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Fig. 1 Retinal capillary closure (C. C.) leads to retinal
ischaemia or hypoxia. The ischaemic areas liberatepresumed
angiogenic substances to stimulate neovascularisation in
adjacent areas of the retina, on the optic disc, and on the iris.

has been well documented. It is important to point
out that Ashton suggested earlier from his flat retinal
preparations of eyes from patients with diabetic
retinopathy the important role of retinal capillary
closure in diabetes.8 His laboratory observations have
now been abundantly confirmed in clinical fluorescein
studies of patients with diabetic retinopathy.
Examining the neovascularisation that occurs in

proliferative diabetic retinopathy, it is important to
recognise that retinal neovascularisation is always

rlg. 2 rluorescein angiogram on a patient wlth
background retinopathy. Note large areas ofcapillary
nonperfusion (arrows). A few months after this angiogram
the patient developed extensive retinal neovascularisation.

preceded by the appearance of capillary non-
perfusion. Retinal nonperfusion also is noted in
branch vein occlusion prior to the development of
neovascularisation. Since in branch vein occlusion
the time of onset of the vascular closure can
frequently be precisely documented, it is of interest
that in general the neovascularisation in the patient
with a major branch vein obstruction occurs
approximately 1 year on average from the onset of
the vascular occlusion. In the diabetic patient the
greater the degree of capillary nonperfusion, the
greater the likelihood for the development of neo-
vascularisation (Fig. 1). Similarly, in branch vein
occlusion generally only those patients with large
areas of capillary closure have a significant incidence
of subsequent retinal neovascularisation.
The clinical and experimental observations in the

proliferative retinopathies are consistent with the
working hypothesis that retinal ischaemia or hypoxia
produced by retinal capillary closure may lead to the
production of a biochemical substance, 'angiogenesis
factor' or 'vasoproliferative (vasoformative) factor.'
Fig. 1 is a schematic representation of the non-
perfused (ischaemic) retina liberating the hypo-
thetical angiogenesis substance(s). The angiogenesis
material is presumed to stimulate retinal neovascular-
isation either adjacent to the ischaemic areas in the
retina, at the optic disc, or anteriorly on the surface of
the iris. In suggesting this hypothesis for the
development of retinal neovascularisation it is
important to emphasise that this is only a suggested
mechanism which is consistent with both the clinical
and experimental observations cited above, and the
hypothesis remains to be proved (Fig. 2).

It is generally believed that other stimuli may be
responsible for the development of retinal neovascu-
larisation. For example, optic disc neovascularisation
is a well recognised complication of the inflammatory
condition of ocular sarcoidosis. Doxanas and co-
workers9 have recently reported the complete
resolution following the administration of anti-
inflammatory steroid medication. Another example
of inflammation as an apparent source of retinal neo-
vascularisation is the report of Shorb and associates,'0
who observed several cases of optic disc neovascular-
isation associated with chronic uveitis, where
fluorescein angiography revealed essentially good
retinal capillary perfusion.

Photocoagulation and retinal ischaenia

Panretinal photocoagulation for proliferative diabetic
retinopathy has been clearly shown to be beneficial in
the Diabetic Retinopathy Study. "I Panretinal photo-
coagulation involves treatment not directed towards
the abnormal neovascularisation directly but to the
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surrounding, presumably ischaemic, retinal tissue.
Not only is the continued proliferation of the new
vessels halted following this treatment, but after pan-
retinal treatment the existing neovascular channels
atrophy, leaving little or sometimes no residua. From
the histological studies of several investigators we
propose, along with other investigators, that the
ischaemic inner layers of the retina are altered by
panretinal photocoagulation, so that the ischaemic or
hypoxic stimulus to retinal neovascularisation is
eliminated. It is paradoxical that the major site of
laser photocoagulation response is in the outer layers
of the retina, yet the ischaemic portion of the retina
involves primarily its inner layers. Two related
theories taking into account these histopathological
observations have been proposed.

(1) Destruction of photoreceptor and pigment epi-
thelial layers increases oxygen available for the inner
layers. Weiter and Zuckerman'2 estimated that the
photoreceptors and pigment epithelium consume
two-thirds of the total oxygen used by the retina.
Destroying these layers should enable a much greater
concentration of oxygen to diffuse across the retina
from the choriocapillaris to reach the inner ischaemic
or hypoxic retinal layers.

(2) Increased oxygen tension in the inner retinal
layers after photocoagulation constricts the
retinal vessels, especially those feeding the
neovascularisation.
Wolbarsht and Landers"3 measured the retinal

tissue oxygen levels at the internal surface of the
retina in experimental animals and found that Po2
levels were essentially the same in normal and photo-
coagulated areas. After mechanically blocking the
central retinal artery at the optic disc the Po2 level at
the surface of the retina dropped in both the normal
and photocoagulated portions of the retina.
However, they observed that in normal or nonphoto-
coagulated retina the Po2 level was lower than in the
laser treated retina. These results suggested that pan-
retinal photocoagulation increased the retinal oxygen
tension diffusing from the choriocapillaris to the
inner layers.

Goldberg"4 has carefully described the pathogenesis
of sickle cell retinopathy. The response of neovascu-
larisation to photocoagulation in sickle cell retin-
opathy has been recently reported by Rednam et al.,`
and it is similar to that observed in diabetic retin-
opathy. These investigators applied a scatter pattern
ofargon laser photocoagulation in the area ofvascular
occlusion, but deliberately avoided direct treatment
to the neovascularisation. In 24 of 28 eyes treated,
successful closure of the sea-fan resulted when the
neovascularisation was not significantly elevated. The
response of the neovascularisation to scatter treat-
ment in the avascular and presumably ischaemic retina

in these patients with sickle cell retinopathy is indeed
essentially similar to the response of disc neovascu-
larisation and retinal neovascularisation to panretinal
photocoagulation treatment in diabetic retinopathy,
and the response is consistent with the working
hypothesis of ischaemic retina's presumed liberation
of angiogenic substances.

Experimental studies on retinal neovascularisation

In the past decade several laboratories have been
extensively involved in basic studies on retinal neo-
vascularisation. Glaser and coworkers'6 have
identified a substance from the excised retina which
stimulated the growth of vascular endothelial cells in
tissue culture, stimulated endothelial cell migration,
and elicited the growth of new vessels on the chick
chorioallantoic membrane. This angiogenic substance
has now been identified in retinas from rabbits, cows,
sheep, dogs, and humans. D'Amore and coworkers"
have characterised this retinal angiogenesis
substance. A more detailed discussion of these and
related angiogenic, as well as angiogenic inhibitor
studies, has been recently reported. 18 t9

These studies were aided by a career award from The Seeing Eye,
Inc., and supported by a grant from the Helena Rubinstein
Foundation.
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