angiogram OS: The coagulations have almost totally des-
(1975) troyed the neovascularizations. The vascular bed
of the retina is of reduced density central to the
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Figure 43 (V-52). Left eye. Coagulation has totally destroyed the neovascularization.
The capillary bed of the retina central to the scars is of abnormal structure and shows
blind-ending vascular buds.

coagulation scars. Several capillaries end blindly
in saccular dilatations or small vascular loops
(Figure 43). The posterior pole is intact and
shows no fluorescein leakage in the late phase.

Further course (until 1980)

The condition of the retina OS remains good. VOS remains 1.0. Up to 1974
the right eye has gradually developed total retinal detachment as a result of
traction and subretinal exudation. There is no longer any light perception.

General and internal examination.

An extensive clinical examination was made. General physical examination
revealed nothing abnormal. Routine haematological and coagulation studies
yielded entirely normal findings.
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Conclusion

The fluorescein angiogram of the left fundus suggests a disorder of the peri-
pheral retinal vascularization, complicated by secondary vascular prolifer-
ations. In the right eye the latter have led to total retinal detachment. The
vascular lesions may be due to neonatal oxygen administration or result
from DEVR. It is also possible that both have played a role in the patho-
genesis.

Subject IV-20 (20-01-29)
History
No visual complaints and no record of premature birth or neonatal oxygen

administration.

Ophthalmological examination

Visual acuity VOD: S + 0.75/Cyl. — 0.25 axis 30° 0.8.
VOS: S+ 1.01.0.

Eye position Straight

Intraocular pressure ODS: 15 mm Hg.

Anterior segments ODS: Normal.

Vitreous ODS: Normal structure. no cells.

Fundi ODS: Normal posterior pole. No distinct changes
at indirect ophthalmoscopy of the periphery of
both fundi.

Figure 44 (IV-20). Right eye. Slight leakage in the temporal sector of the retina shortly
after the arteriovenous phase of the angiogram (arrows).
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Fluorescein angiogram OD: Early exposures of the temporal equatorial

zone near 9 o’clock show slight dilatations of
several capillaries. The capillary network in this
region is of fairly low density. Soon, there is
some slight fluorescein leakage from a few capil-
laries and from a segment of a small venous
branch near the equator (Figure 44). No evidence
of an avascular zone in the peripheral retina.
OS: The peripheral exposures are of insufficient
quality for proper evaluation. As in OD, the disc
shows some hyperfluorescence in the late phase,
and there is no leakage in the macular region.

Conclusion

Slightly subnormal visual acuity and slight vascular changes of the peripheral
retina of the right eye. It is possible (but not certain) that the changes repre-
sent a mild manifestation of DEVR.

3.3 The B family

Figure 45. Pedigree of the B family.

Introduction

In October 1978 the proband of this family was referred to the University of
Nijmegen Department of Ophthalmology in view of bilateral total retinal de-
tachment with a very poor prognosis. The fundi of this 14-year-old girl
showed such distinct abnormalities that we decided to submit the other family
members to ophthalmological examination. In the proband’s mother and her
older brother and sister, this examination disclosed unmistakable changes
which confirmed a diagnosis of DEVR. Unfortunately, we failed to convince
the parents of the importance of examining the remaining children.
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Proband II1-5 (11-07-64)

History

This 14-year-old girl was transferred to our department from another univer-
sity hospital, for operative treatment of bilateral retinal detachment. She was
reported to have had visual complaints since no more than a month. Previously,
the parents had never noticed anything out of the ordinary so far as her eyes
or eyesight were concerned. The eldest brother reportedly had one blind eye,
but no other eye abnormalities were said to exist in the family. During an in-
terview with the parents, they were found to show a marked tendency to dis-
simulate ailments. The history was consequently regarded as unreliable. The
girl’s general health was believed to be good, apart from complaints about
headaches. There was no record of premature birth or neonatal oxygen ad-
ministration. Apart from medication with prednisone (40 mg every other day)
and amoxicillin (3 x 375 mg/day), the girl had received no medication or oper-
ative ophthalmological therapy prior to admission to our department.

Ophthalmological examination

Visual acuity VOD: Light perception
VOS: 1/60.
Intraocular pressure OD: 7mm Hg.
0OS: 10 mm Hg.
Eye position Divergent strabismus OD; no nystagmus.
Anterior segments ODS: The corneae are clear. The vitreous con-

tains cells and shows a flare (Tyndall phenome-
non). The lenses are clear and show no luxation.

Vitreous ODS: The vitreous contains many pigment part-
icles and cells. Many membranes are visible
throughout the vitreous space, but especially in
the preretinal part.

Fundi OD: Total detachment of the retina, which pro-
trudes into the central part of the vitreous
space. Between 11 and 1 o’clock, the retina
shows a very large rupture from the extreme fun-
dus periphery to immediately superior to the pos-
terior pole. The central boundary of this rupture
is a thick ridge of curled-up retina (Figure 46).
Particularly in the inferior quadrant, the retina
shows whitish structures and is thickened, prob-
ably as a result of glia proliferations. The vascular
pattern temporal and inferior to the posterior
pole is abnormal: there are stikingly numerous
tortuous retinal vessels with a more or less parallel
course (Figure 47). It is difficult to observe the
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Figure 46 (III-5). OD. Large retinal rupture in the superior quadrants.

retinal vessels in the temporal fundus periphery,
due to preretinal vitreous membranes in this re-
gion. No distinct exudates of vascular prolifer-
ations are visible.

OS: Like OD, this eye shows total detachment of
the retina, which protrudesinto the vitreous space
superior and inferior to the posterior pole. The
centre of the retina shows a fairly flat detachment.
Around the posterior pole the posterior vitreous
seems detached. Along the boundary of this de-
tachment there is pronounced traction due to
fibrous organization of the posterior vitreous
membrane. The temporal retinal periphery shows
striking vascular lesions: numerous vascular
branches terminate abruptly slightly central to
the equator. From this site arise large, sea fanlike
vascular proliferations localized anterior to the
peripheral retina. Some of these have caused mi-
nor haemorrhages (Figure 48). In some areas
these neovascularizations show distinct fibrotic
organization. The temporal retinal periphery, so
far as visible, is avascular. Large subneuroretinal
exudates are visible in the temporal and superior
nasal areas (Figure 49). No distinct retinal de-
fects are visible,
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Figure 47 (III-5). Stereo-photograph OD. Total retinal detachment. The course of the
retinal vessels is strikingly parallel.

ERG As expected in total retinal detachment, responses
are hardly recordable. Only from the left eye can
minimal potentials be derived.

EOG OD: Lp/Dt 116.
OS: Lp/Dt 108.
Ultrascanography A-scan and B-scan confirm total retinal detach-

ment with extensive vitreous membranes.

General physical examination
History No complaints apart from intermittent headaches.

Figure 48 (III-5). Stereo-photograph OS. Large neovascularizations arise from the central
boundary of the avascular retina. The vessels extend anterior to the retina.
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Figure 49 (III-5). OS. Composition of the vascular changes in the inferior temporal quad-
rant. Large subretinal exudates are partly visible (top).
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Examination

Radiology

ECG

Laboratory findings

Plasma electrolytes
Serum levels

Enzymes

Hb electrophoresis
Total protein

Serum protein spectrum
AST

Rose test

Latex

ANF

Toxoplasma

Toxocara
Ascaris
Mantoux test

Reportedly no serious illness in the patient’s his-
tory. Family: Hypertension reportedly exists in
the mother’s family.

A slender, rather slight girl without conspicuous
features in general habitus. Blood pressure 140/
85 (RR); pulse rate 80/min, regular. Head and
neck: Small congenital haemangioma of the
lower lip on the right side. The teeth are carious
despite dental care during the previous stay in
hospital. A few teeth have been extracted. Chest:
Apart from a soft systolic souffle which seems
functional, no cardiac or pulmonary changes. Ab-
domen: Normal. Spine: Lumbar scoliosis. Ex-
tremities: Normal.

Chest X-ray: Normal. Dentition: No changes of
mandibular or maxillary dentition other than ab-
sence of a few teeth. Paranasal sinuses: Normal.

Orbits: Normal.
No distinct changes other than a slightly short-

ened R-S time.

Leucocyte count 7000/mm?

ESR 3 mm in the first hour.

Hb 9.2 mmol/l.

Haematocrit 0.44

Platelets 228 000/mm? .

Differentation: neutrophils 57, eosinophils 2,
basophils 1, lymphocytes 39, monocytes 1.

Na 140. K 4.38. C1 102. HCO; 30.

Glucose (fasting) 4.4 mmol/l. Urea 5.15 mmol/l.
Creatinine 57 mmol/l.

CPK 2 U/1. LDH 161 U/1. Alkaline phosphatase
108 U/L.

No abnormal haemoglobin demonstrable.

69 g/l.

Normal.

300U.

Negative.

Negative.

Negative.

Immunofluorescene negative. Complement fix-
ation test negative.

Complement fixation test negative.

Complement fixation test negative.

Negative.
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Urine Glucose negative. Acetone negative.

24-hour urine Creatinine 6.7mmol/l. Homocystine negative.
Hydroxyproline 494 umol/l.

Coagulation studies Bleeding time (Ivy): 2min 1 sec — 3 min 55 sec —
2 min 58 sec.

Coagulation time (Lee-White): 6 min 25sec —
6 min 35 sec — 7min 6 sec.

Thromboplastin time (Quick): 13 sec — 13 sec.
Thrombotest (Owren): more than 100%.
Cephalin-kaolin time (Langdell-Margolis): 30 sec
— 29sec.

Fibrinogen content (Clauss-Vermijlen):

3555 mg/l.

Thrombin time: 24 sec — 23 sec.

Therapy

An operation was performed on the right eye 10 days after admission. Via the
pars plana, a vitrectomy was performed at which the many tough vitreous
strands were removed. Again via the pars plana, silicon oil was then introduced
into the vitreous space. At the same time, subretinal fluid was drained off via
a puncture in the equatorial sclera near the 9 o’clock position. During this
procedure, silicon oil leaked through the large retinal defect, and unfortun-
ately this subretinal oil could not be properly removed. The subretinal silicon
oil caused persistence of virtually total retinal detachment after the operation.
In view of the poor prognosis of a second operation, this was not performed.
An operation on the left eye was contemplated but, after discussion of the
chances with the parents, not performed. Shortly after discharge from our
hospital, the patient was transferred to a home for visually handicapped
children.

Subject III-2 (30-03-55)

History

This 23-year-old eldest brother of the proband reportedly had had poor visual
acuity in the left eye from the start. By about age 7, the left eye was reported
to have become totally blind. As long as the patient can remember, VOD has
never been adequate and may have further diminished in the past few years.
In the course of childhood an ophthalmologist prescribed correcting spec-
tacles. No ophthalmological treatment of any kind has been given. The pre-
viously established diagnosis is unknown. Birth weight is unknown but there
is no record of premature birth or neonatal oxygen administration. At age 17
the patient was hospitalized, reportedly for meningitis. Moderate hyper-
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Figure S0 (III-2). OS. Totally cataractous, atrophic lens.

tension was diagnosed a few years before we saw this patient, and for this
reason he was using Moduretic and Temesta tablets.

Ophthalmological examination

Visual acuity
Intraocular pressure

Eye pesition
Anterior segments

Vitreous

VOD: S —6.50.5.

VOS: no light perception.

ODS: 12mm Hg.

Divergent strabismus OS. No nystagmus.

OD: Normal.

OS: Incipient band keratopathy near the corneal
limbus. The aqueous humour shows no flare and
contains no cells. The pupil shows no direct res-
ponse to light. There is some atrophy of the pig-
mented layer of the iris, but no synechiae are
visible. The lens is totally cataractous, and shows
atrophy of the anterior lens capsule and calcifi-
cations (Figure 50). As a result of this atrophy, it
is possible to look past the superior nasal side of
the lens into the vitreous space.

OD: there is a rather ropey structure with some
liquefaction. The posterior vitreous membrane is
detached from the retina and shows delicate circ-
ular opacities.
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Figure 51 (III-2). OD. Fluorescein angiogram. Composition of the temporal equatorial
zone shows numerous vascular ramifications ending abruptly. Fluorescein leakage from a
small neovascularization.

0OS: Only the superior nasal part of the anterior
vitreous space can be observed. Here, the vitreous
shows cells and a thick fibrovascular tissue mass.
Fundi OD: The choroid shows an atrophic area on the
temporal side of the disc. The temporal vascular
branches take a strikingly stretched course from
the disc, radiating to the fundus periphery. The
macula shows slight ectopia in the inferior tem-
poral sector, numerous closely packed branches
of retina vessels are visible. At the level of the
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Fluorescein angiogram

Ultrasonography

General condition

equator these branches terminate abruptly (non-
vascularization of the peripheral retina). The
boundary between the vascular and the avascular
part of the retina meanders slightly and roughly
follows the course of the equator. In the superior
and in the inferior part of the fundus, this boun-
dary gradually extends in the direction of the ex-
treme periphery, where it disappears from view.
There are no defects or exudates.

OS: This fundus is not adequately visible due to
the media opacities.

OD: The above described abnormal vascular pat-
tern in the inferior temporal quadrant of the ret-
ina is readily visible (Figure 51). The vasculature
terminates abruptly in delicate irregular ramific-
ations showing dilation of some capillaries, from
which fluorescein is seen to leak in the late phase.
The peripheral retina shows no perfusion whatso-
ever in the area photographed. Pigmented layer
and choroid show no changes in the peripheral
fundus. Just outside the most peripheral zone of
the retinal vessels there is a small network of neo-
vascularization from which fairly marked fluore-
scein leakage is seen. The late phase shows very
slight fluorescein leakage in the centre of the pos-
terior pole.

OD: The axis length is 28 mm (A-scan).

OS: The axis length is 20 mm. The entire vitreous
space contains organizations in which the retina
can no longer be identified. The sclera of the pos-
terior pole is thickened and contains calcium.

A few months prior to the last ophthalmological examination the patient was
admitted to a department of internal medicine with acute arthritic symptoms
and fever. An exhaustive examination failed to elicit the cause of the acute
polyarthritis. This examination disclosed no congenital abnormalities or any
other changes possibly related to his eye condition.

Therapy

At the hospital in his place of residence the patient was treated on several oc-
casions by Argon laser coagulation in the temporal periphery of the right fun-
dus. No complications developed.
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Course

We saw this patient again about two years after our first examination. Visual
acuity was unchanged. In the temporal fundus periphery the avascular part of
the retina contained several coagulation scars. The small neovascularization
was no longer visible. The fundus features were otherwise unchanged. We dis-
cussed the possibility of a cosmetic lens extraction, with anterior vitrectomy
if necessary, and correction of the strabismus OS.

Conclusion
Dominant exudative vitreoretinopathy. Severe proliferative vitreous organiz-
ations with total retinal detachment OS

Subject I1-1 (27-03-54),

History

No visual complaints. No record of ophthalmological examination. Birth
weight unknown. No history of premature birth or neonatal oxygen admini-

stration. Good general health.

Ophthalmological examination

Visual acuity VOD: C — 0.25 axis 0° 0.8.
VOS: C — 0.5 axis 0° 0.8.
Eye position Straight.
Anterior segments ODS: Normal.
Vitreous ODS: Normal structure of the retrolental vitreous,

although it contains some cells. Slight vitreous
opacities immediately preretinal in the temporal
periphery of both fundi.

Fundi ODS: Slightly abnormal configuration of, in par-
ticular, the temporal branches of the retinal ves-
sels in the posterior pole: the normal curvature
round the posterior pole is slightly diminished,
and the maculae show some ectopia in temporal
direction. The temporal retinal periphery shows
no retinal vasculature. No exudates or retinal de-
fects.

Fluorescein angiogram OD: In the temporal equatorial zone, the retinal
vasculature terminates in short aberrant ramitic-
ations from which some fluorescein leaks. No ab-
normalities of the pigmented layer and choroid.
No leakage in the macular region, but the disc
shows marked hyperfluorescence in the late
phase (Figure 52).

OS: The temporal retina is perfused only as far as
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Figure 52 (I1I-1). OD. Late phase of the angiogram shows hyperfluorescence of the disc.
The retinal vasculature is slightly deformed.

Visual fields (Goldmann)

Ultrasonography

Conclusion

the equator. The most peripheral zone of the vas-
culature consists of aberrant vascular loops and
blind-ending small vessels which are often slightly
dilatated and leak fluorescein (Figure 53).Out-
side this area the avascular retina shows a small
cicatrix of the pigmented layer, but no other
changes of RPE and choroid are visible. The disc
shows marked hyperfluorescence in the late
phase, but there is no leakage in the macular
region.

ODS: Slight limitation of the III4 isopter in the
inferior nasal quadrant. No other changes.

ODS: Axis length of both eyeballs 23 mm (A-
scan). Normal curvature of the posterior pole.

Unmistakable symptoms of DEVR in the fundus periphery ODS. No compli-

cations.
Subject 1I-2 (27-05-34)

History

This 44-year-old mother of the proband had no history of visual complaints;
there was no record of previous ophthalmological examination.
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Figure 53 (III-1). OS. The angiogram shows aberrant ramifications of retinal vessels cen-
tral to the zone of non-perfusion.

Ophthalmological examination

Unfortunately, a complete ophthalmological examination could not be made.

The examination was limited to indirect ophthalmoscopy of the fundus.

Colour photographs of the fundi were also made. On the basis of the findings

thus obtained, however, DEVR could be diagnosed with certainty.

Fundi In the posterior poles of both fundi the temporal
branches of the central retinal artery and vein
show an abnormally stretched course in temporal
direction. Both maculae show some ectopia in in-
ferior temporal direction (Figure 54). The disc
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Figure 54 (II-2). OS. Stretched vessels in the posterior pole of the retina and slight ectopia
of the macula. (The dark spot above the macula is a photographic artefact.)

OD shows a temporal cone. The peripheral retina
ODS is not completely vascularized on the tem-
poral side. The avascular part contains delicate
pigmentations. Central to the equator, the inferior
temporal vascular retina shows a fair sized tear.
At the site of this defect, the retina is lightly ele-
vated by traction (Figure 55). No visible neovas-
cularizations or subretinal exudates.

Figure 55 (II-2). Stereo-photograph OD. Retinal tear central to the equator in inferior
temporal quadrant.
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Course

Further examination or treatment was impossible due to lack of motivation
on the part of the patient.

Conclusion

Unmistakable bilateral retinal vascular changes consistent with a diagnosis of
DEVR. Horseshoe tear in the retina OD.

3.4 The C family
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Figure 56. Pedigree of the C family.
Introduction

The proband of this family was identified by chance during the study of the
A family. The proband’s father (IV-2 in the pedigree of the A family) showed
no distinct symptoms of DEVR, but the proband’s mother was found to
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show unmistakable symptoms of DEVR in both eyes. A relationship between
the proband’s mother and the A family was not demonstrable through three
preceding generations. This is why a separate pedigree was composed. Con-
sequently the code of the proband of the C family and his mother’s code
differ from their respective codes in the pedigree of the A family (vide infra).
It is quite possible that the A family and the C family are related via ancestors:
both families come from the same region in The Netherlands, which until
recently has been rather isolated. No exhaustive genealogical study of the two
families has so far been performed.

Proband IV-28 (18-04-56) — Code in the A family: V-2

History
No visual complaints. Ophthalmological examination was performed in view

of a blood relationship to the A family via the father, No record of premature
birth or neonatal oxygen administration.

Ophthalmological examination

Visual acuity VOD: S+ 0.5.1.25
VOS: S+ 0.5.1.25
Eye position Straight. Positive kappa angle.
Anterior segments ODS: Normal.
Vitreous ODS: Hyaloid canal clearly visible due to delicate

condensations. Vitreous structure otherwise nor-
mal. No signs of a persistent hyaloid artery.

Fundi ODS: Disc and macula present a normal appear-
ance. The configuration of the retinal vessels in
the posterior pole is normal. Both maculae are
localized slightly superior to the horizontal meri-
dian through the disc centre, but there is no dis-
tinct ectopia. Numerous ramifications of retinal
vessels are localized in the area central to the tem-
poral equator. The arterioles in this area show a
decidedly stretched course, and several venules
are abnormally tortuous. These vessels terminate
abruptly anterior to the equator, leaving the peri-
pheral retina avascular at this site. The nasal peri-
phery of the retina shows an intact vasculature.
No exudates, neovascularizations or defects of
the retina.

Fluorescein angiogram OD: The early phase reveals no changes in the
posterior pole. The temporal retinal periphery is
not perfused. An arteriovenous anastomosis ex-
tends over a short distance along the boundary
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Figure §7 (IV-28). OD. Some fluorescein leakage in the late phase of the angiogram frqm
a few arterioles central to the equator. Some tortuous venous branches. Note the arterio-

venous anastomosis (arrow).

Conclusion

between the avascular and the vascular retina
(Figure 57). Fluorescein leakage in the liminal
zone is slight. The disc is hyperfluorescent in the
late phase.

OS: The abnormal configuration of retinal vessels
and the tortuous course of some venules are
clearly visible (Figure 58). The slightly more peri-
pheral exposures show the termination of the ret-
inal vessels anterior to the equator, and fluore-
scein leakage from these vessels. The disc is very
hyperfluorescent in the late phase, and there is
even some fluorescein leakage in the surrounding
retina (Figure 59).

Unmistakable vascular changes in the temporal retinal periphery ODS, con-
sistent with a diagnosis of DEVR.
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Figure 58 (IV-28). OS. Fluorescein angiogram reveals tortuous venous branches.

Figure 59 (IV-28). OS. Marked hyperfluorescence of the disc in the late phase of the
angiogram.
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Subject III-10 (27-06-27) — Code in the A family: IV-3
History
No visual complaints. Strabismus corrected in childhood (preoperative eye

position and type of operation unknown). Birth weight unknown, but no
record of premature birth or neonatal oxygen administration.

Ophthalmological examination

Visual acuity VOD: S + 5.0/Cyl. — 2.0 axis 15° 0.6.
VOS: S +4.50.8.
Eye position Straight. Wide positive kappa angle.
Anterior segments ODS: Normal.
Vitreous ODS: Normal structure, no cells.
Fundi ODS: In the posterior poles the temporal vascu-

lar branches take an abnormally stretched course
in temporal direction. Both maculae show some
ectopia in temporal direction. The retina be-
tween the posterior pole and the temporal equa-
tor contains an abnormally large number of ves-
sels with a strikingly parallel course. Several ven-
ules in this area are abnormally tortuous. Slightly
peripheral to the temporal equator, the retinal
vessels terminate in aberrant ramifications, which
form a circumscribed zone adjacent to the avas-
cular part of the retina localized peripheral to
them. The avascular retina shows some white
without pressure. In OS, the inferior temporal
sector of this part of the retina shows a few small
exudates, immediately peripheral to the terminal
ramifications. There are no retinal defects or neo-
vascularizations.

Conclusion
Unmistakable bilateral peripheral retinal vascular changes consistent with a
diagnosis of DEVR.

Subject I11-3 (24-09-19)

History
No visual complaints. Birth weight unknown. No record of premature birth.

Ophthalmological examination
Visual acuity VOD: 1.0, uncorrected.
VOS: 1.0 with correction (refraction unknown).
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Eye position
Anterior segments
Vitreous

Fundi

Conclusion

Straight.

ODS: Normal.

ODS: Normal.

OD: Normal posterior pole. In the temporal eg-
uatorial zone between 8 and 10 o’clock there are
numerous small retinal vessels, taking a more or
less parallel course in radial direction. The small
venous branches in this area are very slightly tor-
tuous. Anterior to the equator, the vessels in this
area cannot be followed entirely. There are no
exudates or defects in the retina.

OS: Normal posterior pole. Posterior to the tem-
poral equator, between 2 and 4 o’clock, abnorm-
ally numerous small retinal vessels take a radial
course. The small venous branches in this area are
abnormally tortuous. The retinal vessels termi-
nate abruptly peripheral to the equator. At 3 o’
clock the boundary between the vascular and the
avascular part of the retina shows a wedge-shaped
notch, where the latter part extends farther in
posterior direction. Many delicate superficial pig-
mentations are visible in the avascular retinal
periphery. As in OD, the nasal retinal periphery
(so far as visible) is normally vascularized. No ret-
inal defects, exudates or neovascularizations.

Slight peripheral fundus changes ODS, consistent with a diagnosis of uncom-

plicated DEVR.

Subject IV-7 (12-11-50)

History

No visual complaints. Birth weight was about 2250 g. No record of neonatal
oxygen administration. Patient is one of a pair of dizygotic twins,

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

VOD: 0.6., uncorrected.

VOS: S —2.250.8.

Straight.

ODS: Normal.

ODS: Normal structure, no cells.

ODS: Normal appearance of the posterior poles.
Central to the temporal equator the small retinal
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vessels show a somewhat stretched course with
some multiple ramifications at the level of the
equator, Peripheral to the temporal equator, no
abruptly terminating vascular branches are visible,
but the luminal width of the vessels in this area
may have been too small to render them visible
with the contact lens. The fundus periphery
shows no pigmentations, defects or other lesions
of the retina.

Conclusion

Slightly abnormal VODS, anisometropia and very slight anomalies of the ret-
inal vasculature of the peripheral fundi. The findings are suggestive, but not
conclusive, of a very mild manifestation of DEVR.

Subject 114 (31-10-22)

History
No visual complaints. Good general health. Birth weight unknown.

Ophthalmological examination

Visual acuity VOD: 1.0, uncorrected.
VOS: 1.0, uncorrected.

Eye position Straight.

Intraocular pressure OD: 14mm Hg.
OS: 15 mm Hg.

Anterior segments ODS: Normal.

Vitreous ODS: No anomalies apart from slight liquefac-
tion.

Fundi ODS: Slightly abnormal configuration of the ret-

inal vessels in the posterior poles: the temporal
branches take a slightly too stretched course
from the disc. The maculae seems slightly ec-
topic. Temporal to the posterior poles there are
fairly numerous ramifications of somewhat pecu-
liar orientation. In the fundus OD, a large ramifi-
cation of the superior temporal artery traverses
across the terminal ramifications of the inferior
temporal vein (Figure 60). In the temporal retinal
periphery the vasculature terminates peripheral
to the equator in both eyes. The nasal periphery
shows intact vascularization. No exudates, defects
or neovascularizations in the peripheral retina.
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Figure 60 (III4). OD. Abnormal configuration of retinal vessels temporal to the posterior
pole. A ramification of the superior temporal artery traverses across ramifications of the
inferior temporal vein (arrow).

Conclusion
Bilateral retinal vascular changes consistent with a diagnosis of DEVR.

Subject IV-12 (23-08-55)

History
Poor VOD from the start. In infancy, occlusion treatment OS for a few
months, but without success. No strabismus correction by operation or cor-
rective spectacles. No record of premature birth of neonatal oxygen admini-
stration.

Ophthalmological examination

Visual acuity VOD: 2/60.
VOS: S—0.51.0.

Cylcoplegic refraction OD: S —1.75.

0S:S—1.0.
Eye position Convergent strabismus OD, about 10°.
Anterior segments ODS: Normal.
Vitreous ODS: Normal structure, no cells.
Fundi OD: Normal disc and macula. Normal pattern of

retinal vessels in the posterior pole. Temporal to
the posterior pole, numerous vascular branches
extend more or less parallel in temporal direction.
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Several smaller ramifications of these vessels, and
especially of the venules, are abnormally tortuous
near the equator. Between 8 and 10 o’clock, all
small retinal vessels terminate abruptly slightly
peripheral to the equator, so that the peripheral
retina in this sector is entirely avascular.

OS: Normal posterior pole. The vascular pattern
of the equatorial retina in the temporal periphery
is virtually identical to that in OD. The temporal
retinal periphery in the sector between 2 and 4 o’
clock, and possibly beyond, is avascular. No pig-
mentations or defects in the avascular part of the
retina.

Conclusion
Peripheral retinal vascular changes consistent with a diagnosis of DEVR. Con-
vergent strabismus and amblyopia OD.

Subject I1I-5 (31-07-24)

History

Poor VOS from the start. In childhood, examined by several ophthalmologists;
corrective spectacles prescribed. Not known whether amblyopia treatment

was given. Strabismus operation not performed.

Ophthalmological examination

Visual acuity VOD: S + 5.0/Cyl. — 3.5 axis 15° 0.8.
VOS: S + 5.5/Cyl. — 4.0 axis 155° 0.2.
Intraocular pressure ODS: 14 mm Hg.
Eye position Convergent strabismus OS, about 3°.
Anterior segments ODS: Normal.
Vitreous ODS: Normal structure, no cells.
Fundi ODS: Normal posterior poles. Temporal to the

posterior poles an abnormal number of small vas-
cular branches take a stretched course in tem-
poral direction. Some venous ramifications in the
equatorial zone show delicate, corkscrewlike tor-
tuosities. In the area peripheral to the equator
in OD and near 3 o’clock in OS, the extreme
ramifications of the retinal vessels terminate ab-
ruptly. The retina peripheral to these ramific-
ations is avascular in both eyes and in both fundi
shows several gross superficial pigmentations.
The nasal fundus periphery, so far as visible,
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Conclusion

seems to show a normal retinal vascularization.
No retinal defects or neovascularizations.

Bilateral peripheral retinal vascular changes consistent with a diagnosis of
DEVR. Hypermetropic astigmatism ODS. Convergent strabismus OS and

amblyopia OS.
Subject IV-15 (30-01-61)

History

No visual complaints. No record of premature birth or neonatal oxygen ad-
ministration. Good general health.

Ophthalmological examination

Visual acuity
Eye position
Anterior segments

Vitreous

Fundi

Conclusion

VOD: 1.0., uncorrected.

VOS: 1.0, uncorrected.

Straight.

ODS: Normal.

ODS: Normal structure, but with some delicate
whitish particles.

ODS: Slight ectopia of the maculae in temporal
direction. Retinal vessels somewhat stretched and
orientated to the 9 o’clock position in OD and to
the 3 o’clock position in OS. Due to the parallel
course of the vessels and their ramifications, the
neuroretina is abundantly vascularized in the
mid-periphery near the abovementioned posi-
tions. The smaller veins in this area are tortuous.
Peripheral to the equator the smallest ramific-
ations terminate rather abruptly (local retinal
periphery is avascular). No defects or degener-
ative areas in the peripheral retina.

Slight changes of the peripheral retinal vasculature, consistent with a diag-

nosis of DEVR.

Subject IV-16 (26-11-57)

History

VOS is reported to have always been slightly diminished. In childhood the
patient was reportedly examined ophthalmologically but no amblyopia treat-
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ment was given. The birth weight was about 3500 g. No record of neonatal
oxygen administration. Good general health.

Ophthalmological examination

Visual acuity VOD: 1.0, uncorrected.
VOS: S+ 1.5/Cyl. — 1.0 axis 175° 0.8.
Eye position Straight.
Anterior segments ODS: Normal.
Vitreous ODS: Normal structure, no cells.
Fundi ODS: In both posterior poles, diminished curva-

ture of the large temporal vessels pericentrally.
Both maculae show slight ectopia in temporal
direction. Some retinal vessels in the temporal
mid-periphery show a rather irregular tortuous
course. In the inferior temporal quadrant, it is
only just distinguishable that a few peripheral
vascular branches terminate abruptly in a few
short terminal ramifications distinctly anterior to
the equator. The extreme retinal periphery in
these quadrants is avascular but otherwise pre-
~sents a normal appearance. Nowhere else in the
fundi are peripheral degenerative changes, exud-
ates or neovascularizations of the retina seen.

Conclusion

Slight bilateral peripheral retinal vascular changes consistent with a diagnosis
of DEVR. Slight anisometropia and slightly subnormal VOS.

Subject III-6 (21-12-25)

History

No visual complaints. No record of premature birth or neonatal oxygen ad-

ministration.

Ophthalmological examination

Visual acuity VOD: S + 0.5.0.8.
VOS: S+ 0.50.8.
Eye position Straight.
Anterior segments ODS: Normal.
Vitreous ODS: Normal structure, no cells.
Fundi ODS: The retinal vessels in the posterior pole are

slightly stretched, especially in OS (Figure 61).
The macular zones ODS contain delicate drusen-
like translucencies. Central to the temporal
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equator ODS, an increased number of vascular
ramifications take a more or less parallel course
in temporal direction (Figure 62). They terminate
abruptly anterior to the temporal equator. The
avascular retinal periphery OS shows no unusual
features, but in OD it assumes a whitish colour
near 4 o’clock. No retinal defects, exudates or
neovascularizations.

Conclusion
Bilateral retinal vascular changes consistent with a diagnosis of DEVR.

Subject IV-17 (19-10-58)

History
No visual complaints. Birth weight 4500 g. No neonatal oxygen administration.

Ophthalmological examination

Visual acuity VOD: S — 1.0/Cyl. —0.25 axis 110° 0.8.
VOS: S — 0.5/Cyl. — 0.5 axis 90° 1.0.
Eye position Straight.
Anterior segments ODS: Normal.
Vitreous Normal structure, no cells.
Fundi ODS: Normal posterior poles. Vascular pattern

‘temporal to the posterior poles likewise normal.
Peripheral to the equator on the temporal side,
some small ramifications of retinal vessels show
slight anomalies: some curve abruptly and take a
course more or less paralle]l to the ora serrata, to
ramify into terminal branches of insufficient lum-
inal width to be visible. Some other peripheral
retinal vessels in this area curve even further and
return to the equator, while ramifying into a few
short, hardly visible terminal branches. It cannot
be established with certainty whether the tem-
poral retinal periphery is vascularized. The fundus
periphery OS contains a pigmented cicatrix an-
terior to the equator near 3 o’clock. No other
changes are visible.

Conclusion
Minimal vascular changes in the temporal fundus periphery ODS. Probably a
very mild form of DEVR, but the diagnosis cannot be clinched.

Subject IV-19 (06-04-63)

History
No visual complaints. Birth weight about 4500 g. No neonatal oxygen admin-
istration.
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Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

Conclusion

VOD: S —2.75 0.8.

VOS: S —2.750.8.

Straight.

ODS: Normal.

ODS: Normal.

ODS: Slightly stretched temporal branches of the
retinal vessels in the posterior poles, but no dis-
tinct ectopia of the maculae. The temporal peri-
pheral retina is avascular ODS, and somewhat
whitish OS. Near 3 o’clock and 9 o’clock in OD
and OS, respectively, the avascular retina extends
in central direction to a level near the equator,
where this is bounded by aberrant ramifications
of the most peripheral retinal vessals. In OS, these
short terminal ramifications form a clearly de-
fined boundary from the avascular retinal peri-
phery, but in OD the transition from vascular to
avascular retina is less well-defined. No retinal
defects, pigmentations or neovascularizations.

Bilateral retinal vascular changes consistent with a diagnosis of DEVR.

Subject ITI-8 (06-04-31)

History

No visual complaints. No record of premature birth of neonatal oxygen

administration.

Ophthalmological examination

Visual acuity

Eye position
Intraocular pressure
Anterior segments
Vitreous

Fundi

VOD: 1.25, uncorrected.

VOS: 1.25, uncorrected.

Straight. Slightly nasal corneal reflex OS.

ODS: 15 mm Hg.

ODS: Normal.

ODS: Normal structure, no cells.

ODS: The temporal branches of the central ret-
inal artery and vein in the posterior poles show
a slightly stretched course in temporal direction.
The macula OS seems to show slight ectopia in
the same direction. Temporal to the posterior
pole ODS, an abnormally large number of vascular
branches take a more or less parallel course.
Some terminal ramifications of these vessels
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curve slightly in central direction. In the temporal
periphery OS it is just distinguishable that the
smallest ramifications end rather abruptly, so
that the more anterior part of the retina is avas-
cular. No such transition is visible in the temporal
periphery OD. No other anomalies in the fundus
periphery ODS. A pigmented retinal cicatrix is
visible just outside the large vascular branches in
the inferior temporal sector of the posterior pole
OS.

Bilateral retinal vascular changes consistent with a diagnosis of DEVR.

Subject IV-25 (26-07-63)

History

No visual complaints. Birth weight about 3000 g. No neonatal oxygen admini-

stration.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

Conclusion

VOD: 1.25, uncorrected.

VOS: 1.25, uncorrected.

Straight.

ODS: Normal.

ODS: Normal structure, no cells.

ODS: The large vessels in the posterior poles are
slightly stretched in temporal direction. The
maculae show slight ectopia. The fundus area
temporal to the posterior pole ODS contains
numerous branches of the temporal retinal vessels
arranged more or less parallel. They end in ab-
normally short terminal ramifications anterior to
the equator, so that the retinal periphery in these
parts of the fundi is avascular. The avascular ret-
ina ODS shows slight white without pressure and
delicate pigmentations. No visible retinal defects
or exudates.

Bilateral retinal vascular changes consistent with a diagnosis of DEVR.

Subject IV-26 (27-04-67)

History

No visual complaints. Birth weight about 3000 g. No neonatal oxygen admini-

stration.
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Ophthalmological examination

Visual acuity VOD: S + 0.75/Cyl. — 0.75 axis 125° 0.8.
VOS: Cyl. — 0.25 axis 160° 0.8.
Eye position Straight.
Anterior segments ODS: Normal.
Vitreous ODS: Normal structure, no cells.
Fundi ODS: The retinal vessels in the posterior poles

are slightly stretched, but the maculae show no
ectopia. Between 7 and 10 o’clock OD and be-
tween 2 and 4 o’clock OS, a distinct boundary
between avascular and vascular retina is visible
peripheral to the equator. This boundary takes a
slightly undulating course and is not visible out-
side the abovementioned sectors. The retinal ves-
sels within these sectors end in delicate multiple
ramifications on the central boundary of the avas-
cular retinal periphery. Delicate pigmentations
are visible in the avascular retina ODS, but no
other changes are observed.

Conclusion
Bilateral peripheral retinal vascular changes consistent with a diagnosis of
DEVR.

Subject IV-33 (09-05-65)

History

As early as December 1979 this boy had been referred to our department
with retinal detachment OS, which was probably of long standing because the
school medical officer had found reduced VOS 5 months earlier. Two years
earlier he had reportedly sustained a blow from a football against the left eye.
The relationship with the C family was discovered only in the course of the
family study. For this reason the examination of the peripheral fundus was
repeated and supplemented by fluorescein angiography. Moreover, two sisters
(IV-30 and IV-31), a brother (IV-32) and the father (III-11) were examined.
The general history of IV-33 was uncharacteristic. No record of premature
birth or neonatal oxygen administration.

Ophthalmological examination (preoperative, December 1979)

Visual acuity VOD: S —0.51.25.
VOS: 1/60.
Eye position Straight.
Intraocular pressure OD: 17 mm Hg.
OS: 11 mm Hg.
Vitreous OD: Normal structure, no cells.

OS: Many pigment particles.
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OD: Normal posterior pole. No degenerative
changes or defects in the retinal periphery. In the
temporal retinal periphery the smaller ramifi-
cations of the vessels anterior to the equator are
no longer visible. The more central vessels show a
normal configuration.

OS: Shifting retinal detachment in both inferior
quadrants with a large amount of subretinal fluid.
A very small circular retinal defect is visible peri-
pheral to the equator near 1 o’clock. It is local-
ized at the end of a narrow peripheral extension
of the retinal detachment. Between the 11 and
the 2 o’clock meridian, the retina is in situ. The
macula is not included in the retinal detachment.
There are several gross pigment deposits in the
periphery, but no distinct vascular anomalies are
visible.

General physical examination
No abnormal findings were obtained.

Therapy

Surgical treatment of the retinal detachment encompassed the following pro-

cedures:

10.12.79:

20-12-79:

24-03-80:

Silicone encircling; drainage of subretinal fluid; intravitreous in-
jection of balanced salt solution; episcleral buckle of superior tem-
poral quadrant. Postoperative finding: non-attachment of the
retina.

Drainage of subretinal fluid; cryocoagulations of the equatorial
sclera; insufflation of an air/SF6 gas mixture; tightening of the en-
circling loop.

Re-detachment after 6 weeks. Traction of epiretinal membranes.
Possibly minute defect inferior and central to the indentation.

Pars plana vitrectomy; internal drainage; episcleral buckle between
4 and 8 o’ clock; cryocoagulations and insufflation of an'air/SF6
gas mixture.

Re-attachment of the retina (18 months’ follow-up).

VOS: 3/60.

Fluorescein angiogram OD: The early phase focuses on the area central

to the equator, peripheral to which no distinct
retinal perfusion is visible. A marginal zone with
aberrant terminal ramifications is not visible, nor
is fluorescein leakage (Figure 63).

OS: Late exposures of the posterior pole show al-
terations of the pigmented layer and some fluore-
scein leakage from retinal vessels, probably as a
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Figure 63 (IV-33). OD. Fluorescein angiogram showing slight aberrant pattern of retinal
vessels anterior to the equator. No fluorescein leakage.

result of the retinal detachment and the surgical
procedures. The periphery is not clearly visualized.

Conclusion

Rhegmatogenous retinal detachment OS. Apparently disturbed perfusion of
the temporal retinal periphery OD. The changes are probably a manifestation
of DEVR, but the diagnosis is not quite certain.

Subject I1I-11 (10-03-25)

History
No visual complaints. No record of premature birth.

Ophthalmological examination

Visual acuity VOD: 1.0, uncorrected.
VOS: 1.0, uncorrected.
Eye position Straight.
Anterior segments ODS: Normal.
Vitreous ODS: Normal structure, no cells.
Fondi ODS: Normal posterior poles. Normal configur-

ation of retinal vessels throughout the posterior
fundi. In the temporal equatorial zone of both
fundi, a few slightly tangentially curved or even
reversing retinal vessels are seen near the horizon-
tal meridian. The retina peripheral to this area, so
far as visible, seems avascular. However, no dis-
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tinct boundary between vascular and avascular
retina is visible. No defects, exudates or degener-
ative changes in the peripheral fundi.

Conclusion

Slight bilateral peripheral retinal vascular changes, which may represent a
mild manifestation of DEVR. However, the diagnosis is not certain. Fluore-
scein angiography might supply more information on the vascular anomalies
but, in the absence of subjective symptoms, the patient’s motivation for this
examination is poor.

Subject I1I-19 (07-01-23)

History

This blind 58-year-old man was examined at his home, as he requested. VODS
has always been poor, and reading caused great difficulties in primary school.
Reported to have had severe encephalitis at age 9. Marked deterioration of
visual acuity at about age 20. Lens extraction OS at age 35?7 This was followed
by some improvement in VOS.

Ophthalmological examination

Visual acuity VODS: No light perception.

Eye position Divergent strabismus with nystagmoid move-
ments.

Anterior segments No distinct changes. Pupils do not respond to
light. Dense cataract OD, and some after-cataract
Os.

Fundi OD: No light reflex.

OS: Totally atrophic disc. Many gross pigment
deposits in the posterior pole of the retina. No
retinal vessels visible.

Conclusion

Bilateral absence of light perception with cataract OD. Situation after lens
extraction, total disc atrophy and retinopathy with pigmentations of un-
known origin OS. The findings are not consistent with a terminal stage of
DEVR.

3.5 The D family
Introduction

The proband of this family (VI-3) was referred to our department in Septem-
ber 1980 in view of a recent diminution of VOD as a result of retinal detach-
ment. The preoperative fundus examination revealed changes which might be
suggestive of DEVR. To clinch this possible diagnosis, the parents and a
brother and sister of this patient were examined. When unmistakable symp-
toms found in the father clinched the diagnosis of DEVR, efforts were made
to examine as many family members as possible.
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Figure 64. The pedigree of the D family.

Proband VI-3 (18-02-63)

History

This 17-year-old male was referred by his ophthalmologist in view of a one-
week history of diminished VOD. Examination had revealed retinal detach-
ment OD. VOS had always been poor, and VOD was reported never to have
been optimal. In infancy, this patient had in this context been examined by
another ophthalmologist. Strabismus correction was reported to have been
performed at age 4 (type of correction and indication no longer traceable).
Amblyopia treatment never given. In spite of the somewhat limited visual
acuity, patient attended normal primary and secondary schools. General
health has always been good. No record of premature birth or neonatal oxy-
gen administration. No complications during pregnancy. The family history
showed that a few paternal cousins once removed had always had poor eye-

sight.

Ophthalmological examination
Visual acuity VOD: S — 6.0/Cyl. — 4.0 axis 195° 0.1,
VOS: 1/60.
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Figure 65 (VI-3). OS. Stereo-photograph. Tissue mass attached to the posterior lens cap-
sule on the temporal side. The lens is locally cataractous.

Eye position Straight. OD seems to have an abnormally wide
kappa angle (not exactly assessable due to ny-
stagmus). Pendular nystagmus, especially upon
attempts at fixation on small objects.

Anterior segments ODS: Normal.

Vitreous OD: An unmistakable vitreous membrane ex-
tends anterior to the temporal periphery.
0OS: A fibrotic mass in the retrolental space is
attached to the posterior aspect of the lens on
the temporal side (Figure 65). The posterior
capsule and cortex of the lens show a local opa-
city at 3 o’clock. The vitreous structure ODS
shows liquefaction, and delicate white particles
are visible. No pigment particles.

Fundi OD: The retina temporal to the posterior pole
contains a large exudate, and there are numerous
smaller exudates central to it in the posterior
pole, temporal and superior to the macular (Fig-
ure 66). The macula shows some ectopia in tem-
poral direction. The large retinal vessels in and a-
round the posterior pole are abnormally stretched
in the same direction and take a parallel course.
A flat retinal detachment extends throughout the
fundus periphery between 8 and 11 o’clock, and
centrally into the macular region. This sector of
the fundus periphery contains an abnormally
large number of small ramifications of retinal
vessels, terminating abruptly in the equatorial
zone. The retina peripheral to this is avascular.
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Figure 66 (VI-3). OD. Flat retinal detachment with subretinal!and intraretinal exudates
temporal to the posterior pole. Note the course of the retinal vessels.

Near the boundary between vascular and avascular
retina, several delicate fibrotic structures connect
the retina with preretinal vitreous membranes of
low density. The nasal retinal periphery seems to
be entirely in situ and shows anintact vasculature.
There are no gross pigmentations or active neo-
vascularizations. No retinal defects are visible.

0OS: A falciform retinal fold extends from the
disc into the vitreous space at the 4 o’clock meri-
dian (Figure 67). On the peripheral side this reti-
nal duplicature proves to end in a white tissue
mass attached to the posteriorlens capsule in the
inferior temporal sector and, so far as can be seen,
probably also to the pars plana. A few blood ves-
sels are visible in the tissue mass. Near the disc,
the retinal vessels are distorted in inferior tem-
poral direction, and several branches are included
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Figure 67 (VI-3). OS. A raised retinal fold extends from the disc to the inferior temporal
sector. The choroidal vessels are clearly visible.

Fluorescein angiogram

in the falciform fold. No hyaloid vessels or other
remnants of the primary vitreous other than
these retinal vessels are visible in the posterior
pole. Choriocapillaris and retinal pigmented layer
seem underdeveloped in the posterior pole, and
consequently the large choroidal vessels and sclea
are readily visible in this area. The macula is not
visible (probably included in the retinal fold).
There are no vascular proliferations apart from
the fibrovascular tissue mass. No retinal defects,
subretinal or intraretinal exudates or pigmented
scars are visible.

OD: Dilatation of perimacular capillaries is vis-
ible in the early phase. A little later, considerable
fluorescein leakage is seen from these vessels and
from the capillary bed superior and temporal to
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Figure 68 (VI-3). OD. Diffuse fluorescein leakage as early as the arteriovenous phase of

the angiogram.

the macula (Figure 68). The retinal circulation
time is increased (about 10sec). Leakage from
the retinal vessels in the temporal mid-periphery
and on the disc is seen in the late phase.

OS: The late phase shows fairly diffuse leakage
from the retinal vascular bed and intensive leak-
age from the fibrovascular tissue mass in the tem-
poral periphery.

General physical examination
No abnormalities were found at general physical examination,

Laboratory studies:
Blood

Haemoglobin: 9.9 mmol/l.
Haematocrit: 0.44,
Leucocyte count: 5.5 x 10°/1.
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Differentation: eosinophils 21%
basophils 1%
neutrophils 52%
lymphocytes 26%

Serum values Electrolytes: Na 139
K 4.2
Cl 99
HCO3 299

Urea: 5.0 mmol/l.
Creatinine: 103 mmol/l.
Alkaline phosphatase: 72 U/L.
SGOT: 15 U/L.
SGPT: 16 U/L.
Coagulation studies Bleeding time (Ivy)’ 1 min 55 sec — 1 min 36 sec
— 2 min 33 sec.
Platelets: 224 x 10°/1.
Quick time: 20 sec.
Thrombotest (Owren): 95%.
Cephalin-kaolin time (Langdell-Margolis): 34 sec.
Fibrinogen content: 2730 mg/1.
Thrombin time: 24 sec.
Conclusion: normal coagulation data.

Therapy

The retinal detachment OD was treated by operation a few days after ad-
mission. Superior temporal drainage of subretinal fluid, followed by injection
of Ringer’s solution into the vitreous space via the pars plana. Cryocoagu-

Figure 69 (VI-3). OD. Stereo-photograph. Re-attachment of the retina in the temporal
part of the fundus after scleral buckling.
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lations in the area of the temporal equator and central to this. A nr. 40 en-
circling loop was fastened round the eyeball virtually on the equator; in the
temporal sector between about 8 and 12 o’clock, a silicone explant was pushed
beneath the encircling loop in order to enlarge the indentation in this sector.

Postoperative course

A small amount of subretinal fluid was present central to the indentation in
the superior temporal quadrant. Some increase in subretinal exudates was ob-
served during a few weeks temporal to the posterior pole (Figure 69). Cor-
rected visual acuity two months after the operation was 0.2. On the indent-
ation of the encircling loop near 10 o’clock, a rather taut serous vesicle of the
neuroretina persisted. Visual acuity remained unchanged, and a contact lens
was prescribed for OD.

Visual fields

Six weeks after the operation, general sensitivity was diminished ODS, with
absolute limitation of the nasal visual field. The blind spots cannot be located
accurately due to slight nystagmus.

Conclusion

Fundus changes consistent with a diagnosis of DEVR, complicated by con-
genital retinal fold OS and mainly exudative retinal detachment OD, treated
by operation.

Subject V-2 (22-03-34)
History
No visual or ocular complaints other than mild complaints about lacrimation

OD. Good general health. Normal birth weight. No neonatal oxygen admini-
stration.

Ophthalmological examination

Visual acuity VOD: S — 3.5/Cyl. — 1.25 axis 80° 0.8.
VOS: S — 2.5/Cyl. — 0.75 axis 130° 0.8.
Eye position Straight; central corneal reflexes.
Anterior segments ODS: Normal.
Vitreous ODS: Some syneresis. Central posterior vitreous

detachment anterior to both posterior poles. No
cells or pigment particles.

Fundi OD: Slight temporal ectopia of the macula. Tem-
poral to the posterior pole, abnormally numerous
retinal vascular branches are seen. The retinal vas-
culature terminates abruptly in a well-defined
zone immediately anterior to the equator. Just
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Figure 70 (V-2). OD. Fluorescein angiogram. Non-perfusion of the peripheral retina. In-
tensive leakage from a small neovascularization.

peripheral to this zone on the 3 o’clock meridian
there is a small neovascularization which shows
some whitish fibrosis. No exudates, retinal de-
fects or distinct signs of traction on the peripheral
retina. As in the fundus OD, the retinal periphery
in the nasal half, so far as visible, is normally vas-
cularized.

Fluorescein angiogram OD: Abruptly ending temporal vasculature. The
terminal ramifications of the retinal vessels are
slightly dilatated and show fluorescein leakage.
An intensively leaking neovascularization is vis-
ible on the 10 o’clock meridian (Figure 70). Hy-
perfluorescent disc in the late phase. No leakage
from perimacular capillaries.

OS: The early phase reveals the abrupt termin-
ation of the retinal vasculature in the temporal
equatorial zone. At one site, a neovascularization
peripheral to the line of demarcation has grown
into the avascular retina. The capillaries in the
peripheral zone of the vascular retina show num-
erous saccular dilatations. Many capillaries seem
to have a loose end unconnected to other parts
of the vasculature, and end blindly in such dilat-
ations (Figure 71a). Intensive leakage from the
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neovascularization occurs after a few seconds,
and the peripheral zone of retinal vessels shows
less marked leakage (Figure 71b). The late phase
of the posterior pole shows a hyperfluorescent
disc but no leakage in the macular region.

Policy

It was decided to confine activities to periodical follow-ups, and not to coagu-
late the neovascularizations as long as they remained stationary.

Conclusion

Distinct bilateral retinal vascular changes consistent with a diagnosis of DEVR.
Small neovascularizations ODS.

Subject V-5 (26-12-37)

Figure 71 (V-2). OS. a) Non-perfusion of the peripheral retina in the early phase of angio-
graphy. Neovascularizations in the avascular zone. Note the numerous small outpouchings
along the small peripheral ramifications in the retinal vasculature. b) Slight diffuse leakage
in the peripheral retinal vascular bed and intensive leakage from the neovascularizations.
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No visual or ocular complaints other than recent recurrent erosion of the cor-
nea OD. Birth weight unknown, but birth reportedly premature (about 8
months). No record of neonatal oxygen administration.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

VOD: S — 0.25/Cyl. — 1.25 axis 95° 1.0.

VOS: S—0.50.38.

Straight; central corneal reflexes.

ODS: Normal.

ODS: Normal structure, no cells.

ODS: Normal vasculature in the posterior poles.
No macular ectopia. Immediately temporal, too,
no distinctly abnormal configuration of retinal
vessels is visible. In the temporal equatorial zone,
however, both fundi show several retinal vessels
which terminate in short multiple ramifications
leaving the peripheral retina apparently avascular.
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Conclusion

At the level of these terminal ramifications, near
the 3 o’clock meridian, a small pigmented scar is
visible in OS. No degenerative changes in the ava-
scular fundus periphery.

Slight bilateral vascular changes in the temporal fundus periphery, consistent

with a diagnosis of DEVR.

Subject V-7 (01-05-42)

History

No visual complaints. Good general health. No record of premature birth or
neonatal oxygen administration.

Ophthalmological examination

Visual acuity
Eye position

Anterior segments
Vitreous

Fundi

VOD: 1.0, uncorrected.

VOS: S —0.5/Cyl. — 0.75 axis 10° 0.8.

Straight; central corneal reflexes.

ODS: Normal.

OD: Normal structure, no cells.

OS: Normal structure of retrolental vitreous. The
vitreous anterior to the temporal retinal periphery
shows delicate opacities and is very mobile.

OD: Normal posterior pole. The retina posterior
to the temporal equator shows some very tor-
tuous venous branches (like corkscrews). The
small retinal vessels terminate in a well-defined
zone immediately anterior to the equator. Near
9 o’clock, this boundary between vascular and
avascular retina deviates in central direction, thus
producing a wedge-shaped extension of the avas-
cular retina between the most peripheral vascular
ramifications.

OS: Normal posterior pole. As in OD, the tem-
poral retinal periphery is avascular and, near 3 0’
clock, shows a wedge-shaped extension in central
direction. Some small venous branches are ex-
tremely tortuous. Between 1 and 2 o’clock, the
avascular retina shows a whitish spot surrounding
a minute circular defect. No neovascularizations
or exudates.
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Conclusion
Bilateral peripheral retinal vascular changes consistent with a diagnosis of
DEVR.

Subject IV-2 (02-10-09)

History

No defined visual complaints. Patient has a history of several operations, e.g.
cholecystectomy, operation for rectocele and partial pancreatectomy after
pancreatitis. Diabetes mellitus developed after this operation, necessitating in-
sulin medication. As a result of drum perforations after otitis media, hearing
is somewhat defective. No record of premature birth.

Ophthalmological examination

Visual acuity VOD: S + 3.0/Cyl. — 3.0 axis 108° 0.5.
VOS: S + 3.0/Cyl. — 3.5 axis 98° 0.4.

Eye position Straight.

Intraocular pressure ODS: 18 mm Hg.

Anterior segments ODS: Nuclear cataract causing slight optical dis-
turbance.

Vitreous OD: Normal structure. Posterior vitreous de-
tached.
OS: Normal structure. Posterior vitreous possibly
detached.

Fundi ODS: Deep central cupping of both discs. The

large vessels in the posterior poles take a decidedly
stretched course in inferior temporal direction,
causing macular ectopia in the same direction.
Near the macula, the centre of the posterior poles
comprises a few very small exudates in the retina.
The retinal vasculature temporal to the posterior
pole is definitely aberrant: numerous ramific-
ations of superior and inferior temporal vessels
are packed in this area and show a distinctly
parallel course in temporal direction. The ramifi-
cations of these vessels all terminate abruptly in
the area anterior to the temporal equator. There
is a welldefined line of demarcation between the
vascular and the avascular retina; near the 9 o’
clock meridian OD and near the 3 o’clock meri-
dian OS, this demarcation turns back sharply in
central direction. The nasal fundus periphery
seems to be completely vascularized. The avascu-
lar retinal periphery in both fundi shows white
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Conclusion

without pressure, but no retinal defects, neovas-
cularizations or exudates.

Marked bilateral retinal vascular changes consistent with a diagnosis of DEVR.
Slight senile cataract and delicate exudates in both posterior poles, possibly as
a result of iatrogenic diabetes mellitus.

Subject V-10(25-12-36)

History

No visual complaints. Birth weight 3000 g. No record of neonatal oxygen ad-

ministration.

Ophthalmological examination

Visual acuity

Eye position
Intraocular pressure
Anterior segments

Vitreous

Fundi

Conclusion

VOD: 1.0, uncorrected.

VOS: 1.0, uncorrected.

Straight.

ODS: 18 mm Hg.

ODS: Normal.

ODS: Normal structure. Minute white dust-like
particles.

ODS: The large retinal vessels in the posterior
poles are somewhat stretched, but there is no
macular ectopia. The smaller arterioles outside
the posterior pole take a stretched radial course,
especially in the temporal fundus, and the smaller
venous branches in the same area often show
corkscrew-like tortuosities. It is clearly visible
that the retinal vessels end in the equatorial zone
of the temporal fundus half. The extreme peri-
phery of the nasal fundus half likewise seems to
be avascular, but this cannot be established with
certainty. The avascular periphery in both fundi
shows some white specks with occasional delicate
pigmentations. This region contains a small circu-
lar retinal defect on the 10 o’clock meridian OD.

Bilateral peripheral retinal vascular changes consistent with a diagnosis of

DEVR.

Subject VI-18 (03-05-68)
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No visual complaints. Good general health. Birth weight 3100 g. No neonatal

oxygen administration.

Ophthalmological examination

Visual acuity
Eye position
Anterior segments

Vitreous

Fundi

Conclusion

VOD: 1.0, uncorrected.

VOS: 1.0, uncorrected.

Straight

ODS: Normal,

OD: Delicate white particles. Normal structure.
OS: Normal structure, no cells.

ODS: Normal posterior poles. The retinal vesseis
show short, brush-like ramifications immediately
anterior to the temporal equator. Peripheral to
these ramifications, the retina is avascular. No pig-
mentations, exudates or neovascularizations. The
nasal retinal periphery in both fundi seems to be
normally vascularized.

Slight bilateral retinal vascular changes consistent with a diagnosis of DEVR.

Subject VI-19 (01-05-71)

History

No visual complaints. Good general health. Birth weight 3100 g. No neonatal

oxygen administration.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

VOD: 0.8, uncorrected.

VOS: 0.8, uncorrected.

Straight; central corneal reflexes.

ODS: Normal.

ODS: Normal structure, no cells.

ODS: Normal posterior poles. No macular ec-
topia. A rather pale, meandering zone is visible in
the temporal equatorial region. Some retinal
vessels terminate in this zone in multiple small
terminal ramifications. Occasionally, however, a
retinal vessel seems to extend past this zone to
the retinal periphery. The retinal vessels in the
nasal periphery present a normal appearance, as
do the more centrally localized vessels. No retinal
defects, neovascularizations or exudates.
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Conclusion

Slight bilateral peripheral retinal vascular changes consistent with a diagnosis

of DEVR.

Subject V-11 (30-01-43)

History

No visual complaints. Good general health. Birth weight 3000 g. No neonatal

oxygen administration.

Ophthalmological examination

Visual acuity
Eye position

Anterior segments
Vitreous

Fundi

VOD: 1.0, uncorrected.

VOS: 1.0, uncorrected.

Straight.

ODS: Normal.

ODS: In the anterior portion of the vitreous
space OD, a remnant of the hyaloid artery is vis-
ible. Delicate white particles in the retrolental
vitreous ODS. A thin preretinal vitreous mem-
brane is seen in the temporal fundus periphery.
ODS: Normal posterior poles. The retinal vascu-
lature terminates in the temporal sector im-
mediately anterior to the equator (Figure 72).

Figure 72 (V-11). OS. Avascular temporal retinal periphery (on the right).
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Slightly central to the demarcation between vas-
cular and avascular retina, a thin preretinal vit-
reous membrane is attached to the retina. In OS,
a small white fibrosed neovascularization is vis-
ible at the margin of the vascular retina near 2 o’
clock. Slightly peripheral to this, the avascular
retina shows a few small circular defects.

Bilateral retinal vascular changes consistent with a diagnosis of DEVR.

Subject VI-21 (25-06-70)

History

An ophthalmologist diagnosed amblyopia OD when this boy was 5 years old.
The amblyopia was treated by application of atropine to OS for a few months.
Treatment was unsuccessful and therefore discontinued. General health has
always been good. Birth weight 3530 g. No record of neonatal oxygen admin-

istration.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

Conclusion

VOD: 0.16, uncorrected.

VOS: 1.0, uncorrected.

Straight; positive kappa angle.

ODS: Normal.

ODS: Normal.

ODS: The temporal branches of the retinal vessels
in the posterior poles are somewhat stretched in
temporal direction, causing some ectopia of the
maculae in the same direction. The temporal ret-
inal periphery in both fundi is avascular. Central
to this avascular part, the vessels end in short
ramifications in a rather pale zone of the retina,
which at this site seems slightly elevated. No de-
fects, pigmentations or neovascularizations in the
peripheral fundi.

Bilateral peripheral retinal vascular changes consistent with a diagnosis of

DEVR. Amblyopia OD.
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Subject V-12 (26-1245)

History

This 35-year-old man has had poor VOD from the start, and VOS is reported
never to have been normal. At age 3 it was reportedly found that OD was due
to an abnormal position; corrective spectacles were prescribed. Amblyopia
OD was treated for a while by application of atropine to 0S. In childhood,
this patient was examined by several ophthalmologists; at age 24, he was ex-
amined for the first time (at his own request) at our department. This ex-
amination (1969) yielded the following findings:

VOD: S — 7.0/Cyl. — 1.5 axis 0° 1/60.

VOS: S — 7.0/Cyl. 1.0 axis 15° 0.8.

Eye position: Divergent strabismus OD, pendular nystagmus.

Media: Clear.

Chorioretinitis scars in OD.

Until 1980, several follow-ups at our department revealed no changes in
visual acuity or fundus features. In 1977 this man was examined at the Leiden
University Department of Ophthalmology, where congenital chorioretinitis
(probably due to toxoplasmosis) was likewise diagnosed. Apart from com-
plaints about dizziness and hyperhidrosis, general health is reportedly good.
No record of premature birth or neonatal oxygen administration. I decided to
re-examine this patient in the context of the family study.

Ophthalmological examination

Visual acuity VOD: S — 7.0/Cyl. — 1.5 axis 0° 1/60.
VOS: S — 7.5/Cyl. — 1.0 axis 15° 0.6.
Eye position Virtually straight. Despite poor fixation OD, it is

demonstrable that the marked nasal displacement
of the corneal reflex of this eye is due to an ab-
normally wide positive kappa angle. OS likewise
shows a rather wide positive kappa angle. Latent
nystagmus is present,

Intraocular pressure ODS: 16 mm Hg.
Anterior segments ODS: Normal.
Vitreous ODS: Marked syneresis. No cells. Virtually com-

plete detachment of the posterior vitreous. An-
terior to the temporal periphery of both fundi,
membranes are visible which near the equator are
attached to the retina and exert some traction on
it.

Fundi OD: Highly abnormal pattern of retinal vessels in
the posterior pole: from the disc, the temporal
vascular branches are stretched in inferior tem-
poral direction, giving rise to the features of
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dragged disc. The macula shows marked ectopia
in the same direction, but there is no congenital
retinal fold. Near the equator, a few large chorio-
retinal cicatrices with many gross pigmentations
are visible between 7 and 9 o’clock. From one of
these cicatrices, a fibrotic strand traverses the vit-
reous space to the posterior lens capsule, to
which it is attached via some white fibrotic tissue.
The retinal vessels in the inferior temporal quad-
rant of the fundus are distorted in the direction
of the equatorial scars, where they terminate in
deformed ramifications. The retinal vasculature
of the remainder of the temporal periphery is not
accurately assessable due to preretinal vitreous
opacities. There are no retinal defects, exudates
or neovascularizations.

OS: From the disc, the retinal vessels take an ab-
normally stretched course to the inferior tem-
poral area. There is no real dragged disc, but
some macular ectopia exists. Immediately central
to the equator, two large pigmented scars are vis-
ible near 3 and 4 o’clock. The temporal ramific-
ations of the retinal vessels terminate near these
scars, leaving the peripheral retina at this site
avascular. In the inferior temporal sector of the
equatorial zone, a few small, white occluded ret-
inal vessels are visible. A preretinal vitreous mem-
brane is attached to the retina roughly at the de-
marcation between the vascular and the avascular
part. In the superior temporal sector this exerts
some unmistakable traction on the retina. The
nasal fundus periphery shows a striking number
of vascular ramifications in the equatorial zone,
but seems completely vascularized.

ODS: Absolute limitation of the nasal visual field.
Enlarged blind spot, which is displaced in tem-
poral direction.

Bilateral peripheral retinal vascular changes with deformation of the posterior
poles. Peripheral vitreous membranes exerting traction on the retina. Myopia.
Visual acuity reduced due to damaged posterior poles and amblyopia OD.
The findings are consistent with fairly marked DEVR.
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Figure 73 (IV-15). OD. Atrophy of choroid and pigment epithelium, and abnormal con-

figuration of retinal vessels.

Subject IV-15 (12-12-33)

History

VODS diminished from the start. At age 20, retinal detachment OS was
treated by operation. Birth weight unknown, but no record of premature birth
or neonatal oxygen administration.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments

Vitreous

Fundi

VOD: S — 12.0/Cyl. — 1.0 axis 0° 0.2.

VOS: S — 12.0/Cyl. — 1.0 axis 0° 0.2.

Straight.

ODS: Slight, optically unobtrusive opacities in
the cortex of the lenses.

ODS: Normal structure of the retrolental vit-
reous. No cells. Anterior to the temporal fundus
periphery OD, a thin preretinal membrane is seen
to extend in posterior direction to a level slightly
central to the equator. OS shows almost com-
plete detachment of the posterior vitreous.

OD: The large retinal vessels in the posterior pole
take a slightly stretched course in temporal direc-
tion, with slight macular ectopia in the same
direction. Throughout the posterior fundus,
rather ill-defined areas show marked atrophy of
choriocapillaris and pigment epithelium. These
also extend into the centre of the posterior pole.



Ultrasonography

Conclusion
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(Figure 73). The retinal vessels end in aberrant,
short terminal ramifications near the temporal
equator. The retina peripheral to this is avascular
and shows numerous gross pigmentations.

OS: This fundus likewise shows a stretched course
of the large retinal vessels in the posterior pole,
with some macular ectopia. The large choroidal
vessels are clearly visible throughout the pos-
terior pole. Temporal and inferior to the pos-
terior pole begins an area (clearly demarcated on
the central side) with even more marked atrophy
of choriocapillaris and pigment epithelium,
which extends into the extreme periphery. Sev-
eral pigment deposits are visible in this area (Fig-
ure 74). The temporal retinal periphery is avas-
cular. Near the equator there is a well-defined
demarcation between the vascular and the avas-
cular retina. The nasal fundus periphery seems to
show normal vascularization. Particularly in the
temporal fundus periphery, large pigmented scars
are visible. Some of these may be a result of dia-
thermy treatment. No distinct notch is visible. As
in the fundus OD, there are no visible exudates,
neovascularizations or defects of the retina.

OD: Eye axis length: 25.5 mm.

OS: Eye axis length: 23 mm, increasing to about
25 mm when measured in the area temporal to
the posterior pole.

Bilateral peripheral retinal vascular changes consistent with a diagnosis of

DEVR.

Subject IV-16 (24-12-34)

History

VODS but particular VOS low from the start. No record of any treatment in
childhood. Strabismus operations (type unknown) in 1970 and 1977. Birth
weight unknown, but no record of premature birth or neonatal oxygen ad-

ministration.

Ophthalmological examination

Visual acuity

VOD: S + 4.0/Cyl. — 2.0 axis 130° 0.2.
VOS: S+ 4.0 1/60.
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Figure 74 (IV-15). OS. Deformation of retinal vessels and macular ectopia. Extensive
zones with atrophy of the choroid and pigment epithelium, encompassing pigment de-
posits.

Figure 75 (IV-16). OD: Fixation of the camera at the time of exposure! Note the pseudo-
divergent low position of this eye. OS shows no fixation whatever. i



Eye position

Anterior segments

Vitreous

Fundi
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Virtually straight. Marked superior nasal displace-
ment of the corneal reflex at fixation OD. Fix-
ation OS not feasible (Figure 75).

OD: The iris shows some posterior synechiae on
the temporal side of the disc. No cells in the
aqueous humour, and no Tyndall phenomenon.
OS: Normal.

ODS: Lacunae with liquefaction, with inter-
spersed fibrous structures. A few peripheral mem-
branes in the temporal periphery of the vitreous
space.

OD: From the disc, the retinal vessels are mark-
edly distorted and stretched in temporal direction
(Figure 76a), causing pronounced ectopia of the
macula. Immediately temporal and inferior to
the macula the retina is slightly raised in a falci-
form fold, but this is effaced again anterior to
the equator near 8 o’clock (Figure 76b). Areas
with gross pigmentations are seen on either side
of the retinal fold. Similar pigment deposits are

Figure 76 (IV-16). OD. a) Dragged disc. b) Slightly raised retinal fold temporal and in-
ferior to the posterior pole, with gross pigmentations in the adjacent retina.
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Figure 77 (IV-16). OS. Falciform fold. On either side, atrophic areas in choroid and pig-
ment epithelium with numerous gross pigment deposits in the retina.

visible in the temporal retinal periphery, which
also comprises a few exudates. So far as visible,
this part of the periphery is avascular. A few pre-
retinal vitreous membranes are seen in the in-
ferior temporal sector.

0S: A falciform fold extends in temporal direc-
tion from the disc. Several blood vessels extend
from the disc in the fold, and ramifications of
these vessels leave the fold to enter the adjacent
retina. In the posterior pole, sharply defined
white areas of choroidal atrophy and pigment de-
posits are localized on either side of the fold
(Figure 77). The fold roughly follows the 4 o’
clock meridian and on the peripheral side ends in
the anterior part of the vitreous space in a white
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Figure 78 (IV-16). OS. Stereo-photograph. Gliotic tissue mass at the peripheral end of
the retinal fold.

tissue mass connected with the pars plana and

the posterior lens capsule (Figure 78). The retinal

vasculature in the fundus periphery is not clearly

visible due to slight vitreous opacities. No retinal

defects or neovascularizations are seen.
Ultrasonography OD: Eye axis length 21—-22mm.

OS: Eye axis length 19 mm.

Conclusion
Fundus changes consistent with DEVR, complicated by a large retinal fold
OS and a small one OD.

Subject IV-18 (11-08-38)

History

Very poor VODS from the start. After a few years at a normal primary school,
the patient was admitted to a home for visually handicapped children. In
1959, optical iridectomy OD failed to improve visual acuity. VOD has shown
some further deterioration in recent years. No congenital anomalies apart
from the eyes. Good general health. No record of premature birth or neonatal
oxygen administration.

Ophthalmological examination

Visual acuity VOD: 0.5/60, good projection.
VOS: No light perception.
Eye position Convergent strabismus OS; hardly any fixation

OD. Strikingly, there is no nystagmus.
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Figure 79 (IV-18). OD. Fibrotic synechiae between the iris and the largely cataractous

lens.

Anterior segments

OD: Clear cornea of normal diameter. No cells in
the aqueous humour. Large iridectomy defect in
the superior nasal quadrant. The inferior temporal
quadrant of the iris is connected by posterior sy-
nechiae with the anterior lens capsule, which is
not ruptured (Figure 79). The lens shows an op-
tically very obtrusive brown cataract, due to
which no fundus reflex is visible. Through the
iridectomy defect and past the margin of the lens,
a feeble red fundus reflex can be observed.

OS: Some microphthalmia. Near the temporal
limbus the cornea shows a keratopathy with
some calcifications. The remainder of the cornea
is clear. Its diameter is 9 mm. The anterior seg-
ment is of normal depth, as in OD. The iris shows
some atrophic areas. The pupil is of slightly ir-
regular shape, and mydriasis can be achieved only
partly due to posterior synechiae. The pupillary
aperture comprises white opaque remnants of a
totally disintegrated lens (Figure 80). Near the
pupillary margin at 8 o’clock, a few delicate blood
vessels are visible on and in the fibrotic mem-
brane.
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Figure 80 (IV-18). OS. Dehydrated and disintegrated, totally cataractous lens.

Vitreous and fundi ODS: No details are visible in the vitreous space
or fundus. Red fundus reflex OS.
Ultrasonography OD: Eye axis length 20 mm (A-scan).

OS: Eye axis length 14 mm.

Conclusion
Extensive bilateral anterior segment and fundus changes. The findings are

consistent with very severe DEVR.

Subject IV-20 (15-06-42)

History

No distinct visual symptoms. Birth weight about 3000 g. General health good,
apart from relatively mild manifestations of osteochondrosis of the vertebrae
(Scheuermann’s disease).

Ophthalmological examination

Visual acuity VOD: S + 4.0/Cyl. — 3.0 axis 90° 0.8.
VOS: S + 3.75/Cyl. — 3.5 axis 83° 0.8.

Eye position Straight. Corneal reflex slightly nasal OD and
central OS.

Anterior segments ODS: Normal.
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Vitreous

Fundi

Conclusion

Figure 81 (IV-20). OS. Slight ectopia of the macula.

ODS: Very delicate white particles, but other-
wise normal structure. Partial detachment of the
posterior vitreous membrane anterior to the tem-
poral part of the fundi.

ODS: Slight temporal ectopia of the maculae in
the posterior poles (Figure 81). The configuration
of the large vessels in the posterior part of the
fundi is hardly aberrant. Between 8 and 10 o’
clock in OD and between 2 and 4 o’clock in OS,
a few retinal vessels terminate in short multiple
ramifications immediately anterior to the equa-
tor. The remainder of the fundus periphery ODS
is normal. The avascular part of the temporal ret-
inal periphery shows no defects, exudates, pig-
mentations or neovascularizations.

Slight bilateral vascular changes in the temporal retinal periphery consistent

with a diagnosis of DEVR.

Subject V-28 (14-08-70)

Figures 67, 76 and 77 published with permission from Graefes Arch Ophthalmol 217:
55-67 (1981). Copyright by Springer-Verlag.
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History
No visual complaints. Birth somewhat premature, birth weight 2500g. No
neonatal oxygen administration.

Ophthalmological examination

Visual acuity VOD: 0.8, uncorrected.
VOS: 1.0, uncorrected.
Cylcopegic refraction OD: S +1.5.
OS: Emmetropic.
Eye position Straight. Slightly nasal corneal reflex OD.
Anterior segments ODS: Normal.
Vitreous ODS: A few delicate white particles are afloat in
the vitreous, which is of normal structure.
Fundi ODS (direct and indirect ophthalmoscopy): Nor-

mal retinal vascular pattern in the posterior poles.
No distinct ectopia of the maculae. Some conspi-
cuously tortuous retinal vessels are visible central
to the equator near 3 o’clock OS. The retinal
periphery OD shows no distinct changes. Avas-
cularity of the peripheral retina could not be
demonstrated by the method used.

Conclusion

Slight vascular anomalies in the fundus periphery OS and slightly subnormal
VOD. The symptoms may represent a very mild manifestation of DEVR, but
the diagnosis is not certain.

3.6 The E family

Figure 82. Pedigree of the E family.

Introduction

The proband of this family had been known at our out-patient clinic since 1975
as showing diminished VODS and bilateral fundus changes. The possibility of"
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DEVR was contemplated in 1977, but a superficial study of a few family
members failed to disclose changes which could confirm the diagnosis. A
fresh family study was performed in 1980, and its findings are reported here.

Proband I1I-2 (24-02-68)

History

The eye position was found to be abnormal when the patient was one year
old. An ophthalmologist was consulted, who prescribed corrective spectacles
and started amblyopia treated by occlusion of the left eye. This was dis-
continued a year later because the result was disappointing. At age 7 the
patient was first examined at our department. General health was good. There
was no record of premature birth or neonatal oxygen administration.

Family history

No known consanguinity of the proband’s parents. His father (II-1) was be-
lieved to have poor VOD, and one of the father’s brothers reportedly had a
lazy eye. The proband’s mother had no visual complaints, but her only sister
was believed to have a lazy eye.

Ophthalmological examination (April 1975)
Visual acuity VOD: S —4.5/Cyl. — 3.5 axis 50° 0.1.
VOS: S —4.5/Cyl. — 4.0 axis 165° 0.5.
Cycloplegic refraction OD: S —4.0/Cyl. — 4.0 axis 15°.
0S: S —4.0/Cyl. 4.5 axis 145°.

Anterior segments ODS: Normal.

Vitreous OD: Preretinal vitreous structures.

Fundi ODS: Aberrant vascular pattern in the posterior
poles and atrophy of the choroid.

Diagnosis: Unknown.

Therapy

Prescription of corrective spectacles as dictated by refraction. No further
therapy.

Course

In view of gradually increasing myopia, the prescription of the corrective spe-
ctacles was modified several times. Visual acuity remained unchanged.

Ophthalmological examination (August 1980)
Visual acuity VOD: S —6.5/Cyl. — 4.0 axis 20° 0.12.
VOS: S — 8.0/Cyl. — 4.0 axis 165° 0.6.



Eye position

Anterior segments
Vitreous

Fundi

Figure 83 (111-2). OD. Abnorma
branches. Ectopia of the macula.
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Straight. Due to distinct nasal displacement of
the corneal reflex OD, this eye is pseudodiver-
gent.

ODS: Normal.

OD: Some liquefaction and syneresis. Numerous
delicate pigment particles. Probably posterior vit-
reous detachment.

OS: Some liquefaction, No cells or particles.

OD: The retinal vessels show marked distortion
from the disc to the inferior temporal sector. In
the posterior pole there is consequently a con-
spicuous parallel course of the large vascular
branches, among which a markedly deformed
and ectopic macula is visible. The fundus shows
pigment paucity and the choriocapillaris is under-
developed so that the pattern of the large chor-
oidal vessels is clearly visible (Figure 83). In the

lly stretched course of the temporal retinal vascular
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Figure 84 (III-2). OD. Raised white fibrotic ridge with attachment of vitreous membrane

in inferior temporal quadrant.

inferior temporal quadrant central to the equator,
a raised whitish fibrotic ridge extends parallel to
the ora serrata (Figure 84). At this ridge, vitreous
membranes are attached to the retina, and along
the central margin there is somelocal retinoschisis
with a few small defects in the inner part of the
neuroretina. Traction from the peripheral fib-
rotic structures has stretched the retinal vessels.
The preretinal vitreous structures make it imposs-
ible to establish whether the retina peripheral to
the equator is avascular. A few small exudates are
visible in this area. In the nasal fundus periphery,
where fewer vitreous opacities are present, the
vessels in the retina show a distinctly aberrant
course. Peripheral to tortuous vessels which end
in irregular multiple ramifications, the retina is
entirely avascular. No neovascularizations are
visible.

OS: The vessels from the disc are distorted in in-
ferior temporal direction, with marked ectopia of
the macula in the same direction. The retinal
vessels in the posterior pole show a parallel and
stretched course (Figure 85). Conspicuous avas-
cularity of the peripheral retina in all quadrants.
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Figure 85 (III-2) OS. The same features of retinal vessels and choroid as in posterior pole

OD.

Visual fields (Goldmann)

Most vessels terminate in irregular ramifications
in the equatorial zone, but in the nasal half of
the fundus the vessels extend slightly further in
anterior direction. Retinal exudates are seen at
several sites in the mid-periphery (Figure 86). No
distinct neovascularizations. Several gross super-
ficial pigment deposits in the vascular part of the
retina. Especially near the temporal equator, vit-
reous membranes exert unmistakable traction on
the retina. No retinal defects or areas of retino-
schisis.

ODS: The 1—4 isopter shows some limitation of
the nasal visual field. No other distinct changes.
The blind spot cannot be determined with cer-
tainty.
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Figure 86 (III-2). OS. Small intraretinal exudates and attachment of vitreous membrane
to equatorial retina.

Conclusion
Bilateral fundus changes characteristics of fairly severe DEVR.

Policy

In view of the unmistakable traction on the retina ODS, the risk of retinal
detachment is far from imaginary. The exudates, especially in OS, also require
watching.

Subject III-1 (03-04-66)

History
No visual complaints. Good general health. Birth weight about 3000 g.

Ophthalmological examination
Visual acuity VOD: S+ 2.0 1.25.
VOS: S + 3.25/Cyl. — 0.5 axis 0° 1.0.
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Eye position Straight.

Anterior segments ODS: Normal.

Vitreous ODS: Normal structure, no cells.

Fundi ODS: Normal posterior poles. Some evident vas-

cular anomalies near the equator in the temporal
quadrants. The retinal vessels in this area divide
into short terminal ramifications. The retina peri-
pheral to these ramifications is avascular. The vas-
culature of the nasal periphery, so far as visible,
is entirely normal. No pigmentations, exudates,
retinal defects or neovascularizations.

Conclusion
Slight bilateral peripheral retinal vascular changes consistent with a diagnosis
of DEVR.

Although no symptoms of DEVR were found in the following family members,
the results of their examination are nevertheless presented in view of their
ophthalmological particulars.

Subject II-1 (14-02-36)

History

Reduced visual acuity and strabismus OD from the start. An 8-year history of
complaints. about numbness in the right leg. No distinct exacerbations or
visual complaints. Extensive neurological examination led to a tentative diag-
nosis of multiple sclerosis.

Ophthalmological examination

Visual acuity VOD: S+ 6.00.1.
VOS: S+ 3.751.0.
Eye position Divergent strabismus OD, about 25°.
Anterior segments ODS: Normal.
Vitreous ODS: Normal.
Fundi OD: The temporal side of the disc is somewhat

pale. Normal vasculature of the large vessels in
the posterior pole and normal macula. Normal
vascular pattern in the peripheral funuds. No peri-
pheral changes at the indentation either.
OS: The disc presents a normal appearance. The
vasculature of the retina is normal in the posterior
pole and in the periphery.

Visual fields (Goldmann) OD: Central sensitivity decreased. No limitation
of visual field.
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0OS: Normal.

Visual evoked responses OD: No potentials recordable.
OS: Normal.

Colour vision OD: Distinctly disturbed.
OS: Normal.

Conclusion
Amblyopia as a result of anisometropia. Opticopathy OD, possible as a result
of multiple sclerosis. No symptoms of DEVR.

Subject I1-2 (03-12-33)

History
No visual complaints. Good general health.

Ophthalmological examination

Visual acuity VOD: 1.0, uncorrected.
VOS: 1.0, uncorrected.
Eye position Straight.
Anterior segments ODS: Unmistakable opacities of the posterior
cortex of both lenses. Their centre is fairly clear.
Vitreous ODS: Normal structure; dust-like particles.
Fundi OD: Normal posterior pole. In the equatorial

zone, the temporal fundus shows no distinct vas-
cular anomalies. At 11 o’clock just outside the
equator there is a small circular defect. The retina
peripheral to the equator shows no vascular rami-
fications, but assessment of details in this area is
difficult due to the lens opacities.

OS: Normal posterior pole. The peripheral vas-
cular pattern is not anomalous, but assessment of
the vascularity of the extreme periphery is again
impossible. Some pigmentations are visible in the
superior temporal part of the mid-periphery.

Conclusion

No distinct vascular anomalies consistent with DEVR, but some slight de-
generative changes in the peripheral fundus. Assessment of small details in the
fundus is impossible due to some media opacities.
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3.7 The F family
1
I
n
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v
Figure 87. Pedigree of the F family.
Introduction

The proband of this family was traced in view of a publication (Hamburg
1963) which reported some clinical data on him. The combination of a so-
called pseudoglioma in one eye and congenital retinal fold in the other was
suggestive of a diagnosis of DEVR, and gave me sufficient motivation to ex-
amine this patient and his immediate relatives. The fact that histological data
were available — one eye having been enucleated at the time — was an ad-
ditional motivation for re-examination.

Proband IV-1 (19-08-61)

History

The parents observed eye abnormalities about a month after birth. Ophthal-
mological examination disclosed a retrolental tissue mass in OD, probably
associated with total retinal detachment. The fundus OS showed a congenital
retinal fold. Enucleation OD was performed six weeks after birth because a
malignant tumour could not be excluded. The microscopic speciment pre-
sented no indications of a retinoblastoma.

Pregnancy and parturition had been uneventful. Birth weight was 3000 g
and no neonatal oxygen administration is on record. During the first few
weeks post partum there were a few days of fever and some regurgitation of
food. These symptoms disappeared spontaneously. A cardiological examin-
ation was made, allegedly in view of a heart murmur, but no congenital heart
defect was found.
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General health in childhood was good. In view of his visual handicap the
patient attended school at an institution for visually handicapped children.

Ophthalmological examination (January 1981)

Visual acuity
Eye position
Anterior segments

Vitreous

VOS: S — 12.0/Cyl. — 2.0 axis 110° 1/60 — 1/30
Pronounced pendular nystagmus.

OD: Prosthesis.

0OS: Clear cornea. Normal depth of anterior
chamber. Gonioscopy reveals no abnormality of
the iridocorneal angle. The aqueous humour con-
tains no cells. The iris is not atrophic and has no
synechiae. The lens shows some subcapsular
opacities on the temporal side, which are opti-
cally not very obtrusive.

OS: The retrolental vitreous is of normal struc-
ture, without cells. The posterior part of the vit-
reous space is optically empty due to posterior
vitreous detachment.

Figure 88 (IV-1). OS. Falciform retinal fold.
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Fundi OS: From the disc, a falciform retinal fold ex-
tends through the centre of the posterior pole to
the inferior temporal fundus periphery (Figure
88). The retinal fold ends in a local mass of white
tissue which is attached to the lens equator near
4 o’clock and the pars plana. The vascular
branches on the disc are distorted in the direction
of the fold. The macula cannot be identified.
Temporal to the posterior pole, there are small
areas of RPE atrophy and gross pigmentations
near the base of the retinal fold. This area also
comprises some candlewax-like exudates in the
retina. No neovascularizations or retinal defects.
The retina anterior to the temporal equator out-
side the fold seems avascular. Due to nystagmus
and a few media opacities it is impossible to
assess minute details in the fundus.

Pathology
The report on the pathological examination of the enucleated eye is presented
in Chapter 4 (see also Figures 119 and 120).

Conclusion

History and clinical findings suggest a bilateral congenital proliferative retino-
pathy, which has led to total retinal detachment OD and a falciform retinal
fold OS. The anomalies may be consistent with severe DEVR.

Subject I1I-1 (18-09-28)

History

The proband’s father had several attacks of fairly severe iridocyclitis of both
eyes. No abnormalities at general physical examination. A sister is reported to
have a lazy eye, but otherwise the family history reveals no ophthalmological
abnormalities. No record of consanguinity between III-1 and III-2.

Ophthalmological examination

Visual acuity VOS: S—1.01.0.
VOS: S—1.751.0.
Eye position Straight.
Anterior segments ODS: The aqueous humour contains no cells and

shows no positive flare. Slight pigment film on
the anterior lens capsule. No synechiae.

Vitreous ODS: Normal structure, but contains a consider-
able number of cells.
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Fundi OD: Normal posterior pole. Extreme retinal peri-

phery slightly whitish, especially on the temporal
side; no distinctly visible retinal vessels. In the
equatorial zone, however, the configuration of
the retinal vessels is normal. No pigmentations
exudates or defects of the retina.
OS: Mydriasis and examination by mirror contact
lens was avoided at the patient’s request. So far
as can be seen, posterior pole and mid-periphery
show no anomalies.

Conclusion
Mild residual symptoms of uveitis ODS. Peripheral retinal vascular branches
are not clearly visible in OD. No unmistakable symptoms of DEVR.

Subject I1I-2 (29-06-27)

History

VODS in the proband’s mother is alleged to have always been subnormal.
Good general health apart from arthrosis of the fingers of both hands. Menin-
gitis in childhood, with subsequent recovery without residual symptoms. Nor-
mal birth weight.

Family history

This woman’s parents (II-2 and II-3) are reportedly consanguineous, but both
are reported to have always had good eyesight. Her only sister (II-3) and her
offspring show no anomalies. One of her uncles (II-1) is reported to have been
virtually blind from early infancy. One of her maternal cousins has had poor
eyesight from the start. There is a record of strabismus in one of her mother’s
brothers and in her mother’s father (I-1).

Ophthalmological examination

Visual acuity VOD: S + 3.5/Cyl. — 2.0 axis 120° 0.5.
VOS: S + 3.75/Cyl. — 2.0 axis 80° 0.3.

Anterior segments ODS: The retrolental vitreous is of normal struc-
ture and shows no cells.

Fundi OD: The disc seems normal. The configuration of

retinal vessels in the posterior pole is normal, as
is the macula. The temporal fundus periphery,
however, shows anomalies: between the 7 and
the 12 o’clock meridian, a sector of retinoschisis
extends in central direction to slightly beyond
the equator. Small ramifications of retinal vessels
are visible in the most central part of the retino-
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schisis, but most of the area peripheral to the
equator comprises no visible vessels. The configu-
ration of the retinal vasculature along the central
demarcation of the retinoschisis is somewhat
aberrant: some venous branches curve slightly
back. No striking tortuosities, and no abnor-
mally large number of small venules and arterioles
in this area. No pigmentations or defects in the
peripheral retina.

0S: From the disc, the temporal retinal vessels
take a slightly stretched course in temporal direc-
tion, but no other anomalies are visible in the
posterior pole. Retinoschisis is seen in the su-
perior temporal quadrant of the peripheral
fundus. Its central demarcation is roughly the
equator. The pattern of retinal vessels in the tem-
poral equatorial zone is not aberrant. Peripheral
to the equator, however, no ramifications of reti-
nal vessels are visible in the retinoschisis; nor are
any visible in the inferior temporal quadrant.
Assessment of small details in the extreme peri-
phery is impossible due to slight vitreous opacities
anterior to this region. No retinal defects, pig-
mentations or neovascularizations are found.

Conclusion

Subnormal VODS. Bilateral retinoschisis in the temporal fundus periphery,
combined with slight retinal vascular anomalies, especially in OD. The find-
ings may well be a result of DEVR.

Subject I1I-4 (18-12-32)

History

Diminished VODS from early infancy. Patient attended normal primary
school and could read with difficulty using the left eye, which was better
than the right. At age 13, VOS diminished acutely due to a retinal haemorr-
hage (no longer any light perception). The patient was transferred to a home
for the visually handicapped. Secondary glaucoma OS at age 18; two sub-
sequent glaucoma operations. VOD has gradually diminished in recent years.
Good general health. Birth weight believed to have suggested slightly pre-
mature birth (some 2000 g). No record of neonatal oxygen administration.

Ophthalmological examination
Visual acuity VOD: 1/60.
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Figure 89 (I1I4). Stereo-photograph. Anterior segment OS.

Eye position
Intraocular pressure

Anterior segments

Vitreous

Fundi

VOS: No light perception.

Straight; pendular nystagmus.

OD: 14 mm Hg.

0S: 22 mm Hg.

OD: Slight band keratopathy near the inferior
limbus of the cornea. Cornea otherwise clear. A
few posterior synechiae. Local subcapsular pos-
terior cataract on the temporal side. The lens
shows a few dense local opacities in the anterior
cortex, and some nuclear cataract.

0S: Cornea of normal diameter. Near the limbus
on the superior and on the nasal side, scars of the
glaucome operations are visible. There is some
nasal and temporal band keratopathy. The tem-
poral inferior quadrant of the cornea is likewise
dystrophic due to extensive synechiae (Figure
89) between endothelium and iris in this sector.
The iris shows many white fibrotic scars and is
atrophic. An opaque tissue mass is visible through
a small pupillary aperture in the deformed iris.
OD: A few membranes are visible in the central
and retrolental vitreous space. On the posterior
side of the lens capsule in the inferior temporal
quadrant, a white tissue mass is attached near the
lens equator.

OD: The large vascular branches on the disc are
deformed, and distorted in inferior temporal
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direction. From the disc, a large falciform retinal
fold extends through the centre of the posterior
pole to the temporal fundus periphery (Figure
90). The protrusion of the fold in the vitreous
space increases as the fold approaches the fundus
periphery. Near 8 o’clock, the peripheral end of
the retinal fold is enveloped in a white gliotic
tissue mass, which with the slit-lamp can be ob-
served on the posterior side of the lens in the
inferior temporal quadrant. The macula is not
identifiable: it is apparently enveloped in the ret-
inal fold. The posterior fundus shows striking
anomalies of the choroid and the pigmented layer
of the retina. In large areas, mostly inferior and
temporal to the disc, these structures are virtually
invisible; one looks through the neuroretina al-
most directly upon the sclera. Many gross pig-
ment deposits are seen adjacent to these areas
(Figure 90). More delicate pigmentations are seen
immediately anterior to the retina in the vitreous
space at several sites in the fundus periphery.
Some of them seem to be localized in a thin layer
of retinoschisis. Some white proliferative tissue is
localized on the retina anterior to the equator in
the inferior nasal quadrant. No distinct vascular
structures are visible in this area. Due to nystag-
mus and some media opacities, the degree of vas-

Figure 90 (III4). OD. Stereo-photograph. Falciform retinal fold and extensive atrophic
changes of choroid and pigment epithelium in the posterior pole.
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cularization of the peripheral retina cannot be es-
tablished with certainty.

Conclusion

Congenital retinal fold OD and total vitreous organizations OS. The findings
are consistent with a diagnosis of severe DEVR.

3.8 The G family

Figure 91. Pedigree of the G family.

Introduction

The proband of this family had been known at our department since 1971 as
showing severe bilateral ophthalmological changes regarded as a possible con-
sequence of congenital toxoplasmosis. The patient was brought to my atten-
tion in view of a falciform retinal fold in the left eye.

Proband II-2 (23-09-62)

History

The following data were supplied by the patient and her parents, and retrieved
from previous examinations at our department. When the patient was about
10 months old, the parents noticed an anomalous eye position. According to
the mother, the district nurse had previously remarked on this, but little
attention had been paid. Ophthalmological examination at the Royal Vic-
torian Eye Hospital in Melbourne (the family was living in Australia at the
time) disclosed bilateral fundus changes interpreted as congenital dysplasia of
unknown cause. In her pre-school years she could manage very well, mostly
with the left eye which had the best visual acuity. During her primary school
years in The Netherlands, visual acuity gradually deteriorated so that, at age
8, she was transferred to a home for the visually handicapped. The patient
had been delivered by forceps extraction under general anaethesia. She is re-
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ported to have been placed in an incubator on the day after birth, with mild
neonatal oxygen administration. Birth weight 3500g. No premature birth.
The mother was febrile during a few days in the latter half of the pregnancy,
but the cause of this is unknown. No paternal or maternal family history of
eye diseases. One of the mother’s brothers reportedly has a possibly congenital

heart condition.

Ophthalmological (1971, age 9)

Visual acuity
Intraocular pressure

Eye position
Anterior segments

Vitreous

Fundi

ERG

Ultrasonography

VOD: No light perception.

VOS: 4/60, correction not feasible.

OD: Not exactly determinable.

0S: 6/7.5 (Schigtz tonometer).

Pendular nystagmus.

OD: Subnormal corneal diameter. Severe band
keratopathy. Anterior chamber shows funnel-
shaped depression. Pupil distorted in nasal dire-
ction and of irregular shape. Atrophy of the iris
and extensive posterior synechiae. A totally
white opaque lenticular mass is visible in the pup-
illary aperture.

OD: Inspection not feasible.

OS: Many cells and some membranes.

OD: Inspection not feasible.

OS: From the disc, a falciform fold extends
through the centre of the posterior pole in tem-
poral direction. The large vessels on the disc are
distorted in the same direction, and partly follow
the course of the fold (Figure 92). Some gross
pigmentations are visible slightly superior to the
fold in the posterior pole. The choroid and the
pigmented layer show marked atrophy near the
disc. In the extreme temporal periphery, the raised
retinal fold ends in a greyish tumour-like mass
with a wrinkled surface.

OD: No recordable potentials.

OS: Diminished photopic and scotopic responses.
OD: The vitreous space is almost entirely filled
by opacities in which the retina cannot be ident-
ified.

General physical examination
This examination (at the paediatric department) revealed no abnormalities.
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Figure 92 (II-2). OS. Disc with central portion of a falciform retinal fold.

Laboratory studies
Blood

Serum

Enzymes

Serological tests
Toxoplasmosis
Immunofluorescence
Toxocara

Ascaris

Syphilis

ESR 5 mm in the first hour.

Hb 7.9 mmol/l.

Haematocrit 0.39.

WBC 6000, with normal differentiation.

Urea: 4.13 mmol/l.

Creatinine: 60 umol/l.

Normal SCOT, SGPT and alkaline phosphatase
values.

Complement fixation test 1:4.
1:128.

Complement fixation test negative.
Complement fixation test negative.
All tests negative.
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Rheumatic disease AST 75 U.
Rose test 1:32.
Latex negative.

Radiological examination

Skull Some circumscribed calcifications are visible in
the right parietal and occipital regions. Findings
consistent with a previous toxoplasmosis.

Teeth OPT: Some hypoplastic teeth in the permanent
dentition,

Chest No significant changes.

Paranasal sinuses No significant changes.

Diagnosis (1971)

Falciform retinal fold as a result of congenital toxoplasmosis.

Course

Between age 11 and age 13 this patient was repeatedly seen at our department
with symptoms of uveitis OS. The aqueous humour showed a positive flare in
varying degrees, and cells were sometimes seen. Upon exacerbations she was
treated by mydriatics, local application of Decadron (dexamethasone) and
also, briefly, with oral prednisone. Unfortunately, secondary glaucoma devel-
oped and patient lost light perception OS also, at age 15.

Ophthalmological examination (1981)

OD as described above. OS is small, like OD, and also shows a reduced corneal
diameter (9 mm). The pupil is narrow and irregular. The iris shows numerous
posterior synechiae. In the pupillary aperture, a white mass is visible in a
shrunken lens capsule. Inspection of the vitreous space is impossible.

Conclusion

Although the changes had been previously interpreted as consequences of
congenital toxoplasmosis, the extensive vitreous proliferations, the falciform
retinal fold, the extensive pigment scars and the irritation of the anterior seg-
ment are all features which can be encountered in DEVR. This diagnosis was
confirmed when the anomalies in the eyes of this patient’s sister (II-1) were

found.
Subject I1I-1 (22-12-58)

History
No visual complaints. Good general health. The patient is four months pregnant.
Her birth weight was 3750 g. No record of neonatal oxygen administration.
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Figure 93 (II-1). OD. Some chorioretinal scars in the posterior pole.

Ophthalmological examination

Visual acuity

Eye position
Vitreous
Fundi

VOD: S — 2.0/Cyl. — 1.5 axis 0° 1.0.

VOS: S — 2.25/Cyl. — 1.5 axis 30° 1.0.

Straight.

ODS: Normal structure, no cells.

OD: Normal configuration of the large retinal
vessels in the posterior pole. Immediately superior
to the macula there are four small circular scars,
characterized by atrophy of RPE and pigment
deposits in the neuroretina (Figure 93). The tem-
poral fundus periphery shows a pale, band-like
zone which between 7 and 11 o’clock extends in
the equatorial zone and slightly meanders. In this
pale retinal zone, the retinal vessels are clearly
seen to terminate in short multiple ramifications
(Figure 92). The retina peripheral to this zone is
of slightly darker colour and avascular. The nasal
fundus periphery presents a normal appearance.
No retinal defects, exudates or neovascular-
izations are seen.

OS: Entirely normal posterior pole. No band-like
pale zone as in OD. However, a striking finding is
that the retinal vessels end in terminal ramifi-
cations in the temporal equatorial zone. The peri-
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Figure 94 (II-1). OD. Pale band-like zone in the temporal equatorial zone.

pheral retina contains not a single vessel anterior
to the equator between the 1 and the 5 o’clock
meridian.

Conclusion
Symptoms of incomplete vascularization of the peripheral retina ODS, con-

sistent with a diagnosis of DEVR.

Subjects 1-1 and I-2

The proband’s parents were both examined ophthalmologically. As in virtually
all patients described in this study, the fundi were examined by slit-lamp bio-
microscopy. However, this technique failed to identify any symptoms of
DEVR in either parent. Consanguinity between the parents was not on record
and is highly unlikely, because they come from different parts of The Nether-
lands. No eye diseases were known in the families of the two parents.

It must be assumed that one of the parents possesses the DEVR gene, but
that in this case the condition is not penetrant. It cannot be excluded that
fluorescein angiography of the peripheral fundus might have disclosed minor
anomalies in one of the parents. However, fluorescein angiography could not
be performed.

3.9 The H family

Introduction

The proband of this family was referred to our department in June 1980 with
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Figure 95. Pedigree of the H family.

a recently detached retina. In this patient I found fundus changes suggestive
of DEVR, and consequently an ophthalmological family study was carried
out.

Proband IV-6 (28-08-54)

History

This 25-year-old man was referred to our department by his ophthalmologist,
with retinal detachment OS. Vision of this eye had deteriorated in the past five
days. No recent history of any traumatic injury. According to the patient the-
left eye was lazy and had always shown low visual acuity. No record of
amblyopia treatment. No record of premature birth or neonatal oxygen
administration. General health reported to be good. The patient had had
meningitis and bilateral otitis media at age 2.

Family history
The patient’s mother (I1I-3), uncle (I11-6) and grandfather (II-1) had been sur-
gically treated for retinal detachment.

Ophthalmological examination
Visual acuity VOD: S — 2.25/Cyl. — 1.0 axis 5° 0.8.
VOS: 2/60, correction not feasible.
Cycloplegic refraction OD: S —2.25/Cyl. — 1.0 axis 5°.
0S: S —2.25/Cyl. — 2.5 axis 170°.

Eye position Virtually straight. No nystagmus.
Anterior segments ODS: Normal.
Vitreous OD: No cells or membranes. Some liquefaction.

OS: Numerous pigment particles. Some lique-
faction. Preretinal membranes in the posterior
vitreous space.
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Figure 96 (IV-6). OS. Total retinal detachment.

Fundi

Fluorescein angiogram

OD: In the posterior pole, the temporal retinal
vessels take a slightly stretched course from the
disc in temporal direction, with hardly noticeable
ectopia of the maculae in that direction. The disc
is normal. Temporally, no retinal vessels are vis-
ible anterior to the equator. It is difficult to see
where the most peripheral ramifications end. At
11 o’clock, a small circular defect anterior to the
equator is surrounded by local whitish degener-
ation in the avascular retinal periphery.

OS: Total movable retinal detachment, protruding
slightly in the vitreous space in the superior and
central parts, but markedly in the inferior part of
the fundus (Figure 96). Despite the retinal de-
tachment, it is evident that the vascular pattern
of the retina is aberrant. Especially in the nasal
and superior temporal quadrants, the vessels are
tortuous and terminate in a well-defined zone
which demarcates an avascular retinal periphery.
The latter part comprises two small, nearly cir-
cular defects in the superior nasal quadrant (Fig-
ure 97). No exudates or distinct neovascular-
izations.

OD: The retinal vessels outside the posterior pole
are not readily distinguishable due to poor con-
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Figure 97 (IV-6). OS. Defect in avascular part of retinal periphery (arrow). Note the well-
defined demarcation between vascular and avascular retina.

trast with the choroidal fluorescence. However,
the equatorial retina proves to be non-perfused
(Figure 98). The late phase shows no fluorescein
leakage in the posterior pole and the temporal
part of the retina.

OS: The perfusion of the periphery of the de-
tached retina terminates abruptly in the nasal
and superior temporal quadrants. The most peri-
pheral capillaries show irregular dilatations and
loops. Intensive fluorescein leakage from these
vessels is observed (Figure 99). The late phase of
the posterior pole shows fluorescein staining of
the subretinal fluid and some leakage from the
disc.
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Figure 98 (IV-6). OD. The late phase of the fluorescein angiogram shows the hardly vis-
ible termination of retinal vessels near the equator (arrows). The retinal area on the left
is avascular. No fluorescein leakage.

General physical examination
The patient’s habitus is somewhat gracile and leptosome. Height 183 cm,
weight 69 kg. Blood pressure 120/70. Pulse rate 60/min, regular. No anomalies
apart from thoracic kyphoscoliosis.

Dental examination

Chronic periapical inflammation of M2Sd. No congenital abnormalities of the

teeth and jaws.

Laboratory studies
Blood

Serum

Urine

ESR 12 mm in the first hour.

Haemoglobin 9.8 mmol/l.

Haematocrit 0.48.

WBC 7300/mm?.

Differentation: 58% neutrophils

35% lymphocytes

2% eosinophils
5% monocytes.

Electrolytes: Na 135, K 4.4, C1 98 mmol/l.

Urea 7.5 mmol/l.
Creatinine 82 mmol/l.
Glucose 4.2 mmol/l.
Specific gravity 1032,
Glucose negative.
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Figure 99 (IV-6). OS. Fluorescein angiogram of the periphery of the detached retina
near 12 o’clock. Unmistakable non-perfusion of the peripheral retina and some leakage
from a broad zone of aberrant ramifications.

Acetone negative.
Urobilin trace.
Porphobilin negative.
Coagulation studies Bleeding time (Ivy) 4 min 3 sec.
Platelets 159 000/mm?.
Thromboplastin time (Quick) 19 sec.
Thrombotest (Owren) 41%.
Cephalin-kaolin time 32 sec.
Fibrinogen content 4785 mg/1.
Thrombin time 18 sec.
Fibrin degradation products 15 mg/l.
Ethanol gelation test negative.
Conclusion No anomalies.
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Therapy and course

In view of the preretinal vitreous membranes and the rigid retinal folds, a vit-
rectomy was performed. A silicone encircling band was applied to the equator
(nr. 40). Using the Ocutome system, many tough pigmented membranes were
removed from the vitreous via the pars plana. Puncture of the superior tem-
poral sclera yielded a large amount of viscous fluid. A mixture of 80% air and
20% SF6 gas was insufflated via the pars plana. The retina failed to efface
properly: a superior temporal fold persisted. Cryocoagulation round the clock
peripheral to the encircling band.

Total retina re-detachment OS within a week of this procedure. No open
retinal defect was visible. Again, pars plana vitrectomy, gas insufflation and
drainage. A long silicone explant was inserted beneath the encircling band in
both inferior quadrants. Within two weeks of this operation, subretinal fluid
had accumulated again and total retinal re-detachment occurred. Peripheral to
the buckle, a small circular defect seemed to have developed at 4 o’clock.

Six weeks after the fi1st operation a third vitrectomy was performed.

Figure 100 (IV-6). OS. Attached retina after intravitreous injection of silicone oil. The re-
flex superior to the macula comes from the posterior surface of the oil bubble.



160

There were no longer many membranes in the central vitreous space, but
some membranes were present on the retina itself. The latter could not be re-
moved with the vitrectomy apparatus. A drainage aperture was made in the
sclera and 4 ml silicone oil was gradually injected. As a result the retina effaced
almost entirely. After this operation the entire retina was in its proper position
(Figure 100).

The retinal defect in OD was surrounded by two rows of coagulates with
the Argon laser. The situation remained unchanged over a follow-up period of
6 months, apart from the development of a slight subcapsular posterior cata-
ract in OS. VOS was 0.12 with correction S — 1.0.

Conclusion
Rhegmatogenous retinal detachment OS with bilateral vascular anomalies of
the retinal periphery consistent with a diagnosis of DEVR.

Subject I1I-3 (20-01-23)

History

The left eye of this 57-year-old mother of the proband is reportedly lazy and
has poor visual acuity. Virtually total retinal detachment OD in 1979. Her
ophthalmologist reported a fair-sized circular retinal defect in the temporal
periphery. In this area, a double sponge was applied to the sclera. After cryo-
coagulations the retina re-attached itself. A few degenerative spots in the peri-
phery of the left eye were treated by Xenon coagulation. General health be-
lieved to be good. No record of premature birth.

Ophthalmological examination

Visual acuity VOD: S — 3.0/Cyl. 1.25 axis 65° 0.5.

VOS: S — 7.0/Cyl. — 3.0 axis 115° 2/60.
Intraocular pressure OD: 17 mm Hg.

OS: 14 mm Hg.
Anterior segments ODS: Normal.
Eye position Divergent strabismus OS (narrow angle).
Vitreous OD: Some liquefaction but otherwise normal

structure. Some pigment particles.

OS: Some liquefaction. Some pigment particies.
A delicate vitreous membrane is seen anterior to
the temporal fundus periphery.

Fundi OD: A small area of choriocapillaris and pig-
mented layer atrophy and some pigmentations
are seen on the temporal side of the disc. The ret-
inal vessels in the posterior pole take a slightly
stretched course in temporal direction. Some
temporal ectopia of the macula. Near the equator
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between 9 and 11 o’clock, a buckle surrounded
by coagulation scars is visible. No visible defect.
The temporal retinal vessels terminate in delicate
ramifications anterior to the equator. No ex-
udates or neovascularizations.

OS: The disc implantation is askew in inferior
temporal direction, but no signs of dragged disc.
As in OD, there is some diffuse atrophy of the
choriocapillaris and pigmented layer so that the
choroidal vessels and sclera are clearly visible.
The temporal branches of the retinal vessels take
a slightly stretched course to the inferior tem-
poral periphery, with some macular ectopia in
the same direction. Many coagulation scars are
seen anterior to the equator. Peripheral to these,
no retinal vessels but only some whitish spots are
seen in the temporal fundus. No retinal exudates,
defects or neovascularizations.

Bilateral peripheral retinal vascular changes consistent with a diagnosis of
DEVR. Amblyopia OS due to anisometropia. Surgically treated rhegmato-
genous retinal detachment OD.

Subject IV-5 (30-06-52)

History

No visual complaints. Good general health. Birth weight 3500 g.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

VOD: S—1.250.8.

VOS: S—1.250.8.

Straight.

ODS: Normal.

ODS: Normal structure, no cells.

OD: Normal posterior pole. No ramifications of
retinal vessels are visible in the extreme temporal
periphery. No exudates, defects or neovascular-
izations.

OS: Normal posterior pole. A few vascular rami-
fications seem to terminate abruptly anterior to
the temporal equator. At 12 o’clock near the
equator there are some irregular dilatations of
small vessels.
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Fluorescein angiography

Conclusion

OD: The early phase shows some curved and re-
versing vascular branches in the temporal equa-
torial zone.

0S: Temporal periphery shows the same features
as in OD. The vascularization of the retina peri-
pheral to these branches is not properly assessable.
No leakage from the peripheral vessels of in the
posterior pole.

This patient shows minimal vascular anomalies in the peripheral retina ODS,
but a positive diagnosis of DEVR cannot be established with certainty.

Subject IV-8 (06-08-57)

History
No visual complaints.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

Conclusion

VOD: 1,0, uncorrected.

VOS: 1.0, uncorrected.

Straight.

ODS: Normal.

ODS: Normal structure, no cells.

OD: The temporal aspect of the disc is somewhat
pale. Normal vasculature in the posterior pole.
Anterior to the equator the peripheral ramifi-
cations of the retinal vessels terminate rather ab-
ruptly. The demarcation of the avascular retinal
periphery deviates in central direction at 9 o’
clock, giving rise to a wedge-shaped outpouching
of the avascular periphery between the most peri-
pheral ramifications. In the equatorial zone there
are some curved and reversing venous branches at
12 o’clock. No retinal defects, exudates, pigmen-
tations or neovascularizations.

0S: Features of posterior pole and fundus peri-
phery virtually identical to those in OD.

The symptoms are consistent with mild, uncomplictated DEVR.

Subject IV-9 (06-03-59)
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No visual complaints. Good general health. Birth weight 3650 g.

Ophthalmological examination

Visual acuity
Eye position

Vitreous
Fundi

Conclusion
Mild asymptomatic DEVR.

Subject IV-10 (14-08-60)

History

VOD: Cyl. — 0.5 axis 0° 1.25.

VOS: S + 0.25/Cyl. — 0.25 axis 10° 1.0.
Straight.

ODS: Normal structure, no cells.

ODS: The superior and inferior vessels in and
about the posterior pole are slightly stretched in
temporal direction. No distinct macular ectopia.
In the temporal periphery the retinal vessels ter-
minate immediately peripheral to the equator.
Some venous ramifications central to the equator
are tortuous. No other complications.

No visual complaints. Good general health. Birth weight 3300 g.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

Fluorescein angiogram

VOD: S + 0.25/Cyl. — 0.5 axis 0° 1.0.
VOS:S—0.251.0.

Straight.

ODS: Normal.

ODS: Minute dust-like particles. Normal structure.
OD: Normal posterior pole. In the temporal zone
between 8 and 11 o’clock, numerous slightly
stretched, more or less parallel vascular ramifi-
cations terminate fairly abruptly near the equa-
tor. A pigmented scar is localized just within the
avascular retina at 9 o’clock.

OS: Normal posterior pole. Retinal vessels end
temporally in the equatorial zone. The superior
temporal part of the non-perfused retinal peri-
phery comprises a snailtrack-like lesion in which
a few minute defects are distinguishable. No
complications such as exudates or neovascular-
izations in either fundus.

OD: The early exposures show the equatorial
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Figure 101 (IV-10). OD. Late phase of the fluorescein angiogram shows non-perfusion of
the temporal retinal periphery. A well-defined zone of terminal ramifications is absent,
and there is no fluorescein leakage in the retina.

zone near 9 o’clock. No distinct anomalies of the
choroidal circulation. The retinal vessels end at
the level of the equator, some showing a curva-
ture near their termination. The scar is clearly
visible as a pigmented layer defect. Strikingly,
the late phase shows neo leakage from the peri-
pheral vascular ramifications (Figure 101). The
late phase of the posterior pole shows slight hy-
perfluorescence of the disc, but no leakage from
the perimacular capillaries.

OS: Late exposures of the equatorial zone at 3
o’clock show non-perfusion of the retina anterior
to the equator. No leakage from the most peri-
pheral branches of the retinal vessels, nor from
vessels in the posterior pole.
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Unmistakable non-perfusion of the temporal retinal periphery ODS, consistent

with a diagnosis of DEVR.
Subject IV-11 (02-04-62)

History

No visual complaints. Birth weight 3700g. No neonatal oxygen adminis-

tration.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

Fluorescein angiogram

VOD: S —4.250.8.

VOS: S -6.00.38.

Slight exophoria.

ODS: Normal.

ODS: Normal structure, no cells.

OD: The temporal vascular ramifications in the
posterior pole take a slightly stretched course in
temporal direction. In the central part of the pos-
terior pole the retina shows a few minute white
spots, probably very small exudates. In the tem-
poral mid-periphery a fair number of retinal ves-
sels take a more or less parallel, radial course and
terminate abruptly near the equator. The non-
perfused retinal periphery shows features of white
without pressure at some sites. The nasal fundus
periphery is normally vascularized. No retinal de-
fects.

OS: The vascular pattern of the posterior pole is
virtually identifical to that in OD, but without
paramacular exudates. The pattern of the tem-
poral equatorial zone is likewise highly similar to
that in OD. The superior temporal avascular ret-
inal periphery comprises some areas of whitish
degeneration without distinct defects.

OD: Late phase: abnormal vascular pattern of
ramifying more or less parallel vessels central to
the equator. No fluorescein leakage.

OS: Early phase of the equatorial zone (3 o’clock).
The retinal vessels terminate equatorially in rami-
fications. Normal perfusion of the peripheral
choroid. Two pigment epithelium defects immedi-
ately peripheral to the extreme ramifications of
the retinal vessels (Figure 102). Late exposures
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Figure 102 (IV-11). OS. Non-perfusion of the temporal retinal periphery. No fluorescein
leakage in the marginal zone.

show no leakage from peripheral vessels and from
perimacular capillaries.

Conclusion
Unmistakable absence of retinal vasculature in the peripheral retina consistent
with a diagnosis of DEVR,

Subject HI-2 (30-11-21)

History
No visual complaints. Good general health. Birth weight about 3000 g.

Ophthalmological examination
Visual acuity VOD: S — 0.5/Cyl. — 2.25 axis 170° 0.6.
VOS: S —0.25/Cyl. — 1.75 axis 5° 1.0.



Eye position

Intraocular pressure
Anterior segments
Vitreous

Fundi

Conclusion
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Straight. Very nasal corneal reflex especially in
OD.

ODS: 20 mm Hg.

ODS: Normal.

ODS: Normal structure, no cells.

OD: Vessels in the posterior pole are distinctly
stretched in temporal direction, with some macu-
lar ectopia in that direction. The retinal vessels
temporal to the posterior pole are tortuous. An
abrupt transition from vascular to avascular ret-
ina is visible anterior to the temporal equator.
The avascular zone is visible up to the superior
nasal sector. Some of the most peripheral ramifi-
cations show delicate telangiectases. A few gross
pigmentations are visible in the temporal sector
of the avascular retina.

OS: The pattern of the large vessels in the pos-
terior pole is not distinctly abnormal. Nor is there
evident macular ectopia. Near the equator in the
superior temporal quadrant, a pale zone is visible
in which the abundantly ramifying small retinal
vessels terminate, The retina peripheral to this
zone is avascular. The entire fundus, but especially
the periphery, shows pigment paucity (as in OD)
so that the large choroidal vessels are clearly vis-
ible. No retinal defects, pigmentations or neovas-
cularizations are visible.

Bilateral peripheral retinal vascular changes consistent with a diagnosis of

DEVR.

Subject IV-1 (02-05-46)

History

Treatment of amblyopia OD during childhood. Surgical correction of con-
vergent strabismus at age 31. Birth weight about 3500 g. Good general health.

Three months pregnant.

Ophthalmological examination

Visual acuity

Eye position

VOD: S — 1.75/Cyl. — 0.5 axis 15° 0.8.

VOS: S — 3.25/Cyl. — 0.75 axis 165° 1.0.
Convergent strabismus OD, about 3°. Central
corneal reflexes.
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Anterior segments
Vitreous
Fundi

Conclusion

ODS: Normal.

ODS: No abnormality apart from slight syneresis.
OD: Normal posterior pole. The temporal fundus
periphery shows white without pressure and no
retinal vascularization. Central to the equator the
temporal sector does show retinal vessels. No well-
defined demarcation between vascular and avas-
cular retina.

OS: Normal posterior pole. White without press-
ure in the avascular temporal retinal periphery.
Anterior to the temporal equator, a few retinal
vessels show delicate multiple ramifications which
are short and terminate slightly more anteriorly.
Some of them curve back in central direction. No
retinal defects, pigmentations or neovascular-
izations in either fundus.

Bilateral peripheral retinal vascular changes consistent with a diagnosis of

DEVR.

Subject IV-2 (23-07-47)

History

No visual complaints. Good general health apart from bouts of migraine. Birth

weight about 4500 g.

Ophthalmological examination

Visual acuity
Eye position
Anterior segments

Vitreous

Fundi

VOD: S —0.25/Cyl. — 0.25 axis 15° 1.0.

VOS: Cyl. — 1.0 axis 15° 0.8.

Straight. Positive kappa angle ODS.

ODS: Normal.

OD: Some pigment particles; normal structure.
OS: Normal.

OD: The large vessels in and about the posterior
pole show some stretching in inferior temporal
direction, with slight macular ectopia in the same
direction. In the mid-periphery between 8 and 10
o’clock a relatively large number of vascular
branches are seen, several of which terminate in
short, brush-like ramifications near the equator.
Peripheral to them, the avascular retina com-
prises a few small pigmentations.
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OS: Less deformation of the large vessels in the
posterior pole than in OD. Minimal temporal
macular ectopia. The pattern of the peripheral
retinal vasculature closely resembles that in OD.
At 6 o’clock in the periphery there is a snail-track
with an atrophic area in the neuroretina.

Anomalies of the retinal vessels in the posterior pole and periphery ODS, con-
sistent with a diagnosis of DEVR.

Subject IT1-4 (22-06-24)

History

VOD poor from the start. No record of ophthalmological treatment. General
health: several attacks of otitis media, biliary complaints and migraine. Birth
weight unknown. No record of premature birth or neonatal oxygen adminis-

tration.

Ophthalmological examination

Visual acuity

Eye position

Anterior segments

Vitreous

Fundi

VOD: S — 4.0 2/60.

VOS: S — 3.5/Cyl. — 1.5 axis 5° 0.8.

Straight. Extremely nasal corneal reflex OD, giving
the impression of divergent strabismus. Central
corneal reflex OS.

OD: Moderate subcapsular posterior cataract.
OS: Normal.

OD: Distinct syneresis. No particles or cells. A
faire number of very thin vitreous membranes an-
terior to the nasal periphery of the retina.

OS: Distinct syneresis. No particles or cells.

OD: The large vessels show marked distortion
from the disc in temporal direction. The macula
shows ectopia in the same direction and is de-
formed. An area of pigment epithelium atrophy
with sharply defined, irregular margins is seen tem-
poral to the posterior pole. A few gross pigmen-
tations are seen near the temporal equator. The ret-
inal vessels in this area are tortuous and show some
diliatations, and they terminate peripheral to the
equator. A few small exudates are visible at 9
o’clock. The nasal fundus periphery is likewise
affected. Thin membranes are visible anterior to
the inferior nasal retinal periphery, and there
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Conclusion

may be local retinoschisis in this area. The nasal
retinal periphery also seems avascular, but it is dif-
ficult to establish this due to the media opacities.
No evidence of defects or neovascularizations.
OS: The vessels of the posterior pole take a
slightly stretched course in temporal direction.
Only slight macular ectopia. The temporal equa-
torial zone comprises a slightly aberrant pattern
of small vascular branches, some of which curve
back in central direction. Peripheral to the equa-
tor, no retinal vessels are visible between 2 and 4
o’clock. No retinal defects or neovascularizations.

Distinct bilateral peripheral retinal vascular changes consistent with a diagnosis

of uncomplicated DEVR,

Subject IV-13 (27-05-59)

History

No visual complaints. Anxious young man who, like his brother (IV-12) is
mentally underendowed. Both brothers show low implantation of the ears.
No record of premature birth or neonatal oxygen administration.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

Conclusion

VOD: 1.0 with corrective spectacles.

VOS: 1.0 with corrective spectacles.

Straight. Central corneal reflexes.

ODS: Normal.

ODS: Normal.

OD: Contact lens examination is difficult due to
insufficient cooperation. No distinct fundus
changes observed.

OS: Examination with the contact lens less dif-
ficult. Normal posterior pole. The vasculature
central to the temporal equator seems slightly
aberrant. Possibly avascular retina anterior to the
equator. No evidence of retinal defects, exudates
or neovascularizations.

Probably mild peripheral fundus anomalies OS, consistent with a diagnosis of
uncomplicated DEVR. However, the diagnosis is not certain.
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No visual complaints. Good general health. Birth weight about 3500 g.

Ophthalmological examination

Visual acuity

Eye position
Intraocular pressure

Anterior segments
Vitreous

Fundi

Conclusion

VOD: S — 0.25/Cyl. — 0.75 axis 100° 1.0.

VOS: Cyl. — 0.5 axis 95° 1.0.

Straight.

OD: 14 mm Hg.

0S: 16 mm Hg.

ODS: Normal.

ODS: Posterior vitreous detachment. Normal
structure. No cells or particles.

OD: Normal posterior pole. Normal vascular-
ization of the nasal fundus periphery. In the tem-
poral mid-periphery, a few vascular branches curve
back and have aberrant brush-like ramifications.
Peripheral to them, the retina is avascular and
shows some gross pigmentations and a few cobble-
stones. No retinal defects, exudates or neovas-
cularizations.

OS: Normal posterior pole. Some tortuosity of
retinal vessels in the temporal mid-periphery. A
few small vessels have aberrant multiple ramifi-
cations or delicate telangiectases. An avascular
retinal periphery is visible between 11 and 5
o’clock. No retinal defects, pigmentations or ex-
udates.

Bilateral peripheral retinal vascular changes consistent with a diagnosis of

DEVR.
Subject I1V-14 (13-06-56)

History

No visual complaints. Good general health. Birth weight about 3000 g.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments

VOD:S—-1.00.8.

VOS: S — 1.0/Cyl. — 0.5 axis 115° 1.0.
Straight.

ODS: Normal.
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Vitreous ODS: Normal.

Fundi ODS: The vascular pattern seems to be slightly
stretched in temporal direction, possibly with
minimal macular ectopia. Normal vascularization
of the nasal fundus periphery. Some slight anom-
alies of the retinal vessels are visible in the equa-
torial zone near 9 o’clock in OD and near 3 o’
clock in OS. A few venous branches curve back
and show short ramifications in central direction.
An avascular zone is visible in the temporal ret-
inal periphery ODS. Fundus features otherwise
normal.

Conclusion
Very slight vascular anomalies in both fundi. It is not certain whether these
represent a minimal manifestations of DEVR.

Subject I11-6 (05-03-34)

History

This man was not examined. According to his ophthalmologist there had been
retinal detachment OD at age 17. Type of operative treatment unknown. Re-
portedly, there were multiple retinal defects. Most recently measured visual
acuity: VOD: S + 1.0 0.3. VOS: S — 2.0 1.2. The retina is attached in both
eyes. Many pigmented scars in the fundus OD. Nothing is known about poss-
ible retinal vascular anomalies.

Subject II-1 (15-06-1889)

History
This meanwhile deceased man was reported to have had fairly good eyesight.
Operation on the retina about 1964, but exact data could not be retrieved.

3.10 The I family
1 t +

20 21 22 23

Figure 103. Pedigree of the I family.
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Introduction

The female proband of this family was known at the out-patient clinic of the
ophthalmological department of the Canisius-Wilhelmina Hospital as showing
unilateral deformation of the vasculature of the posterior pole of the retina.
Although no real retinal fold had formed, a mild form of falciform detach-
ment was considered. The unilaterality of the condition and the negative fam-
ily history initially seemed not to be suggestive of a hereditary condition.

Proband IV-1 (01-11-76)

History

Divergent strabismus OS was noticed a few months after the birth of this now
4-year-old girl. Pregnancy and parturition had been uneventful. Birth weight
was 3000 g, and there was no neonatal oxygen administration. No general ab-
normalities apart from some motor retardation.

Ophthalmological examination (at age 3)

Visual acuity VOD: 1.0.
VOS: 0.3.
Eye position Straight, but marked pseudostrabismus OS due

to a very wide positive kappa angle (Chapter 4,
Figure 104).

Anterior segments ODS: Normal.

Cycloplegic refraction OD: Emmetropic.
0S: S + 2.0/Cyl. — 2.0 axis 0°.

Vitreous OD: Normal structure.
OS: Many pigment particles and thin preretinal
membranes.

Fundi OD: Contact lens examination was impossible in

this very young girl. The fundus was examined
by indirect ophthalmoscopy, but this gave no
adequate view of the peripheral retinal vascula-
ture. The disc and macula appear to be normal.
Normal configuration of the retinal vessels
throughout the posterior fundus. A number of
white spots are visible anterior to the equator
near 9 o’clock; these may be small exudates.

OS: The retinal vessels take a distinctly stretched
course from the disc to the inferior temporal
quadrant. Consequently there is pronounced
macular ectopia in that direction. The parallel
pattern of radial retinal vessels is also seen in the
region temporal to the posterior pole. These ret-
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Conclusion

inal vessels disappear from sight anterior to the
equator, where several pigment deposits are local-
ized in the retina near 3 o’clock. No exudates or
neovascularizations are seen.

Bilateral anomalies in the temporal retinal periphery, suggestive of DEVR.

Subject ITI-1 (16-07-44)

History

The proband’s father has never had visual complaints and has never been oph-
thalmologically examined. Birth weight was 2250 g, but no neonatal oxygen
administration. Good general health.

Ophthalmological examination

Visual acuity

Eye position
Intraocular pressure
Anterior segments
Vitreous

Fundi

VOD: Cyl. — 0.5 axis 90° 1.25.

VOS: 1.25, uncorrected.

Straight. Central corneal reflexes.

ODS: 13 mm Hg.

ODS: Normal.

ODS: Slight syneresis. No cells or particles. Pos-
terior vitreous detachment.

OD: The temporal retinal vascular branches take
a slightly stretched course from the disc in tem-
poral direction. The macula consequently shows
slight ectopia in that direction. In the temporal
quadrant central to the equator, there are abnor-
mally numerous retinal vessels with a near-parallel
course, The smallest ramifications terminate im-
mediately anterior to the equator, so that the
temporal retinal periphery is avascular. The well-
defined demarcation between vascular and avas-
cular retina deviates in central direction at 9
o’clock, giving rise to a wedge-shaped notch in
the avascular peripheral retina between the most
peripheral ramifications of the superior and the
inferior temporal vessels. A few glittering white
ramifying preretinal structures are visible at this
site. These are probably small, partly fibrosed
neovascularizations arising from the most peri-
pheral ramifications of the retinal vessels. No ret-
inal defects, exudates or neovascularizations.

OS: The posterior pole presents the same appear-
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ance as in OD. The temporal retinal periphery is
avascular, and the central demarcation of the
avascular part shows a notch near 3 o’clock. Again
there is white preretinal fibrosis, not larger than
one disc diameter. No other complications are
visible.

Visual fields (Goldmann)  ODS: Absolute limitation of the nasal visual field
to about 30°.

Conclusion

Bilateral peripheral retinal vascular changes consistent with a diagnosis of
DEVR.

Subject IV-2 (27-12-78)

History

The parents have noticed nothing abnormal about the eyes of this 2-year-old

girl. Birth weight was 3050 g.

Ophthalmological examination

Visual acuity Not yet properly determinable.

Eye position Straight.

Anterior segments ODS: Normal.

Vitreous ODS: No abnormal structures at ophthalmo-
scopy.

Fundi ODS: Normal vasculature of the posterior pole.

Tortuous, irregularly dilatated vascular loops are
visible in the temporal equatorial region. They
form a zone which more or less parallels the ora
serrata. No retinal vessels are clearly visible an-
terior to this zone. So far as visible, there are no
preretinal neovascularizations, membranes, retinal
defects or exudates.

Conclusion
Slight but unmistakable DEVR.

Policy
No therapy indicated. In view of the patient’s extreme youth, periodical follow-
ups on visual acuity and fundi are advisable.

Subject II-3 (14-01-08)
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History

No visual complaints. Patient uses anticoagulants in view of cerebral circu-
latory disorders. No record of premature birth.

Ophthalmological examination

Visual acuity

Eye position
Intraocular pressure
Anterior segments

Vitreous

Fundi

Conclusion

VOD: S+ 0.50.8.

VOS: S+ 1.00.6.

Straight.

ODS: 10 mm Hg.

ODS: Slight posterior cortical cataract of both
lenses.

ODS: Normal structure, no cells. Posterior vit-
reous detachment OS.

OD: Slightly stretched retinal vessels in the pos-
terior pole. Slight temporal ectopia of the mac-
ula. Temporal to the posterior pole, the small
veins in particular are somewhat tortuous. An-
terior to the equator the retinal vessels end in a
clearly defined zone which is the central demarc-
ation of the avascular peripheral retina. This is
visible between 7 and 11 o’clock. Between 9 and
11 o’clock, retinoschisis in this region extends to
slightly central to the equator. A few small retinal
vessels are visible in the centre of this retinoschisis.
The remainder is avascular, and this avascular
part comprises a small circular defect. No visible
retinal exudates or neovascularizations.

OS: The posterior pole shows a vasculature which
resembles that in OD, but without distinct mac-
ular ectopia. The retinal periphery is avascular
between 1 and 5 o’clock. No complications.

Bilateral peripheral retinal vascular changes consistent with a diagnosis of

DEVR.

Subject III-3 (04-05-46)

History

Acute iridocyclitis at age 31, with smooth recovery after treatment. General
physical examination failed to disclose the cause of this inflammation. At

present no visual complaints. Birth weight was 1500 g, but no record of neo-
natal oxygen administration.
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Opthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

Conclusion

VOD: 1.0, uncorrected.

VOS: 1.25, uncorrected.

Straight.

ODS: Normal.

ODS: Normal structure, no cells.

ODS: Normal posterior pole. Temporal retinal
sector avascular. Especially in OS, this sector is
somewhat whitish but there are no defects, pig-
mentations or exudates. The avascular retina is
demarcated on the central side by delicate ter-
minal ramifications of retinal vessels. The vascular
pattern central to the equator is virtually normal,
so that the changes are not very conspicuous.

Subtle vascular changes in the temporal retinal periphery ODS, consistent
with a mild manifestation of DEVR.

History

No visual complaints apart from a possibly viral inflammation OD, which was
cured by treatment and did not relapse. Birth weight 2500 g. No neonatal

oxygen administration.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

Conclusion

VOD: 1.25, uncorrected.

VOS: 1.0, uncorrected.

Straight.

ODS: Normal.

ODS: Normal.

ODS: Normal posterior pole, normal pattern of
vasculature also in the more peripheral areas of
the posterior fundus. Peripheral to the temporal
equator, however, the retinal vessels terminate in
multiple ramifications; consequently the retina
anterior to the midline between equator and ora
serrata, near the horizontal meridians, is avas-
cular. No other changes are visible in the avas-
cular temporal retinal sectors.

Slight vascular anomalies in the temporal retinal periphery ODS, consistent

with DEVR.
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Subject III-5 (07-10-51)

History

This woman has worn spectacles (subsequently contact lenses) for correction
of myopia since age 7. No abnormalities other than the myopia believed to
have been diagnosed. Birth weight some 3000 g. Good general health.

Ophthalmological examination

Visual acuity

Eye position

Anterior segments
Vitreous

Fundi

VOD: S—4.00.6.

VOS: S —4.50.6.

Straight. Corneal reflex OD decidedly nasal and
slightly too high. Corneal reflex OS only nasal.
The consequence is divergent pseudostrabismus
and deorsumvergence OD.

ODS: Normal.

ODS: Moderate syneresis. Posterior vitreous de-
tachment OD. No cells.

OD: The retinal vessels of the posterior pole take
a distinctly stretched course in temporal direc-
tion. Marked temporal and slightly inferior ec-
topia of the macula. The area central to the tem-
poral equator shows an abundance of mostly rad-
ial retinal vessels which, slightly more anteriorly,
end in a well-defined zone of irregular terminal
ramifications. The retina peripheral to this zone
is quite avascular. Near 9 o’clock, a relatively
large arteriole and venule take a radial course as
far as the demarcation of the avascular retina,
where a partly fibrosed fan-shaped neovascular-
ization is localized on the retinal surface, im-
mediately peripheral to the demarcation of the
avascular retina. No visible retinal defects or ex-
udates.

OS: The vessels in the posterior pole show more
pronounced distortion in temporal direction than
in OD, giving rise to the features of dragged disc.
In most of the temporal periphery the retinal ves-
sels terminate anterior to the equator, thus de-
marcating an avascular peripheral zone. At 3
o’clock, a small fibrosed neovascularization is
visible just outside the zone of the most peri-
pheral retinal vessels. Slightly central to this struc-
ture, the vascular retina contains small exudates.
The nasal fundus periphery shows a normal ret-
inal vasculature. At the extreme periphery in the
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superior nasal quadrant, several pigmentations
are seen in a zone parallel to the ora serrata. No
visible retinal defects.

Unmistakable symptoms of DEVR with small, partly fibrosed retinal neo-
vascularizations in both fundi.

Subject I11-18

I found unmistakable anisometropia in this 37-year-old man. VODS was good,
and the fundi showed no symptoms of DEVR. His two daughters (IV-9 and
IV-10) showed amblyopia OS due to anisometropia. In these girls, too, no
distinct anomalies were found in the fundus periphery.

Subject III-23 (07-02-58)

History

No visual complaints. Birth weight 4000 g.

Ophthalmological examination

Visual acuity

Eye position
Anterior segments
Vitreous

Fundi

Conclusion

VOD: S — 5.75/Cyl. — 0.5 axis 7° 1.0.

VOS: S —4.75/Cyl. — 0.5 axis 0° 1.0.

Straight.

ODS: Normal.

ODS: Normal.

ODS: Blond fundi. The choriocapillaris seems
very thin so that the course of the large choroidal
vessels is clearly visible. In the posterior pole the
disc, macula and configuration of retinal vessels
are normal. Between the posterior pole and the
temporal equator ODS, a fair number of retinal
vessels are seen, some of which are decidely tor-
tuous. These vessels terminate in short ramifi-
cations anterior to the equator. The peripheral
retina is avascular in the temporal sectors, and in
OS slightly whitish. No retinal defects, exudates
or neovascularizations.

Slight bilateral peripheral retinal vascular changes consistent with a diagnosis

of DEVR.
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CHAPTER 4

RESULTS AND DISCUSSION OF THE FAMILY STUDIES

This chapter discusses the results of the nine family studies presented in the
previous chapter, and compares them with data on DEVR in the literature.

4.1 Numbers of affected and probably affected persons in the various
families

The nine families included a total of 75 persons in whom DEVR was diagnosed.
In 12 additional persons, symptoms were found which were probably due to
DEVR but could not be identified as such with certainty. In most cases this
diagnostic uncertainty was caused by the extreme slightness of symptoms or
by imperfect visibility of the lesions due to a variety of causes. In some of the
12 persons the diagnosis was not entirely certain because neonatal oxygen ad-
ministration was on record, so that the possibility of retrolental fibroplasia
could not be totally excluded.

This chapter designates as “affected family members” only those who are
included in the abovementioned group of 75 persons (marked in full black in
the pedigree). The text or the tables explicitly refer to persons in whom the
diagnosis is probable but not entirely certain (Hatched markings in the
pedigree).

The numbers of persons with DEVR encountered in the various families
are listed in Table 1.

Table 1. Distribution of subjects with evident or probable DEVR in
the nine families studied.

Family Number of subjects Number of subjects
with evident DEVR with probable DEVR
A 17 4
B 4 —
C 13 4
D 15 1
E 2 0
F 3 0
G 2 —
H 11 3
I 8 -
Total 75 12
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Table 2. Sex distribution of subjects with evident or probable DEVR.

Total Male Female

Number of subjects with evident DEVR 75 39 36
Number of subjects with probable DEVR 12 6 6
Total 87 45 42

4.2 Age and sex distribution of the affected and probably affected persons

The sex distribution of the affected and probably affected persons in the
various families is indicated in Table 2. As expected on the basis of the postu-
late of autosomal dominant transmission (see also Chapter 5), the sex distri-
bution approximates a 1:1 ratio.

The age distribution of the affected and probably affected persons in the
nine families is indicated in Table 3, on the basis of the person’s age at the
time of examination in the context of this study. Whenever an individual was
examined several times over a longer period, the age at the first examination
by me is indicated in the table. The table shows predominance of adolescents
and young adults, whereas young children and aged individuals are underrep-
resented.

4.3 Visual acuity

A considerable number of the affected persons had shown unilateral or some-
times bilateral diminution of visual acuity in childhood. A large number, how-
ever, had never had any visual complaints. In the latter category my examin-
ation sometimes revealed unilateral or bilateral subnormality of visual acuity,
but normal VODS was often found. That mild manifestations of DEVR often
cause no or hardly any diminution of visual acuity has already been demon-
strated by Gow and Oliver (1971), by Laqua (1980) and by Ober et al. (1980).

Table 3. Age distribution of subjects with evident or probable DEVR.

Age in years Number of subjects Number of subjects
with evident DEVR with probable DEVR

0- 9 3 -

10-19 19 3

20-29 19 7

30-39 8 -

40-49 9 -

50-59 13 2

60-69 2 —

70-79 2 -




183

Table 4. Best-corrected visual acuity of 144 eyes with evident DEVR.

Visual acuity Number of eyes %
1.0 or better 57 40
0.6-0.8 45 31
0.3-0.5 10 7
0.1-0.2 8 6
1/60-5/60 12 8
light perception — 4/300 3 2
no light perception 9 6

Table 4 shows the distribution of visual acuity values in 144 eyes of affec-
ted members of the various families. For patients whose visual acuity changed
in the course of the study, the last known value is recorded. The table shows
that relatively few eyes had severely reduced visual acuity: in only 32 of the
144 eyes (22%) was visual acuity 0.2 or less.

A striking finding was the frequent difference in visual acuity between the
eyes of the same individual. Poor visual acuity in one eye and good visual
acuity in the other is not uncommon. This difference in function distinguishes
DEVR from most other hereditary retinal anomalies, in which a high corre-
lation of the visual acuity of the two eyes is usually found. This fact also im-
plies that many instances of DEVR are classified as unilateral conditions, and
that consequently the possibility of a hereditary affection is overlooked.

One of the consequences of the frequent presence of a marked difference
in function between the two eyes is that the number of persons with a serious
visual handicap as a result of DEVR is smaller than might be expected in view
of Table 4.

A relatively large number of individuals with poor visual acuity in one eye
had fair or good eyesight in the other.

In this study, visual acuity was as a rule determined for each eye separately,
and rarely binocularly.

In order to gain some impression of the degree of visual handicap, the vis-
ual acuity in the better eye of 72 persons with evident DEVR was listed.
Table 5 shows the distribution on this basis. Only 8 of the 72 affected per-
sons (11%) had a serious visual handicap (visual acuity 0.2 or less).

Table 5. Visual acuity of the better eye in 72 subjects with evident
DEVR.

Visual acuity Number of subjects %

1.0 or better 34 47
0.6-0.8 25
0.3-0.5

0.1-0.2

1/60-5/60

light perception — 4/300
no light perception
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4.4 Refraction

The refraction of 126 eyes of 75 affected persons was determined subjectively
or cycloplegically. Of course this was impossible in eyes with intensive media
opacities.

The spherical equivalent of the refraction anomaly of these 126 eyes
(spherical value — 4 x cylindrical value in diopters) was calculated. The dis-
tribution of the spherical equivalents (rounded up to whole diopters) of these
126 eyes is presented in Table 6, which shows that myopia is more frequent
than hypermetropia, and that the myopic anomaly as a rule exceeds the hy-
permetropic anomaly.

Astigmatism of 1 diopter or more was found in 43 of the 126 eyes (34%).
In 21 eyes (17%) astigmatism was 2 diopters or more.

Anisometropia also proved to be quite common: refraction ODS was deter-
mined in 57 affected persons; 18 (32%) showed anisometropia of 1 diopter or
more, either in spherical or cylindrical value.

In summary it can be stated that our patients with DEVR relatively fre-
quently showed myopia, and especially myopic astigmatism, as well as aniso-
metropia.

Although reports so far published on DEVR do not always specify the re-
fraction in all cases, myopic astigmatism would seem to be quite common in
other studies as well.

Only incidentally did I perform biometric measurements, and it is there-
fore impossible to establish to which extent the refraction anomalies found
correlated with changes in eye axis length.

To my mind, the above described refraction anomalies in DEVR closely re-
semble those of retrolental fibroplasia (RLF), in which myopia, astigmatism
and anisometropia occur frequently (Reese and Stepanik, 1954; Fletcher and

Table 6. Spherical equivalents of 126 eyes with evident DEVR.

Spherical equivalent (D) Number of eyes
— 10 or more 5

—9 _

-8 5

—7 _

—6

|
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Brandon, 1955; Hittner et al., 1979). The close similarity in clinical features
between the two conditions is suggestive of a similar pathogenesis of the re-
fraction anomalies found in them.

4.5 Amblyopia

In 11 of the 75 affected persons, unilateral diminution of visual acuity was
found which could not be ascribed to anomalies in the posterior pole of the
fundus but apparently resulted from amblyopia (V-33, V-29 and V41 in the
A family; IT1I-5 and IV-12 in the C family; VI-21 in the D family; IV-6, III-3,
1114 and IV-1 in the H family; IV-1 in the I family). The majority of the
patients mentioned showed anisometropia.

These findings seem to warrant the conclusion that amblyopia is a not un-
common complication of DEVR, and that anisometropia plays an important
role in its pathogenesis.

So far as I know there are no previous reports on amblyopia as a compli-
cation of DEVR. This complication has important diagnostic as well as thera-
peutic implications: when examining children with amblyopia, DEVR should
be considered as a possible cause of the anomaly, especially when there is an-
isometropia as well. Since symptoms in the posterior pole of the fundus are
often absent in DEVR, the diagnosis can be easily overlooked.

Therapeutically, early diagnosis and treatment of amblyopia in young chil-
dren with DEVR is important (see also Chapter 6).

4.6 Nystagmus

Unmistakable pendular nystagmus was observed in 4 persons (VI-3 in the D
family. III-4 and IV-1 in the F family;II-2 in the G family). Visual acuity was
severely diminished in all.

Unilateral latent nystagmus was found in one person (V-12 in the D fam-
ily), in the eye with poor visual acuity. The presence of pendular nystagmus
suggests that the lesions of the posterior pole have developed in the first years
of life.

In the literature I found 7 patients with DEVR who showed nystagmus
(Gow and Oliver, 1971; Slusher and Hutton, 1979; Laqua, 1980; Dudgeon,
1980). All showed poor visual acuity.

4.7 Eye position

The position of the visual axes (eye position) was examined in 70 of the 75
DEVR patients. Strabismus was found in 15: convergent in 9 and divergent in
6. Some had undergone a strabismus operation in the past, and the primary
eye position could no longer be traced.
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Pseudostrabismus due to an abnormal kappa angle was frequently found.
This phenomenon results from an abnormal position of the macula. At ex-
amination the kappa angle was not measured but the position of the corneal
fixation on a lamp was recorded for each eye separately. This corneal reflex
often showed an abnormal position: nasal or superior nasal displacement in
nearly all cases. This corresponded with the temporal or inferior temporal ec-
topia of the macula in DEVR.

The position of the corneal reflex was not recorded for all persons with
evident DEVR. With eyes which have no or poor fixation, moreover, it is im-
possible to gain an impression of the kappa angle. Of the 95 eyes of DEVR
patients, 24 (25%) showed an abnormal position of the corneal reflex which
suggested an increased positive kappa angle. The degree of enlargement of the
kappa angle differed widely. Not infrequently the size of this angle in the two
eyes differed significantly. (Figure 104).

Displacement of the corneal reflex is a readily observable symptom of im-
portance in the diagnosis of DEVR. In the examination of family members its
presence is often the first indication of pathology.

4.8 Intraocular pressure

Intraocular pressure was determined by applanation in 26 DEVR patients. It
exceeded 20mm Hg in 2 of the 52 eyes : IV-16 in the A family (OD 21 mm

Figure 104. Pseudodivergent position OS due to enlarged positive kappa angle (IV-1 I).
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Hg) and I1I4 in the F family (OS 22 mm Hg). In both cases this value was
measured in an eye without light perception, showing marked changes in the
anterior segment and vitreous.

Two patients had a history of secondary glaucoma in an eye with poor
function (1114 in the F and II-2 in the G family). The literature incidentally
mentions secondary glaucoma as a complication of DEVR (Laqua, 1980). In
none of the members of the various families I examined did I find indications
of primary glaucoma.

4.9 Anterior segment

Anomalies of the anterior segment were uncommon; they were found only in
eyes with severe changes in fundus and vitreous and poor visual acuity.

Various stages of band keratopathy were observed in a few eyes without
light perception (IV-18 in the D, III-2 in the B and III-4 in the F family) or
with very poor visual acuity (III-4 in the F family). A diminished corneal dia-
meter was found only in eyes with extensive vitreous organizations (IV-18 D
and II-2 G).

One affected family member showed a very slight haze in the cornea ODS.
At slit-lamp examination this patient’s endothelium showed no further anom-
alies, and VODS was good.

No corneal anomalies were found in the remaining DEVR patients.

A shallow anterior chamber was found only in a few eyes with very marked
changes (1114 D and II-2 G).

In no case were gonioscopic anomalies of the iridocorneal angle observed
which might suggest a developmental disorder in this area. In some eyes with
marked changes, many secondary anomalies had developed in the iridocorneal
angle due to synechiae. Gonioscopy of such eyes was often impossible due to
band keratopathy.

Irritation of the anterior segment, manifested by the presence of cells and
a flare in the aqueous humour, was likewise found only in eyes with partial or
total retinal detachment (V-25 A, V-16 A, III-5 B and II-2 G). In most cases
this irritation seemed not very intensive but often it was nevertheless not
possible to suppress it entirely by local application of mydriatics and cortico-
steroids.

Synechiae, often associated with some atrophy of the iris, were observed
only in advanced stages of the disease. They were usually posterior synechiae
(V-25 A, V-16 A, 1V-16 D, III-2 B and II-2 G), although anterior synechiae
were occasionally found (I11-4 F).

I myself never found rubeosis iridis, but there are two reports on this com-
plication in DEVR, in both cases after operative treatment of retinal detach-
ment (Criswick and Schepens, 1969; Laqua, 1980). The presence of rubeosis
iridis is not unexpected because DEVR is a potentially proliferative retino-

pathy;
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Cataract as a complication of DEVR also seems to be confined to severe
cases. A few patients showed a local opacity of the posterior lens capsule at
the site of attachment of a vitreous strand (VI-3 D, VI-1 F and 1114 F). The
opacity was always localized in the temporal sector of the posterior lens cap-
sule, and showed little tendency to progression.

In eyes in which extensive vitreous organizations had developed, as a rule
with total retinal detachment, the lens had become totally cataractous (V-25
A, V-16 A, IV-16 A, IV-18 D, III-2 B. II-2 G and III-4 F). In several of these
eyes the lens had shrunken due to dehydration, and sometimes disintegrated.
Glittering calcifications were often visible in the opaque lens mass.

Some persons showed cataractous changes in the lenses which, unlike
those in the abovementioned cases, seemed to be unrelated to DEVR. Most of
these persons were middle-aged or older and showed bilateral mild-to-moderate
cortical opacities or nuclear sclerosis of the lenses (IV-10 A, IV-13 A 1131,
IV-15 D, 1V-2 D).

No eye examined showed evidence of congenital cataract or congenital
malformation of the lens.

To summarize: the findings obtained in 146 eyes of 75 DEVR patients and
24 eyes of 12 probably affected persons warrant the conclusion that DEVR is
not accompanied by primary developmental disorders of the anterior segment
of the eye, and that changes in this part of the eye as a rule develop only as a
complication of marked changes in the fundus and vitreous space. This con-
clusion is supported by similar observations in DEVR studies so far published.

4.10 Vitreous

The available literature gives varying interpretations of the incidence and sig-
nificance of vitreous changes in DEVR. In their original publication, Criswick
and Schepens (1969) mentioned extensive changes in the vitreous and in fact
speculated on the possible importance of vitreoretinal adhesiors in the patho-
genesis of ischaemia of the peripheral retina. Gow and Oliver (1971) attached
less importance to vitreous involvement in the family members they studied
than did Criswick and Schepens (1969). Ober et al. (1980) considered vit-
reous changes not to be essential for a diagnosis of DEVR, and Laqua (1980)
maintained that DEVR is not so much a vitreoretinopathy as rather an affec-
tion of the small peripheral retinal vessels.

For more exact determination of the incidence and pathogenesis of vitreous
changes in DEVR, I performed extensive vitreous examinations and classified
the changes found (Table 7).

The vitreous was studied in 148 eyes of 74 evident DEVR patients. In a
number of these eyes visual inspection of the vitreous space was impossible
due to cataract or retrolental membranes. Although it was beyond doubt that
extensive vitreous organizations were present in such cases, often associated
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Table 7. Vitreous findings in 148 eyes with evident DEVR.

Vitreous findings Number of %
eyes

Syneresis and liquefaction 31 21
Delicate white particles 22 15
Pigment cells 8 5
Vitreous haemorrhage 3 2
Preretinal membranes and opacities 23 16
Membranes in various parts of the vitreous 25 13
Local glious mass 5 3
Extensive retrolental organizations with

total retinal detachment 7 5
Normal vitreous 71 52

with total retinal detachment, other intravitreous changes could of course not
be established. In 147 of the 148 eyes examined, the assessment of the vit-
reous was based on clinical observations; in one eye (IV-1 F) it was based on
histological findings.

Syneresis and liquefaction

The vitreous fibrils in a number of eyes had condensed to form ropey struc-
tures separated by optically empty lacunae. In most instances these changes
were associated with abnormal mobility of the vitreous as a result of reduced
viscosity. Such features were seen in 31 of the 148 eyes (21%) in varying de-
grees. Some syneresis and liquefaction of the vitreous is frequently observed in
older individuals (Goldmann, 1964). It is therefore plausible that the changes
found in several older persons in this study are not related to DEVR. How-
ever, a few younger family members showed distinct vitreous syneresis which
was probably related to DEVR.

Delicate white particles

In 22 eyes (15%) the vitreous contained very delicate white particles which
were not very conspicuous at slit-lamp examination. Their origin remains ob-
scure.

Pigment cells

Pigment cells of a brown colour and much larger than the abovementioned
particles were found in 8 eyes (5%) with evident DEVR. Most of these eyes
showed rhegmatogenic retinal detachment (III-5 B and IV-6 H) or had been
previously treated for retinal detachment or peripheral retinal defects (III-3
H). One eye in which the vitreous contained pigment cells showed a retino-
schisis in which defects were localized (II-2 E); two eyes showed no retinal de-
fects (IV-2 H and IV-1 H).

Vitreous haemorrhages
Vitreous haemorrhages were rarely observed in this study. Some pre-retinal
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blood was found in the immediate vicinity of the vascular proliferations in
III-5 B. In V-16 A, retrolental haemorrhages OD had been previously observed
during the period of loss of light perception in this eye. Histological examin-
ation disclosed a vitreous haemorrhage in OD in IV-1 F. Our findings show
that vitreous haemorrhages are rare in DEVR, and confined to very severe
cases.

Preretinal opacities and membranes

Delicate membranes or opacities were found in the preretinal vitreous space
in 23 eyes (16%), as a rule in the temporal fundus periphery. The changes
ranged from delicate astructural opacities to well-defined membranes. The
latter often attached to the central side of the retina. It seems likely that such
membranes are often identical to the posterior vitreous membrane which in
the periphery has detached itself from the retina, as already postulated by
Criswick and Schepens in 1969. In some eyes, such preretinal membranes
showed spotty opacities, probably representing a film of proteins originating
from leaking vessels in the equatorial retina.

Membranes in various parts of the vitreous space

In 6 eyes (4%), membranes were found in various parts of the vitreous space
in the absence of fibrovascular organizations throughout this space. These
eyes as a rule showed extensive fundus changes, usually with partial or total

Figure 105. Mass of white proliferative tissue connected with the peripheral part of a
falciform retinal fold in the inferior temporal fundus quadrant OS (V-24 A).
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retinal detachment. The small number of eyes with vitreous changes of this
type is probably explained by the relatively rapid progression to total vitreous
organizations.

Local massive organizations

Local masses of proliferative tissue were found in 5 eyes, without exception
in the extreme temporal periphery of the fundus and firmly attached to the
pars plana and often also to the posterior lens capsule. In most cases, the peri-
pheral end of a raised falciform retinal fold ended in such a white mass (Fig-
ure 105). The appearance and localization of these tissue masses, which prove
to be highly vascularized at fluorescein angiography, suggest that they orig-
inate from local retinal neovascularizations. A striking feature is the stationary
character of these local vitreous organizations. Neither their history nor their
appearance indicated progression.

Marked retrolental vitreous organizations with total retinal detachment.

In 7 eyes, none of which had light perception, extensive vitreous organizations
and cataract made it impossible to inspect the vitreous space. Although the
position of the retina could not be clinically established in these eyes, it must
be assumed that in all cases the neuroretina had become totally detached
from the pigmented layer. One eye (OD of IV-1 F) was examined histolog-
ically (see page 215). In three eyes (ODS of II-2 G, OS of V-25 A), ultrasono-
graphy disclosed the presence of tissue organizations throughout the vitreous
space. Nearly all publications on DEVR mention eyes with similar catastrophic
manifestations of the condition.

Normal vitreous

Although widely diverse vitreous changes were frequently found in DEVR,
the vitreous proved to be entirely normal in more than 50% of all cases. I was
unable to find any vitreous changes in 77 (52%) of the eyes of evident DEVR
patients. The absence of vitreous changes in so many patients suggests that
the development of the secondary vitreous is undisturbed, unlike that in, for
example, Wagner’s syndrome.

It seems to me that the vitreous changes in DEVR are secondary to the ret-
inal vascular disorders.

Undoubtedly, the massive vitreous organizations observed in severe cases
are a direct result of vascular proliferations from the retina. The pathogenesis
of the more subtle changes in the vitreous space is less obvious. It seems to
me that chronic leakage from retinal vessels can be held responsible, at least
in part, for these changes.
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4.11 Fundus

4.11.a Biomicroscopic changes
The following is an orderly account of the fundus changes observed at con-
tact lens examination. A survey of these changes, indicating their incidence in

the eyes of evident DEVR patients, is presented in Table 8.

Table 8. Biomicroscopically visible fundus changes in 141 eyes with evident DEVR.

Changes Number of eyes %

Abrupt termination of retinal vessels in the temporal 118 84
equatorial zone
Increased number of small vascular branches between

posterior pole and temporal equator 89 63
Tortuous peripheral venous branches 56 40
Neovascularizations 10 7
Deformation of retinal vessels in posterior fundus 84 60
Macular ectopia 67 48
Dragged disc 7 5
Intraretinal or subretinal exudates 16 11
Retinal pigmentations 32 23
Retinal haemorrhages 2 1
Retinal defects 15 11
White changes of the peripheral retina 30 21
Atrophic areas of choroid and pigmented layer

of the retina 20 14
Retinoschisis 7 5
Retinal detachment*(not falciform) 6 4
Falciform fold 7 5

*Only cases of treated or untreated retinal detachment in which examination of the
fundus was feasible

Abrupt termination of retinal vessels in the temporal equatorial zone

The area in which these changes were usually most clearly visible was the
equatorial zone of the temporal half of the fundus, in the sector between
7 and 10 o’clock in OD and between 2 and 5 o’clock in OS.

The phenomenon, which is highly characteristic of DEVR, can usually be
established by biomicroscopy. Since the capillary bed of the retina is not vis-
ible in biomicroscopy, the phenomenon can only be observed in the small ar-
terial and venous branches of the retina in the equatorial zone. Abrupt ter-
mination of such vessels in the equatorial zone is a characteristic feature of
DEVR. Also characteristic is that several adjacent vessels terminate in the
same zone (Figure 106).

Abrupt termination of the retinal vasculature was biomicroscopically ob-
served in 84% of the eyes with evident DEVR. In the remaining 16%, media
opacities precluded examination of the retinal periphery.
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Figure 106. Abrupt termination of retinal vessels in the temporal equatorial zone OS.
Small fibrotic neovascularization near the demarcation between vascular and avascular
retina (V-11 D).

Increased number of arterioles and venules

A frequent symptom of DEVR is an abnormally large number of vascular
ramifications in the area between the posterior pole and the temporal equator
(Figure 107). These vessels often take a decidely parallel course, the angle be-
tween the various ramifications being narrow.

Tortuous venules

Not infrequently, the small venous vessels in the same area posterior to the
temporal equator are abnormally tortuous. This tortuosity contrasts with the
conspicuous straightness of the arterioles in the same retinal area (see Chapter
3, Figure 62).

Neovascularizations

The presence of neovascularizations in the retina or in the preretinal vitreous
space is not unusually frequent in DEVR. Such neovascularizations as are
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