
Retinal artery occlusion represents a medical emergency with
a high risk for permanent blindness. Typical visual acuity (VA)
levels on presentation range from light perception to 20/200 and
spontaneous improvement is estimated to occur in less than 15%
of central retinal artery occlusion (CRAO) cases.1 However, the
prognosis is substantially better for branch occlusion (BRAO)
with presenting VA varying from hand movements to better than
20/20,2 and up to 80% of patients experiencing improvement of
VA to 20/40 or better but with residual monocular field defects.3

The goal of treatment has been to restore circulation before the
ischemia becomes irreversible. While animal models have
suggested that this critical time window is as short as 15 to 120
minutes with complete occlusion,4,5 clinical reports have
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demonstrated improvement in vision as late as three days post-
onset.6,7 This time discrepancy likely relates to the preservation
of at least partial arterial flow in the vast majority of patients.7

Numerous conventional forms of treatment that have attempted
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to enhance retinal reperfusion include ocular massage, anterior
chamber paracentesis, pentoxifylline, acetazolamide and
carbogen (95% oxygen, 5% carbon dioxide) inhalation.
Unfortunately, none of these approaches have demonstrated a
clear therapeutic benefit.8-10

Within the past 15 years, there have been several studies
investigating the potential efficacy and safety of thrombolytic
agents for the treatment of retinal artery occlusion. Most
investigations have focused on intra-arterial,11-19 rather than
intravenous,20,21 thrombolysis, citing an increased risk of
hemorrhage and decreased efficacy as reasons not to further
pursue the latter mode of delivery. This rationale was primarily
based on early experience with coronary22 and ischemic stroke
treatment,23 rather than direct experience using intravenous
thrombolysis for CRAO.  

Overall, results from published studies have suggested a
benefit for intra-arterial retinal artery thrombolysis compared to
conventional treatments or the natural history of retinal artery
occlusion. However, all investigations to date have been non-
randomized, retrospective trials, and positive publication bias
undoubtedly exists. Heterogeneity of trials including: (1)
treatment times from four to 50 hours from onset; (2) various
outcome measures; (3) use of urokinase or tPA, contributes to
difficulties in interpreting results. A recent review24 summarized
the visual outcome in 100 CRAO patients treated with intra-
arterial thrombolysis from 16 non-randomized, retrospective
studies. A final VA of 20/40 or better was experienced in 27% of
eyes treated with intra-arterial thrombolysis. While potentially
serious complications were observed in four patients, including
transient hemiplegia and hypertensive crisis, none suffered a
permanent neurological deficit.

We sought to examine the effectiveness and safety of intra-
arterial recombinant tissue-type plasminogen activator (rtPA)
used for the treatment of retinal artery occlusion in our center by
performing a retrospective review of all such cases.

METHODS

We performed a retrospective chart review of all cases of
retinal artery occlusion treated with intra-arterial rtPA over the
seven year period from January 1998 to May 2004 at the
Foothills Medical Centre in Calgary, Alberta. Information was
collected on patient demographics, ischemic risk factors, side of
retinal artery occlusion, fundoscopic findings, time from onset to
treatment, dose and duration of rtPA given, and best-corrected
VA at 24 hours. Patients received Goldmann kinetic full visual
field testing at a variable interval following the procedure (2
days-2.5 years). Best-corrected final VA was assessed in May
2004.

RESULTS

Six men and three women between the ages of 43 and 77
years presented to the emergency department with sudden onset
monocular visual loss affecting the left (n=5) or right (n=4) eye
(see Table). Eight patients were determined to have CRAO based
on extent of visual impairment and fundoscopic findings
including any of: pale retina (n=5), visible emboli (n=1),
ischemic macular edema (n=3), cherry red spot (n=3), box-
carring of retinal vessels (n=1), reduced/absent retinal blood
flow (n=3). One patient (case 9) was determined to have a
BRAO and had a visible embolus in the superior nasal and
temporal retinal artery branches, pale retina and collapsed veins
in the superior half of the retina. Cilioretinal arteries, which can
help to maintain retinal perfusion during CRAO, were not
identified in any of our patients. All cases were clinically
consistent with a nonarteritic etiology. Known ischemic risk
factors were common and consisted of hypertension (n=4),
elevated cholesterol levels (n=5), coronary artery disease (n=2),
atrial fibrillation (n=2), aortic stenosis (n=1) and bicuspid aortic
valve with previous episodes of transient monocular visual loss
(n=1). Only one patient (case 7) had no known cerebrovascular
risk factors.  
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Table: Retinal Artery Occlusion Treated with rtPA

Case

1

2

3

4

5

6

7

8

9

BRAO

68

67

75

59

71

77

76

70

43

M

M

M

F

F

M

M

F

M

OS

OD

OD

OS

OS

OD

OS

OS

OD

8

9

18

10

8.5

8

6

8

12

15 (60)

15 (15)

10 (60)

15 (60)

12.5 (50)

10 (30)

15 (45)

20 (60)

30 (75)

HM

HM

HM

HM

CF

LP

HM

LP

N/A

20/400

CF

CF

HM

CF

LP

HM

CF

N/A

20/400 [33]

CF [31]

20/300 [25]

CF [16]

20/400 [13]

N/A

N/A

CF [1]

20/20 [55]

2

1

2.5

1

1

N/A

N/A

2

N/A

No

No

Yes (VFs)

Yes (VA)

No

No

N/A

Yes (VF + VA)

Yes (VF + VA-
near-complete

Age Gender Eye Time to
tPA (hr)

tPA Dose
mg (min)

VA Baseline VA 24 hrs VA Final
[Months since

tPA]

VA Change
(Snellen lines)

Subjective
Improvement

OS: left eye; OD: right eye; LP: light perception; HM: hand movements; CF: counting fingers; N/A: information not available; VA: visual acuity; VF: visual field
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Six of the nine cases were initially assessed by an
ophthalmologist with four receiving anterior chamber
paracentesis (cases 1,2,4,5) and one case receiving ocular
massage (case 8) prior to thrombolysis. None of the patients
received fluorescein angiography. Recombinant tPA (10-30 mg)
was administered intra-arterially via a microcatheter in the
proximal ophthalmic artery over a 15-75 minute period, 6-18
hours post-onset (see Table). No adverse reactions or
complications were observed during or after treatment.
Fundoscopic findings post-treatment were not consistently
documented. At 24 hours post-treatment, VA was improved by
two gradations (Snellen lines) in one patient and one gradation in
three patients (see Table). On final assessment in May 2004, all
six patients who were re-evaluated had experienced some
improvement: three patients had improved by two or more VA
gradations since baseline and three improved by one gradation
(see Table and Figure 1). Interestingly, the patient with the
greatest degree of improvement (case 3) had been diagnosed
with macular degeneration in the other eye within a few weeks
following treatment. No other ocular comorbidities such as
glaucoma, cataracts, diabetic retinopathy, or other media
opacities were present that may have accounted for poor
recovery. Two patients did not return for final assessment and
neither had experienced improvement at 24 hours. While
baseline VA was uncertain in the patient with BRAO (case 9), VA
was 20/20 at three months. All patients had residual monocular
visual field defects which were consistent with retinal ischemic
injury (see Figure 2). Two cases of CRAO (cases 3 and 8)
reported subjective improvement and the one case of BRAO
(case 9) reported almost complete resolution of an inferior visual
field defect measured at two days post-treatment.  One patient
(case 6) did not undergo Goldmann perimeter visual field testing.

DISCUSSION

Intra-arterial rtPA for CRAO was associated with minimal
improvements in visual acuity: three patients experienced at least
two VA gradations of improvement. While this degree has been
considered significant in previous reports,16,25 others have

suggested at least three VA gradations of improvement7 or a final
VA of 20/40 or better24 to be considered meaningful recovery.
None of our CRAO patients experienced a final VA better than
20/300. Further, four of the six cases with some noted
improvement in VA (cases 1, 4, 5, and 8) and the patient with
BRAO with subjective improvement (case 9) may have learned
how to eccentrically fixate and thus compensate for their central
blindness, rather than experience true recovery. Visual field
impairments, regardless of VA changes, are also potentially
debilitating. Without serial visual field testing, we cannot be sure
if any of our patients experienced recovery in this regard.
However, the marked degree of field impairments demonstrated
on Goldmann perimetry testing at one month or more post-
treatment in most patients (case 9 was the only patient tested
within one month), suggests that recovery was minimal. 

Potential explanations for the overall lack of effectiveness in
the current study may relate to the absence of favorable
predictive factors. Previously described predictors of good
recovery have included, among other factors, the extent of the
arterial obstruction, the presenting VA, the delay to beginning
treatment, and the nature of the occluding material.  Schmidt et
al16 have described three stages of CRAO, corresponding to
increasing degrees of obstruction: Stage I—incomplete CRAO,
which is characterized by minimal or scarcely visible edema
around the macula and a slight cherry red spot in the macula;
Stage II—subtotal CRAO, which is a nearly complete CRAO;
Stage III—CRAO with choroidal hypoperfusion (diagnosed by
fluorescein angiography) or choroidal infarction. In those
patients experiencing marked improvement in VA post-
treatment, 82% had milder degrees of occlusion (Stages I and II),
whereas none of the patients with poor recovery had incomplete
(Stage I) occlusions. While it is difficult to retrospectively
classify our cases, all had definite visible signs of CRAO,
corresponding to at least Stage II occlusion.  
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Figure 1: Visual acuity before treatment with intravenous rtPA and at
final assessment in patients with CRAO.  In two patients (cases 6 and 7),
final assessments were not done. NLP: no light perception; LP: light
perception; HM: hand movements; CF: counting fingers. *VA final
assessment not done.

Figure 2: Goldmann visual fields in eight patients with retinal artery
occlusion following treatment with rtPA.  Perimetry was not performed
in Case 6.  Case 1: Central scotoma with inferior nasal defect; Case 2:
Near-complete blindness with only patchy perception of V4e target in
inferior temporal quadrant; Case 3:  Loss of field except for central
island of preserved vision; Case 4:  Large central scotoma and
depression of superior field; Case 5: Loss of central vision and nasal
field with depression of remaining field; Case 7: Loss of field except for
temporal island of vision; Case 8: Loss of central and nasal field and
depression of remaining field; Case 9: Inferior altitudinal defect with
large arcuate scotoma.
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The VA at presentation is another important predictor of
prognosis: Those patients only able to perceive hand movements
or count fingers, as in our study, tend to do much worse than
those with better initial acuities.12,24 Another important and
related factor is the time delay to the initiation of treatment.
Several previous reports have described a negative correlation
between prognosis and time to treatment, with better visual
recovery observed in patients treated within six hours.11,12,14

None of our patients received intra-arterial treatment in less than
six hours from the time of symptom-onset.

Finally, the nature of the occluding material may have
prognostic significance, particularly with respect to its response
to thrombolytic therapy. The commonest mechanism is thought
to be embolic from the carotid arteries or from the heart rather
than local thrombus formation.25 According to Arruga and
colleagues,26 these emboli are composed of cholesterol in 74%,
calcified material in 10.5%, and platelet fibrin in only 15.5% of
cases. While some have speculated that there is no scientific
rationale for using thrombolytic agents for calcified or
cholesterol thrombi (i.e., 85.5 % of cases),25 others have posited
that the stasis-induced formation of secondary thrombi play an
important role in the progression of arterial occlusions and that
thrombolysis of these secondary emboli would be beneficial.15 In
the present study, only two cases were noted to have visible
emboli on fundoscopic exam (cases 6 and 9) and their
composition was unclear.  In the patient with BRAO (case 9), the
occluding material was thought to represent a calcific embolus,
consistent with a presumed cardiac valvular source. On post-
treatment fundoscopy, it was noted that there was some reduction
in the size of the embolus.

Intra-arterial treatment of CRAO is technically challenging
and is not successfully performed in all cases. Severe carotid
artery stenosis or vessel tortuosity may prohibit arterial
catheterization in otherwise eligible candidates.  In addition, the
vascular anatomy precludes superselective infusion of
thrombolytic agents into the central retinal artery, and instead,
delivery must occur more regionally in the ophthalmic artery.
The central retinal artery is rarely visualized on catheter
angiogram so the interventionalist or neurosurgeon performing
the procedure has no direct feedback regarding the effectiveness
of therapy.  Intra-arterial therapy can only be offered in tertiary
centers where facilities and expertise exist.  Further, intra-arterial
thrombolytic therapy has potential complications including
ischemic stroke, intracranial hemorrhage, retroperitoneal
hemorrhage and groin hematoma.

One alternative to intra-arterial therapy is to use intravenous
thrombolytic agents. In two recent case series of intravenous
tPA, 7 of 12 (58%) patients experienced between three and eight
VA gradations of improvement20 and at least three VA gradations
of improvement were achieved by all three patients in another
study.21 No complications occurred in either case series. While
thrombolytic agents have not been used in conjunction with
transcranial Doppler ultrasound (TCD) for CRAO, the recent
CLOTBUST trial27 which demonstrated significant aug-
mentation of t-PA-induced cerebral arterial recanalization with
TCD, is suggestive of an intriguing treatment possibility.
Another alternative would be to consider the use of the platelet
GPIIbIIIa antagonists, although no reports of such treatment
have been published.  

Central retinal artery occlusion is potentially treatable
medically. Outcomes should focus on restoration of functional
vision, such as achieving a visual acuity of 20/40 or better and
minimization of visual field defects. Despite other literature, our
experience with intra-arterial therapy, although somewhat
limited, has not been convincing for a role in the treatment of
CRAO. Given the intensive resource use, technical difficulty of
the procedure, and lack of effectiveness in our patient
population, we will not continue to offer this therapy. Other
options, such as intravenous drug administration (with or without
TCD augmentation) may potentially be of benefit and should be
studied further. A multi-center prospective study with defined
entry criteria and outcome measures that compares thrombolytic
(intra-arterial or intravenous) with conventional forms of
treatment appears warranted to establish if a therapeutic option
truly exists.
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