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Table S Ophthalmoscopic findings at the end of follow-up in chronic experiments.

Duration of Follow-up

Animal ischaemia period Optic disc Retina Macular region Retinal
number (minutes) (weeks) vessels
4 16} 134 Normal Normal Normal Normal
6 20 14 Normal Normal Normal Normal
11 45 10 Normal Normal Normal Normal
12 45} 13 Normal Normal Normal Normal
13 45 21 Normal Normal Normal Normal
14 52 20 SI pallor Normal Normal Normal
15 53 20 Normal Normal Normal Normal
20 60 14 Normal Normal Normal Normal
18 60 2% Normal Normal Normal Normal
21 60 22 Normal Normal Normal Normal
19 60 12 Normal Normal Normal Normal
26 75 20 Atrophic Atrophic ILM reflex Normal
28 75 22 Sl pallor Normal Normal Normal
27 75 20 Atrophic Atrophic ILM reflex Normal
25 75 4% Normal Normal Normal Normal
24 74 i* Normal Normal Normal Normal
32 90 12 ? Sl pallor Normal Normal Normal
33 90 13 Normal Normal Normal Normal
34 90 14 Normal Normal Normal Normal
41 97 19 SI pallor Loss of NFS except Yellow foveal Normal
in PMB discolouration
39 98 17 SI pallor Normal Normal Normal
42 97 19 S| pallor Normal Normal Normal
40 97 17 Sl palior Normal Normal Normal
52 105 16 Atrophic Normal-looking Normal Normal
50 105 14 Atrophic Normal-looking Normal Normal
49 105 13 Atrophic Atrophic Atrophic Narrow
51 105 14 Atrophic Atrophic Atrophic Narrow
58 138 14 Atrophic Atrophic Atrophic Normal-looking
56 134 13 Atrophic Atrophic Atrophic Narrow
57 135 14 Atrophic Atrophic Atrophic Narrow
61 275 3 Atrophic Atrophic Atrophic Narrow
62 280 13 Atrophic Atrophic Atrophic with old Narrow
ILMD border
markings
63 270 14 Atrophic Atrophic Atrophic with old Narrow
ILMD border
markings

*Animal died during follow-up. ILMD = Internal limiting membrane detachment. ILM = Internal limiting membrane. NFS = Nerve fibre
striation. PMB = Papillomacular bundle. SI = Slight.
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circulations communicate via the capillaries of the
optic disc, so that, in OCAR, capillaries on the
surface of the optic disc (Fig. 1a), and even in the
peripapillary retina, can fill from the ciliary circu-
lation of the disc. Soon after OCAR, these anasto-
moses do not seem to contribute to the filling of
the CAR to any appreciable extent, but after a few
weeks these enlarge sufficiently.?*—28

(2) Anastomoses by the CAR. The artery in man
gives out pial branches in 95% and a variable
number of branches within the optic nerve in 75%
of cases.® The pial branches in the great majority
of cases establish prominent anastomoses with
other pial branches arising from other sources
(described and illustrated in detail elsewhere).?® At
the lamina cribrosa the CAR gives no branches. In
~ the present study, with the site of OCAR outside
the optic nerve, all the pial collaterals would still be
present and lead to filling of the CAR beyond the
site of occlusion. This was strongly suggested by
the fact that the CAR started to fill from its intra-
neural course and that in a number of these eyes
(e.g., Nos. 7, 13, 14, 21, 36, 42, 45, 46, 48, 52, 58)
once the filling of the artery started the flow was
fairly quick. These observations would strongly
suggest that, clinically, when a residual retinal
circulation is seen in OCAR, the site of occlusion is
probably where the artery pierces the dura mater
(i.e., the part of the artery with the narrowest
lumen?®') and in eyes with no residual circulation
(except filling of the capillaries on the surface of the
optic disc) the site of occlusion is likely to be in the
lamina cribrosa.

EFFECT OF ISCHAEMIA ON RETINAL
VASCULATURE
The present study provides important information
on this subject. The findings show that acute tran-
sient ischaemia of up to 44 hours does not produce
retinal capillary obliteration, but an acute transient
ischaemia of 6-74 hours or longer can produce
it.27 28 If the OCAR is permanent, no fluorescein
leakage is seen at any stage.?” 28

Retinal ischaemia is thought to upset the normal
retinal-blood barrier in the retinal capillaries.
Cunha-Vaz*> demonstrated in rats that temporary
ischaemia of 70 minutes and longer increased per-
meability first of the retinal arterioles and later, at
24 hours, led to preferential involvement of the
venous side. The permeability change was directly
related to the changes in the endothelial cells and
no passage of the tracer took place through the
interendothelial junctions, which were always
closed.?® Reinecke er al.® showed death of the endo-
thelial cells and finally of the mural cells in cats
after an experimental ischaemia of 1} hours by
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raised intraocular pressure. Our findings would
indicate that in spite of severe endothelial cell
damage by ischaemia it probably takes 23-3 hours
to produce fluorescein leakage with normal intra-
luminal blood pressure, and that too is only a
transient phenomenon lasting at the most 4-5 days,
with full recovery after that. This would also suggest
that acute ischaemic damage to the retinal endo-
thelial cells for up to 2} hours does not seem to
upset the retinal-blood barrier significantly. The
subject of the retinal-blood barrier in retinal vascular
occlusion is discussed at length elsewhere.?®

OPHTHALMOSCOPIC APPEARANCES
DURING OCAR

The classical description of this by von Graefe! 120
years ago, and numerous other clinical reports, are
essentially based on anecdotal observations, because
it is very rarely that a patient comes to an ophthal-
mologist within an hour or two of the occlusion.
There has been no systematic evaluation of the
ophthalmoscopic appearances at different time
intervals after the onset of angiographically con-
firmed OCAR in primates or man. The present
study provides such information (see above) for
transient retinal ischaemia up to 44 hours, and our
previous study?” 28 on longer or permanent OCAR.
One remarkable fact emerges from these 2 studies:
in spite of angiographically proved complete occlusion
of the CAR, it was not at all uncommon to find on
ophthalmoscopy normal-looking retinal vessels, mis-
leading an observer to believe that the retinal
arteries had a normal or almost normal blood flow.
This is a serious drawback in some of the observa-
tions reported in the preangiography era. Normal-
looking retinal vessels do not rule out a complete
OCAR. This study for the first time also provides
us information on the resolution pattern of retinal
ischaemic changes on restoration of retinal circula-
tion.

The cherry red spot, which is pathognomonic of
OCAR (Fig. 6a) is due to the normal red colour of
the retinal pigment epithelium (which is mostly
responsible for the normal colour of the fundus)
seen through the normal avascular zone of the
fovea (not supplied by retinal circulation), which
is not involved by the retinal ischaemia and conse-
quently the retinal opacity, while the surrounding
opaque retina masks the normal red colour of the
fundus background.

The peripheral fundus (around the posterior
retina) looks normal in OCAR. In this peripheral
part the retina is thin, with a thin nerve fibre layer
and sparse ganglion cells, so that choroidal blood
supply is probably sufficient to maintain the struc-
tural integrity of the retina.
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Retinal pigment epithelial degeneration of the
posterior retina was seen in all eyes with ischaemic
retinal atrophy in spite of normal choroidal circu-
lation, usually developing gradually 3 weeks after a
prolonged OCAR in this study and in our previous
experimental studies®” 2 and also seen clinically
with similar lesions. The exact mechanism of the
pigmentary degeneration is not known. Possibly,
ischaemic destruction of the Miiller cells has some
role to play in this.

INFLUENCE OF RESIDUAL RETINAL
CIRCULATION ON RETINAL
RECOVERY/SURVIVAL TIME

Watson* very well reflected the prevailing view that
if there is even a minimal retinal circulation after
OCAR it is possible to obtain a considerable
recovery in these eyes. The present studies clearly
showed that the existence of any small residual
retinal circulation after OCAR does not seem to
protect the retina, presumably because of its very
low oxygen tension. The duration of the retinal
ischaemia was almost always the principal determining
factor in the production of irreversible retinal damage,
i.e., the longer the ischaemia the more marked the
retinal damage. An occasional eye, however, showed
variation from this pattern and represented a
normal biological variation in response.

WHAT DOES REDNESS OF A NORMAL

OPTIC DISC REPRESENT?

The present study provides important information
on the subject. During OCAR the optic disc was
almost always pale. The main source of blood
supply to the disc is by the PCA circulation, with
the retinal arteries supplying only the surface nerve
fibre layer of the disc.2®2? In these eyes with OCAR
angiography showed perfectly normal PCA circu-
lation and normal filling of the prelaminar part of
the disc (Fig. la, 2a), and yet the disc was pale.
Also in our recent experiments with rhesus monkeys
a few minutes after all the PCAs were cut (but the
CAR left intact) the optic disc remained perfectly
normal in colour in the majority. A few showed
some pallor, mostly of the temporal region, because
of the PCA contribution to the surface nerve fibre
layer capillaries in that region.2 2 It appears, then,
that the normal redness of the disc is essentially due
to the filling of the capillaries in the surface layer of
the disc and not due to its deeper vessels. This further
confirms our previous observations that in a normal
optic disc redness of the disc is not a true guide to
its vascularity. 253

We are grateful to Dr Wayne March for his valuable help
with some of the studies in this investigation, particularly
with the fundus photography and angiography, to Mr James
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Swaner for his technical assistance, and to Miss Cynthia
Pokorny for her secretarial help. This study was supported
by the National Eye Institute grant EY-01576. Figs. 4a, 4b,
and 5a, 5b are reproduced from Van Heuven er al.2®
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