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there was a mild afferent pupillary defect, suggesting
that a greater degree of inner retinal damage occur-
red before sufficient circulation could be established.
The development of arterial collaterals can be

observed experimentally within days after occlusion
of retinal vessels with emboli.2 Indeed most of the
clinical descriptions have shown collaterals circum-
venting a visible blockage of a retinal artery, either
central or peripheral. Jensen' described the appear-
ance of such collaterals within a few weeks, and their
formation probably begins very soon after occlusion.
Why are they not seen more frequently? Several
factors probably contribute to their scarcity. Firstly,
if the vascular occlusion is severe (as is often the
case), vascular tissue will be damaged and unable to
support collateral circulation. Secondly, if the inner
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retinal neurons are severely damaged, metabolic
demand may be insufficient to justify collateral
formation even if the vasculature survives. Thirdly, if
the blockade is relieved (for example by passage of an
embolism or relief of spasm) the need for collateral
circulations will be eliminated. Fourthly, if the
pathophysiology of occlusion included more proxi-
mal vascular disease, such as occlusion of the internal
carotid artery, there might be concomitant ischaemia
of the choroidal circulation and insufficient flow to
support collaterals. For example, chronic retinal
ischaemia from carotid occlusive disease may lead to
a fundus picture of venous congestion and stasis,5
possibly on the basis of ischaemic damage to the
vasculature. Since the site of occlusion is outside the
orbit, the ischaemia is not correctable by the forma-
tion of cilioretinal collaterals.
Only if these various conditions are absent, if a

relatively focal blockage exists in the retinal arterial
tree, and if sufficient retinal and choroidal flow exists
to maintain at least minimal retinal and vascular
viability, will collaterals be able to form. This set of
conditions could exist after an embolic block which
still allows a trickle of blood to get through. Indeed
this seems to be the situation in the right eye of case 1,
in which a branch arteriole, partly occluded by an
embolus, is just beginning to develop collaterals.
Alternatively, gradual closure of the retinal vessel by
sclerosis or thrombus formation, or by recurrent tiny
emboli, might encourage the widening of collateral
channels. Case 1 shows clearly that once collaterals
have developed, good retinal function can be main-
tained through a ciliary supply. The existence of
occasional patients with absent retinal arteries and a
congenital cilioretinal arterial supply to the retina
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Fig. 5 Fluorescein angiograms ofthe left eye ofcase 2. Thepresence ofcilioretinal arteriolar collaterals is confirmed.
A. Arterialphase. B. Arteriovenous phase. C. Venous phase.
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confirms this observation. We consider the lesions in
our patients were clearly acquired and not congenital.

In cases where there is no history of sudden visual
loss, arterial collaterals must be distinguished from
other vascular abnormalities. Venous collaterals may
develop in conditions such as central retinal vein
occlusion or an optic nerve sheath mengingoma
which blocks venous drainage,6 but the venous nature
of the collateral circulation should be evident on
fluorescein angiography. Arterial collaterals fill im-
mediately as fluorescein enters the eye and before the
venous phase has begun, whereas venous collaterals
will be seen to fill during the venous phases of the
angiogram. Many vascular anomalies of the retina
and optic disc have been described, such as familial
arteriolar tortuosity' or prepapillary loops.8 These
are unlikely to be confused with the characteristic
pattern formed by tortuous collaterals arching over a
zone of narrowed or absent retinal artery. Collateral
vessels may resemble neovascularisation, and this
distinction is important because the presence of neo-
vascular growth would signify continued ischaemia
and a possible need for photocoagulation therapy.
Furthermore both may be present concomitantly.'
Retinal and optic disc neovascularisation is rather
rare after retinal artery occlusion and more often
seen in the presence of carotid occlusive disease.9"
However, since carotid disease is not uncommon in
patients with retinal artery occlusive disease, separat-
ing the contribution from each entity may not always
be easy. New vessels, like collaterals, do not ordinarily
develop after a complete retinal artery occlusion,
because little viable retinal tissue remains. If the

occlusion is more gradual, or conditioned by pre-
existing central ischaemia, then neovascularisation of
the retina and anterior segment may develop. The
diagnosis can be confirmed by fluorescein angio-
graphy, which will show a leakage of dye from
neovascularisation but not from arterial collaterals
(as in these present cases), which retain tight junctions.
Gary Lissner, MD, allowed us to report case 2.
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