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Abstract
Aim—To study the eVect of superselective
ophthalmic artery fibrinolysis as a treat-
ment for central retinal vein occlusion
(CRVO).
Methods—Retrospective, university based
single centre study. The charts of 26 eyes
of 26 patients treated were reviewed.
Among the 26 patients, there were nine
cases of combined artery and vein occlu-
sion, three cases of combined cilioretinal
artery and CRVO, and 14 cases of classic
CRVO. Complete preoperative and post-
operative ophthalmological examination
and fluorescein angiography were per-
formed in all cases. The therapeutic
procedure comprised the infusion of
urokinase through a microcatheter into
the ostium of the ophthalmic artery, via a
femoral artery approach. The main out-
come measure was the improvement in
visual acuity 48 hours after the procedure.
Results—Six eyes of six patients exhibited
significant improvement in visual acuity
immediately after the fibrinolysis proce-
dure. Among them, four had a initial fun-
duscopic appearance suggestive of
combined occlusion of the central retinal
artery (CRAO) and vein. For these pa-
tients, the visual benefit was maintained
in the long term. Intravitreal haemor-
rhage occurred in two patients. There
were no extraocular complications linked
to the procedure.
Conclusions—Selective ophthalmic artery
infusion of urokinase was followed by
improvement in VA in six out of 26 cases of
CRVO. Eyes with combined CRAO and
CRVO with recent visual loss appeared to
be the most responsive. This treatment
did not prevent the occurrence of ischae-
mia in the failure cases. The eYcacy of in
situ fibrinolysis for treatment of CRVO
needs to be further evaluated in a control-
led study.
(Br J Ophthalmol 2000;84:1387–1391)

Central retinal vein occlusion (CRVO) is a
common cause of visual loss.1 CRVO is consid-
ered to be consecutive to an obstruction of the
retinal venous circulation, causing dilatation of
retinal veins and retinal haemorrhages. Sec-
ondary complications include macular oedema
and widespread capillary non-perfusion, the
latter possibly leading to neovascular glau-
coma. The presence at the initial stage of a

thrombus in the central vein have been
suggested by histopathological studies.2 The
involvement of other factors such as increased
blood viscosity, elevated red blood cell aggre-
gability, central vein compression by the
central retinal artery is debated.3 The treat-
ment of CRVO remains controversial and
overall disappointing.4

Peripheral venous administration of fibrino-
lytic therapy has been proposed, but its
risk/benefit ratio is uncertain.5 Recent progress
in interventional neuroradiology has made
possible the selective catheterisation of intrac-
ranial small vessels such as the ophthalmic
artery.6 Therefore, to maximise the concentra-
tion of fibrinolytic agent at the obstruction site
and reduce the risk of systemic fibrinolysis
complications we treated patients with CRVO
by selective infusion of urokinase into the oph-
thalmic artery. We report the results of this
pilot study.

Methods
The charts of all patients who underwent
superselective ophthalmic artery fibrinolysis
for CRVO in our department were reviewed for
this retrospective study. This treatment was
proposed when initial visual acuity was below
20/60, and/or if there has been CRVO in the
fellow eye, and/or if worsening of VA occurred
after initial improvement and/if the other eye
was lost. The usual contraindications for
intracerebral catheterisation were complied
with—that is, patient had not undergone
recent surgery, myocardial infarction, or
stroke, and did not have uncontrolled hyper-
tension.

PREOPERATIVE EXAMINATION

Each patient had a complete ophthalmological
examination by one of us (PM, MP, or AG)
including recording of their ophthalmological
history, date of onset of visual symptoms, best
corrected visual acuity (VA) on a decimal
chart, biomicroscopy of the anterior segment,
applanation tonometry and fundus examina-
tion. CRVO was diagnosed on the basis of the
presence of retinal vein dilatation in four quad-
rants, combined with retinal haemorrhages. A
fluorescein angiography was performed with
emphasis on early phase frames in order to
evaluate blood velocity in the retinal vessels.

Each patient gave informed consent to the
treatment.
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THERAPEUTIC PROCEDURE

Treatment was performed in the neuroradiol-
ogy department under local anaesthesia by a
neuroradiologist trained in the catheterisation
of intracranial vessels. Briefly, the internal
carotid artery was catheterised via a femoral
artery approach with a 5 Fr guide catheter, and
a 0.035 inch hydrophylic coated guidewire
(Terumo, Japan). An internal carotid cerebral
angiogram was performed to identify the
carotid artery siphon. The 5 Fr guide catheter
was positioned inside the proximal extracranial
part of the internal carotid artery. A 1.8 Fr or
1.5 Fr flow guide microcatheter (Magic, Balt
Extrusion, France; Spinneker, Boston Scien-
tific, MA, USA) was advanced through the
guide catheter into the ostium of the ophthal-
mic artery. A superselective ophthalmic angio-
gram (Fig 1) was performed to assess the cor-
rect placement of the tip of the microcatheter
in the ophthalmic artery ostium. Urokinase
(300 000 IU prediluted with 0.9% normal

saline; Hoechst, France) was then perfused for
40 minutes through the microcatheter at a
continuous flow rate using an electric pump.
This required overall 1 hour of operating man-
agement.

FOLLOW UP

As strict bedrest was maintained between 12
and 24 hours after the procedure, VA was not
measured until the next day or day 2. At each
follow up visit, a complete ophthalmological
examination were performed in our depart-
ment.

Results
Patients’ clinical characteristics before treat-
ment are given in Table 1. The series
comprised 19 men and seven women. Their
mean age was 61 years (range 42–85). Eleven
patients ( 42%) had VA below 20/200 vision in
the fellow eye (due to CRVO in nine cases and
trauma in two). Ten patients (38%) had
glaucoma and/or elevated intraocular pressure
in the same or the fellow eye. Thirteen (50%)
were treated for hypertension. Before fibrinoly-
sis treatment, the mean duration of visual
symptoms was 26 days (range 12 hours–7
months; median, 5 days). Seventeen patients
had loss of vision lasting for less than 14 days.
Thirteen patients (46%) had a VA of counting
fingers or less. Loss of vision was believed to be
due to macular oedema in 12 cases, to impair-
ment of central retinal artery perfusion in nine
cases, to cilioretinal artery occlusion in three
cases, to macular haemorrhage in one case, and
to macular ischaemia in one case.

PEROPERATIVE INCIDENTS

In one patient, catheterisation of the ophthal-
mic artery ostium was not possible owing to
the high degree of vascular tortuosity, and
therefore urokinase was injected proximally to
the ostium but not in the ostium itself.

Figure 1 Superselective ophthalmic artery angiogram
performed immediately before infusion of urokinase showing
the choroidal blush (arrowhead). The arrow indicates the
tip of the microcatheter in the ostium of the ophthalmic
artery.

Table 1 Clinical characteristics of 26 patients with central retinal vein occlusion before fibrinolysis treatment

Case Age Sex

Glaucoma/
IOP
>21 mm Hg

Duration of
visual loss
(days) Initial VA

Cause of
visual loss

VA at
day 1 Last VA

Rubeosis/
NVG

Follow up
(months)

1 66 F Yes 0.5 CF IBF 20/40 20/50 — 16
2 53 M — 1 20/400 IBF 20/50 20/20 — 6
3 45 M — 0.5 CF IBF 20/20 20/20 — 5
4 67 M Yes 2 20/160 IBF 20/100 20/50 — 4
5 59 M — 11 CF IBF CF CF Rubeosis 28
6 44 M — 2 CF IBF CF CF — 3
7 58 F — 0.5 CF IBF CF 20/200 — 3
8 51 M — 2 CF IBF CF 20/200 — 3
9 56 F Yes 0.5 CF IBF LP LP — 6
10 42 M — 30 20/50 MO 20/25 20/200 — 22
11 69 M — 2 CF MO CF CF Rubeosis 15
12 45 F — 4 CF MO 20/200 20/20 — 14
13 85 M — 3 CF MO HM HM — 2
14 65 M — 5 20/100 MO 20/100 20/200 — 7
15 75 F — 120 CF MO CF 20/400 — 32
16 58 M — 210 20/50 MO 20/50 20/60 — 53
17 61 M Yes 30 20/50 MO 20/40 CF — 18
18 56 M — 60 20/100 MO 20/100 20/100 — 71
19 57 M Yes 90 20/50 MO 20/50 20/400 NVG 31
20 65 M — 60 20/400 MO 20/400 20/400 4
21 69 F Yes 5 20/50 MO 20/40 20/25 6
22 52 M — 1 20/60 CR 20/25 20/25 34
23 73 M Yes 18 20/25 CR 20/40 20/20 32
24 60 M — 7 20/160 CR 20/160 20/200 4
25 50 M Yes 2 CF SMH CF HM Rubeosis 3
26 73 F — 15 CF Ischaemia HM HM NVG 32

NVG = neovascular glaucoma; IBF = impairment of retinal blood flow; MO = macular oedema; CR = cilioretinal artery occlusion;
SMH = submacular haemorrhage.
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However, a cerebral angiogram showed that
most of the infused urokinase was directed in
the ophthalmic artery. During the catheterisa-
tion procedure, none of the patients developed
neurological symptoms, and no extraocular
side eVects were noted after fibrinolysis.

FUNCTIONAL RESULTS

Six patients (cases 1, 2, 3, 4, 11, and 22)
noticed subjective improvement in VA within
hours of the procedure, and at 48 hours objec-
tive VA was found to have improved signifi-
cantly. In two of these patients (cases 2 and 3)
retinal perfusion appeared markedly improved
on fluorescein angiography (Figs 2 and 3).This
improvement was maintained in the long term
in five patients. Two others noticed a prompt
improvement in their visual field, but a residual
central scotoma persisted probably explaining
why objective VA did not improve. In case 2
examination was performed 6 months after
fibrinolysis and showed 20/20 VA and a normal
fundus (Fig 4).

Among the nine patients with combined
artery and vein occlusion, four had an
improvement after the procedure. Among the
three patients with ciliretinal artery occlusion
combined to CRVO, one showed improve-
ment. Among the other cases, only one showed
improvement but CRVO recurred and final VA
was poor.

Three patients (cases 7, 21, and 25) had a
second in situ fibrinolysis procedure during the
week after the first unsuccessful one. None of
the patients retreated had significant visual
improvement. Mean follow up was 10 months
(range 2–24). Pre- and post-treatment data are
given in Table 1.

FUNDUSCOPIC APPEARANCE

In eight cases, the number of retinal haemor-
rhages increased the day after the procedure, as
the case shown in Figure 5.

Two patients (cases 9 and 13) had an intra-
vitreal haemorrhage in the immediate postop-
erative period, that necessitated vitrectomy in
both cases. Final VA was poor.

The patients with visual improvement exhib-
ited progressive clearing of the haemorrhages
and normalisation of retinal veins over a few
weeks.

Neovascular glaucoma developed in four
patients, who did not experience improvement
in VA after treatment, and rubeosis iridis with-
out elevated intraocular pressure developed in
one. Prompt photocoagulation was performed
in these cases, and was followed by the
regression of neovascularisation. These five
patients all had final vision of light perception,
intraocular pressure was controlled by topical
medication, and none of them underwent enu-
cleation.

Discussion
Six of our 26 patients experienced a striking
improvement in their VA in the 24 hours after
fibrinolysis. When analysing the pretherapeutic
data for the six patients who responded to
treatment, we found that four of them (cases
1–4) had a funduscopic appearance suggestive
of combined central retinal artery occlusion
(CRAO) and CRVO, defined by the associ-
ation of venous dilatation, retinal haemor-
rhages, and areas of retinal inner ischaemia at
the posterior pole.7 On fluorescein angiography
of these four patients, retinal arterial perfusion
was markedly impaired, but none had capillary

Figure 2 Case 2. Preoperative features. VA was 20/400. (A) Preoperative fundus photograph showing scattered retinal
haemorrhages, venous dilatation and tortuosity, cotton wool spots, and areas of inner retinal ischaemia at the posterior pole.
(B) Early frame of preoperative fluorescein angiography showing filling of the central retinal artery. (C) Fifteen seconds
later, the retinal arteries are not completely filled indicating severely impaired retinal arterial supply. (D) Arteriovenous
phase of fluorescein angiography showing that there is no capillary closure at the posterior pole.
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closure or macular oedema. Therefore we
believe that in these patients, visual loss was
due to the extreme slowing of retinal arterial
perfusion. Among all patients, nine patients
(cases 1–9) had a funduscopic appearance of

combined CRAO and CRVO, with initial
visual acuity ranging from counting fingers to
20/160. Four improved, and their final VA was
20/50 or better. The other five had a final VA of
20/200 or less. Since most of the reported cases
of combined CRVO and CRAO have had a
poor visual outcome, with a high frequency of
rubeosis, a beneficial eVect of in situ fibrinoly-
sis in this subset of CRVO is possible.
However, our study lacks a control group, and
spontaneous improvement of combined
CRAO and CRVO have also been reported.8–10

In our series, the high proportion of patients
with combined CRAO and CRVO (9/26, 35%)
indicates that it may be more frequent than was
previously believed, and that it may constitute
an initial form of “classic” CRVO. Indeed two
patients (cases 6 and 8) with combined CRVO
and CRAO at presentation eventually devel-
oped numerous retinal haemorrhages and
macular oedema.

For the other patients, the relation between
the treatment, circulatory changes, and visual
results was not clear in all cases. For instance,
case 10, whose VA also improved, had numer-
ous retinal haemorrhages and macular
oedema. His VA improved from 20/50 to 20/30
immediately after fibrinolysis, despite the
absence of visible changes in clinical and
angiographic features. One month later he
again had loss of vision to 20/200.

Overall, among the 15 patients with initial
VA below 20/200, 11 (73%) had final VA of
20/200 or less, and three of the six patients
(50%) with initial VA of 20/50 or more had a
comparable final VA. These data are similar to
the results of the CRVO study.11

Fibrinolysis therapy by peripheral intra-
venous infusion of urokinase has been pro-
posed for CRVO. Kohner et al reported in a

Figure 3 Case 2, the day after in situ fibrinolysis. VA was
20/50. (A) Red-free photograph showing a few more
scattered haemorrhages than preoperatively. (B) Early
frame of fluorescein angiogram showing that the filling of
retinal arteries is beginning shortly after choroidal filling.
(C) The beginning of the arteriovenous transit time occurs
approximately 4 seconds after the appearance of the dye in
retinal arteries, indicating an improvement in retinal
circulation times.

Figure 4 Case 2. Fundus appearance 6 months later. VA
was 20/20. There is mild residual narrowing of retinal
vessels.

Figure 5 Case 6. (A) Preoperative red-free photograph.
(B) Immediate post-fibrinolysis fundus photograph. Note
the increased number of haemorrhages.
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randomised controlled trial that intravenous
streptokinase did not have a clear cut eVect on
visual acuity.5 Conversely, in the study reported
by Elman,12 who treated CRVO patients by
intravenous infusion of tissue plasminogen
activator in a non-randomised trial, 57 out of
96 patients (59%) with initial VA below 20/100
gained three or more lines of vision at 6
months, which appears to be better than in the
report from the CRVO study.

The main risk of fibrinolytic therapy is
haemorrhage. Kohner et al reported that three
CRVO patients out of 20 had intravitreal
haemorrhage, and three of 96 patients in the
study by Elman. One included in the former
died of stroke. In order to avoid general haem-
orrhagic accidents, lower doses of fibrinolytic
agent13 or in situ infusion6 14 can be used. Intra-
vitreal haemorrhage, which occurred in two of
our cases, may be considered a serious problem
if it delays the diagnosis of retinal ischaemia.
Vitrectomy may therefore be indicated for
these eyes if the vitreous does not clear rapidly.
Specific to intracranial vessel catheterisation is
the risk of postoperative neurological deficit.
Consequently, this procedure should not be
used for patients with a history of stroke, or in
the presence of extensive atherosclerotic le-
sions.

The benefit of this treatments need to be
evaluated in a prospective controlled study
with strict inclusion criteria. Our data suggest
that only patients with duration of vision loss of
less than 8 days, without macular oedema
should be included in such a study. The analy-
sis of retinal circulatory dynamics should also
be taken into account, since arterial flow

impairment was associated with a favourable
prognosis.

Presented in part at the meeting of the Association for Research
in Vision and Ophthalmology, Fort Lauderdale, Florida, May
1996.
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