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Abstract. We used a pars plana approach to experimentally
induce retinal vein occlusions (RVO) in cats by the applica-
tion of electric energy near the veins at the optic nerve
head. This experimental model was utilized to study the
natural evolution of thrombosis in the cilioretinal veins,
which are located near the lamina cribrosa in the cat. We
observed that occlusion of the retinal veins occurs by the
formation of a thrombus and that with time there is asso-
ciated endothelial cell proliferation and recanalization in
each instance.

Introduction

Central retinal vein occlusion (CRVO) was first described
by Michel (1878), who demonstrated a cellular thrombus
in the central retinal vein in the eye of a patient. There
then followed a controversial series of papers by Coats
(1904a, b, 1913) and Verhoeff (1906, 1907). Coats con-
tended that most cases were caused by thrombosis, while
Verhoeff was equally sure that the occlusion resulted from
either an obliterating endophlebitis or endothelial cell pro-
liferation.

Following Scheerer’s 1923 publication and Klien’s later
reports (1944, 1953), enthusiasts for endothelial cell prolif-
eration seemed to be in ascendancy. In addition, Klien be-
lieved that there was no occlusion in some cases of CRVO
and that the vein lumen was narrowed by a process referred
to as “phlebosclerosis.”

In a previous report from our laboratory (Green et al.
1981), we performed a prospective study of 29 eyes with
clinical histories or gross findings of CRVO and found that
a fresh or recanalized thrombus was formed at or near
the lamina cribrosa in each eye. We concluded that there
is a natural evolution of an occlusion of the vein, and this
includes: thrombosis, recanalization with endothelial cell
proliferation, inflammation, organization, and phleboscler-
osis.

Our present study was conducted to test the formation
and evolution of a thrombus in the cilioretinal vein at the
lamina cribrosa, using a modification of the method re-
ported by Becker and Post (1951).
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Materials and methods

Adult cats of both sexes (weighing 3 to 4 kg), were anesthe-
tized with ketamine and acepromazine. The pupil was di-
lated with 2.5% phenylephrine (Neosynephine) and 1%
Cyclogyl. A bipolar coaxial diathermy probe was intro-
duced into the eye through a 20-gauge incision at the pars
plana. An indirect ophthalmoscope was then used to direct
the tip of the probe through the vitreous until it was near
the head of the optic nerve. The tip of the probe was next
placed over (but not touching) a branch of the retinal veins
near the nerve head. A current was applied which passed
between the two elements at the tip of the probe. This cur-
rent was adjusted to produce a constriction of the retinal
vein branch and a whitening of the adjacent retina. A few
gas bubbles were occasionally liberated. The probe was then
removed from the eye and the incision site was closed by
a single, interrupted 7-0 silk suture. Some eyes has a single
branch of the retinal vein treated, while others had two
or all three vessels treated. Cautery of any branch of the
retinal arteries was avoided.

Each eye was examined by indirect ophthalmoscopy,
and color fundus photography was taken prior to the vascu-
lar occlusion and thereafter for up to 1 month. The tempo-
ral histopathology of the eyes was studied at 15 h, 1-2 days,
1-2 weeks, and 1 month after the occlusion. The cilioretinal
veins surrounding the optic nerve were traced by studying
longitudinal or cross-serial sections, which were variously
stained with hematoxylin and eosin, periodic-acid Schiff,
Van de Grift, phosphotungstic-acid hematoxylin, and Prus-
sion blue.

Results
Ophthalmoscopic observations

At the end of the procedure, no hemorrhages or exudates
were visible in the treated eye. The retinal veins were en-
gorged, and the arteries appeared to be normal or slightly
narrow. At 12-14 h after treatment, there was venous en-
gorgement and retinal edema in the peripapillary area.
Within 15-24 h, retinal hemorrhages and exudated were
noted, as well as markedly dilated and totuous retinal veins.
These latter changes began at the disc and extended 1 to
2 disc diameters peripherally (Fig. 1). These features inten-
sified with time, so that by 2-3 days of the occlusion, the
fundus showed retinal edema, diffuse hemorrhages, and ex-
udates in the distribution of the dilated veins. Capillary
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Fig. 1. Appearance of cilioretinal vein occlusion 24 h after treat-
ment, showing retinal hemorrhages along the dilated and tortuous
retinal veins

Fig. 3. Retinal hemorrhages and exudates become less intense at
2 weeks after treatment

Fig. 2. Retinal hemorrhages and exudates become more marked
at 2.5 days after treatment

microaneurisms and occasional hemorrhages into the vitre-
ous were also present (Fig. 2).

Collateral and shunting vessels were visible by 2-
3 weeks, with the exudates and hemorrhages present gradu-
ally resolving (Fig. 3). One month later, all retinal exudates
and hemorrhages had cleared, but with persistence of large
collaterals resembling optociliary shunts (Fig. 4).

Histopathologic observations

Sequential histopathologic study of the treated eyes dis-
closed venous thrombi in various stages of evolution corre-
sponding to the time following treatment.

Fifteen hours after occlusions the retinal veins were
markedly engorged and tortuous. A fresh thrombus was
located in the lumen of the cilioretinal vein, and was mainly

Fig. 4. One month after treatment, there is further clearing of reti-
nal hemorrhages and exudates, and vein-to-vein collaterals can be
identified

composed of fibrin, with polymorphous neutrophils migrat-
ing to the venous wall. The accompanying artery was patent
(Fig. 5).

One to two days after occlusion, there were numerous
round and flame-shaped hemorrhages and exudates in the
posterior pole of the retina. Microscopic examination re-
vealed a fresh or early organized thrombus which was com-
posed of fibrin, platelets, and blood cells in the cilioretinal
vein at the intrascleral portion of the lamina cribrosa
(Fig. 6). The endothelium was absent in most regions where
the thrombus was directly adherent to the venous wall.

One to two weeks after occlusion, retinal hemorrhage
became intensified. By the end of 3 weeks, the hemorrhages
and exudates present started to resolve, and early retinal
collaterals were present on gross examination. A recana-
lized thrombus with small channels, mild-to-moderate en-



dothelial cell proliferation, and minimal lymphocytic infil-
tration was demonstrated in the occluded cilioretinal vein
(Fig. 7a and b).

One month after the occlusion, only large retinal collat-
eral vessels were seen on gross examination, and all hemor-
rhages of exudates had resolved. Hemosiderin deposits were
identified microscopically in the retina, as were markedly
dilated retinal veins near the head of the optic nerve.

Discussion

There have been a number of experimental studies detailing
central and branch retinal vein occlusion, but none of these
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Fig. 5. A fresh thrombus containing
platelets, fibrin, and neutrophils (circle) is
present in a cilioretinal vein just anterior to
the lamina cribrosa at 15 h after treatment.
The endothelium is discontinuous in areas
(arrow), occasional neutrophils are present
in the wall of the vein (arrowhead), and the
surrounding area is edematous.
(Hematoxylin and eosin; x 275)

Fig. 6. Thrombus in the dilated prelaminar
portion of a cilioretinal vein (arrow) at 24 h.
Extravasation of blood (arrowheads) is
present adjacent and proximal to the vein
(Van de Grift stain; x 240)

have concentrated on the actual site of the vein’s occlusion
and the evolution of changes at the point.

Becker and Post (1951) produced retinal vein occlusion
in cats by the use of electric cautery and demonstrated a
recanalized thrombus in the CRV inside the optic nerve
10 days after occlusion.

Flynn (1966) injected serum thrombotc accelerator
(STA) into the external jugular vein of a dog and produced
thrombosis in retinal veins and arteries. This led to massive
retinal hemorrhage, similar to the ophthalmoscopic picture
of CRVO in humans. This experiment, however, also pro-
duced extensive thrombosis in many orbital vessels and did
not selectively occur in one or more retinal veins.
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Fujino et al. (1968) occluded the CRV in the monkey
by injection of liquid latex into an orbital vein and conse-
quently also occluded the branch retinal veins and the CRV
on the optic disc. This caused venous congestion and
prompt irreversible stagnation of flow in the central retinal
artery to produce an overwhelming ischemic and hemor-
rhagic retinopathy. The CRA and CRV did not demon-
strate pathological changes, although there were retinal
hemorrhages and necrosis. However, the authors did note
that this experimental model was not a suitable model to
simulate the disease in man.

Hayreh (1964, 1965) produced experimental CRVO in
the monkey by ligating both the CRV and CRA in the
orbit and outside the optic nerve. No detailed histopatho-

Fig. 7a and b. Two examples of thrombi in
the cilioretinal vein (arrowheads) just
anterior to the lamina cribrosa. There is
marked endothelial cell proliferation and
several channels of recanalization (arrows).
a One week after thrombosis (Hematoxylin
and eosin; x 700)

b Two weeks after thrombosis
(Phosphotungstic acid-hematoxylin; x 440)

logic studies of the CRV and CRA were described in these
experiments. Later, he and others acknowledged that the
clinicopathologic findings were not entirely identical to
those seen in humans with CRVO (McLeod 1975; Hayreh
et al. 1978).

Experimental BRVO has been studied microscopically
by many investigators (Linner 1961; Okun and Collins
1963; Voipio and Riotta 1964; Mutlu 1966; Kohner et al.
1970; Archer et al. 1976; Hamilton et al. 1979). Histopatho-
logical and electron microscopical studies of branch and
hemispheric vein occlusion produced in rhesus monkeys by
argon laser photocoagulation disclosed a sequence of chan-
ges leading to permanent capillary closure (Hockley et al.
1979). Thrombus formation in the capillaries occurred at



about 6 h after laser occlusion of a branch retinal vein.
In this latter study, particular attention was given to the
changes occurring in the capillaries as a result of venous
occlusion. These authors found the damaged vein to be
occluded by a fresh thrombus, but this area was not studied
temporally, as were the alterations in the affected capillary
bed.

Our original intent was to produce CRVO in the cat
as a model for further investigations. After preliminary stu-
dies (and a study of serial sections of the normal optic
nerve head), we concluded that the cat does not have a
central retinal vein. We also concluded that previous studies
may have misinterpreted the central fibrocapillary zone in
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Fig. 8a and b. Cross-section of the
retrolaminar portion of the optic
nerve of the cat, showing a central
fibrocapillary zone (arrow) that has a
striking resemblance to a recanalized
thrombus. (Periodic acid-Schiff stain;
a x60; b x255)

the retrolaminar portion of the optic nerve as a recanalized
thrombus (Becker and Post 1951).

We have found that the internal carotid artery is a vesti-
gial vessel in the cat and no ophthalmic artery or major
central retinal artery is present. The blood supply to the
eye is derived from several ciliary arteries that enter the.
eye around the optic nerve and originate from the internal
maxillary artery as a major terminal branch of the external
carotid artery. The retina is then supplied by the terminal
posterior ciliary branches of a ciliary artery. The retinal
veins drain into the ciliary system (Davis and Story 1943;
Daniel et al. 1953). In other respects, however, the cat retina
does resemble the human retina: that is, the entire inner
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retina receives its blood supply directly from the retinal
vessels. The normal fundus of the cat also shows 3-4 major
venous trunks and 3-6 arrterial vessels at the optic disc
(Duke-Elder 1958; Campbell 1961). The fibrocapillary zone
in the central optic nerve of the cat, which represents a
vestige of the CRA, has a striking resemblance to a recana-
lized thrombus (Fig. 8a and b).

As we have shown, organization and recanalization of
a retinal thrombus can be demonstrated by temporal studies
in our experimental model. This reproducible model sub-
stantiates the observations of the natural evolution of a
thrombus in CRVO (Green et al. 1981) and branch retinal
vein (Frangieh et al. 1982) in human eyes. This evolution
includes a fresh thrombus, endothelial cell proliferation and
— finally — recanalization.
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