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Purpose: To investigate the benefit of early intra-arterial tissue plasminogen activator (IAT)
for treatment of central retinal artery occlusion (CRAO).

Patients and Methods: Fifteen eyes of 15 patients presenting with acute CRAO were
included in this retrospective consecutive interventional case series. Patients were excluded if
treatment with IAT was not initiated within 12 hours. The diagnosis was confirmed by an
ophthalmologist. IAT was performed via a transfemoral arterial approach. Tissue plasmino-
gen activator (tPA) was infused into the ophthalmic artery in aliquots up to 3mg to
a maximum of 22mg. Paracentesis was done at the ophthalmologist’s discretion. The primary
outcome measure was visual acuity after three weeks. Adverse events were recorded during
treatment and follow-up visits.

Results: After treatment with IAT, there was a statistically significant improvement in visual
acuity, with a mean change of —0.76 (SD 0.91; range —2.4 to 0.85) logMAR (p=0.006).
Vision improved by 3 or more lines in 53%, and of these, the mean Snellen visual acuity
improvement was >6 lines. Notably, 4 patients (27%) improved from CF or worse to 20/80
or better. The mean dose of tPA used was 17mg and the mean time to treatment was 8.83
hours (range: 5.5 to 12 hours). There were no statistically significant differences based on
time to treatment, dose of tPA, or use of a paracentesis. No major adverse events were
recorded.

Conclusion: IAT was safe and showed significant visual improvement in this small uncon-
trolled study. Larger studies and efforts to decrease time to treatment should be initiated to
optimize outcomes.

Keywords: CRAO, tPA, intervention, treatment, ophthalmic artery

Introduction
Acute non-arteritic central retinal artery occlusion (CRAO) presents as painless uni-
lateral vision loss and is of embolic origin. The incidence of CRAO is approximately 1
in 100,000 patients, occurring more often in the elderly and in those with cardiovas-
cular risk factors.'* Although CRAO is essentially a “stroke in the eye,” there is little
consensus regarding the use of thrombolysis or a standardized approach to treatment.>*
A recent survey found that while over half of academic medical centers in the United
States offer intravenous fibrinolysis in select patients, few are routinely offering intra-
arterial therapy.” Prior studies have mixed outcomes and barriers in prompt diagnosis
and early management remain significant.” Current practices include the use of medical
and procedural therapies that have little effect on visual outcomes.’

Previous studies have examined the outcomes of intravenous and endovascular
intra-arterial thrombolysis for CRAO. Although some visual benefit has been shown
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with intravenous thrombolysis,” proponents of local intra-
arterial therapy (IAT) to the ophthalmic artery believe there
is reduced risk of systemic complications and potential for
greater benefit. Beginning in 1984, many studies ranging in
size and methodology have examined the utility and safety
of IAT using recombinant tissue plasminogen activator (tPA)
for acute CRAO. Results have been mixed, with reported
visual outcomes of no benefit to surpassing 50% of patients,
and with adverse events ranging from minor (headache, pain
or hematoma at the access site) to major (TIA, intracranial

hemorrhage, and neurologic deficit).*’

Only one randomized controlled trial® of IAT in CRAO
has been published thus far (the EAGLE trial), which
found no difference between IAT and conservative man-
agement. Alternatively, retrospective trials have found
visual acuity improvements with timely management.'’
Critiques of prior studies, particularly the EAGLE trial,
include a wide variety in time from onset to treatment,
concern for selection bias, and interventional
methodology."!

The purpose of this study was to investigate the
potential for benefit of IAT for CRAO, and to determine
whether this intervention can safely be implemented in
a large hospital system with endovascular capabilities.
With the degree of variability in prior studies, we sought
to initiate a standardized protocol to evaluate visual out-
comes, and to establish whether a larger, randomized
study would be clinically beneficial in our patient

population.

Patients and Methods

This retrospective consecutive interventional case series
was approved by the Institutional Review Board of The
Mount Sinai Health System and the Icahn School of
Medicine at Mount Sinai (New York, NY). Informed con-
sent detailing the risks, potential benefits, and alternatives
was obtained for the proposed treatment. The collection of
patient information was subsequently attained in indivi-
duals who underwent intervention. The study was con-
ducted in adherence to the Health Insurance Portability
and Accountability Act and the Declaration of Helsinki.
Patient identifying information was kept confidential.

Patients and Setting
Consecutive patients presenting with acute CRAO were

enrolled at a single institutional system.

Study Protocol

Upon presentation to any site within the hospital system,
patients were diagnosed with CRAO based on the follow-
ing clinical presentation: (1) A history of acute, painless
monocular vision loss, (2) evidence of retinal ischemia on
fundoscopic exam by an ophthalmologist, including retinal
whitening and/or the presence of a cherry red spot, and/or
a relative afferent pupillary defect when relevant. Giant
cell arteritis was ruled out in separate evaluations by the
emergency medicine service, the stroke service, and the
ophthalmology consultation. Non contrast computed tomo-
graphy (CT) of the brain was acquired for all patients.
After diagnosis, informed consent was obtained for the
proposed intervention. At the discretion of the diagnosing
ophthalmologist, some eyes were treated with anterior
chamber paracentesis prior to IAT. Patients were treated
only if IAT could be performed within 12 hours of symp-
tom onset. Participants were excluded if there was evi-
dence of any confounding retinal pathology, if there were
any concomitant neurologic sequelae concerning for
a cerebrovascular event, or there was concern for an
arteritic CRAO (eg giant cell arteritis) based on sympto-
matology and/or erythrocyte sedimentation rate and
C-reactive protein levels on routine laboratory
investigation.

IAT was performed using biplane fluoroscopic gui-
dance in the neuro-interventional suite, via a transfemoral
arterial approach. All procedures were performed with
anesthesiologist support under monitored anesthesia care
(MAC). A standardized approach was used for all patients
who underwent intervention. Guide catheter access to the
target internal carotid artery was obtained and following
that a microcatheter and micro-guidewire was used to
cannulate the origin of the ipsilateral ophthalmic artery.
Infusion of tPA was given in increments of up to 3mg/3mL
in aliquots of normal saline over 3 to 5 minutes each up to
a maximum total of 22mg. tPA infusion was stopped if
visual acuity improved or newly observed patency of the
central retinal artery was achieved as indicated by a retinal
blush. Following this, final angiograms were performed,
and all catheters were removed. All patients were admitted
post-operatively to either a dedicated stroke unit or neuro-
surgical intensive care unit for monitoring.

The primary outcome measure was visual acuity at
three-week follow-up. “Clinically meaningful improve-
ment” in visual acuity was defined as a three-lines or

more improvement in Snellen line acuity. If the Snellen
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line equivalent was either unchanged, improved by less
than three lines, or declined by less than three lines, vision
was considered “stable.” Vision was considered “worse” if
acuity declined by three or more lines of Snellen equiva-
lent. Secondary variables evaluated included age, gender,
laterality, whether ocular paracentesis was performed, the
total dose in milligrams of tPA administered, whether there
was improvement in the retinal blush during IAT, and the
time from symptom onset to IAT.

The presence of any major adverse events related to
IAT treatment (such as intracranial hemorrhage, transient
or permanent ischemic events, access site hematoma or
hemorrhage, and any neurologic deficits) were recorded at
the time of intervention and at the three-week follow up
visit.

All patient identifiers were removed on completion of
the data collection. Data were then saved on a password-
protected Microsoft Excel file and subsequently uploaded
to statistical software for analyses. All statistical analysis
was conducted using Stata 13 (StataCorp LP, College
Station, TX).

Statistical Analysis

All Snellen visual acuity data was converted to logMAR
for the purposes of statistical analysis. The results and
discussion are discussed in terms or Snellen acuity for
clinical relatability. No light perception, light perception,
hand motion, and count fingers vision were approximated
by logMAR values of 3.0, 2.7, 2.28, 1.85,
respectively.'*'® A two-sided paired r-test was used to

and

compare visual acuity outcomes before IAT and at three-
week follow up. An unpaired two-sided #-test was used for
comparison of visual acuity changes between patients
treated before and after eight hours. Individual simple
linear regression analyses were used to assess for
a relationship between visual acuity outcomes and time
to IAT, the dose of tPA used, and the relationship between
pre and post IAT visual acuity. A two-tailed Fischer’s
exact test was used to compare categorical variables.
A cutoff of p<0.05 for statistical significance was used
for all measures of association.

Results

Fifteen patients (15 eyes; 11 right, 4 left) were included in
this study. Patients were an average of 60 years old (range
28 to 84); four (27%) were male and 11 (73%) female.
Ocular paracentesis was performed in six (40%) of
patients. Mean dose of tPA used was 16.87 mg (SD 7.19;

range 3 to 22) and mean time from symptom onset to
treatment initiation was 8.83 hours (SD 2.37; range 5.5
to 12). Final visual acuity at three weeks after IAT
improved by three or more Snellen lines in eight (53%)
eyes, remained stable or unchanged (within three Snellen
lines) in 6 (40%) eyes, and was worse (by three or more
lines) in one (7%) eye (Figure 1). Table 1 lists the indivi-
dual patient characteristics, visual acuity, and IAT treat-
ment data.

Prior to treatment, logMAR visual acuity was on aver-
age 2.18 (SD 0.82; range 0.6 to 3). In comparison, mean
logMAR visual acuity three weeks after IAT was 1.42 (SD
0.99; range 0.1 to 3). This demonstrated a statistically
significant improvement of 0.76 (SD 0.91; range —2.4 to
0.85) in logMAR visual acuity (p=0.0061). In those
patients with a clinically significant improvement in visual
acuity after IAT (n=8), there was an average improvement
of 1.37 logMAR visual acuity (SD 0.72; range —2.4 to
—0.42). These changes after intervention are depicted gra-
phically in Figure 2. Overall, there was an average of 3.43
lines of improvement in Snellen visual acuity (SD 3.99;
range —3 to 11). In those patients with a clinically signifi-
cant improvement in visual acuity, the average improve-
ment was 6.44 lines of Snellen visual acuity (SD 2.80,
range 3 to 11).

On average, the visual acuity before and then three
weeks after treatment was correlated in a linear fashion
(p=0.054, Figure 3). Average change in BCVA in patients

who received IAT within 8 hours or less from symptom
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Figure | A histogram demonstrating the number of lines of improvement in
Snellen acuity by the frequency of occurrence, for patients treated with intra-
arterial tPA for CRAO. Of the eight (53%) eyes that improved by more than
three (right of the dotted line), six (75%) improved by five lines or more. Only
five (33%) eyes showed no improvement or worsening, while two (13%) improved
although by less than three lines.
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Table | Patients with CRAO Treated with Intra-Arterial tPA

Age Gender | Eye | Ocular Baseline Follow-Up | Time to tPA | tPA rAPD | Retinal Improved
Paracentesis | BCVA BCVA (Hours) Dose Blush Retinal Blush
(mg) (Pre/
Post)
65-70 | Female OD | No NLP CF 12 22 Yes Yes | Yes | No
70-75 | Male OD | Yes LP CF 55 22 Yes Yes | Yes | No
45-50 | Female OS | No LP 20/50 6 20 Yes No | Yes | Yes
55-60 | Female OS | Yes LP 20/800 9 22 NA Yes | Yes | Yes
25-30 | Female OS | Yes HM HM 10 22 Yes Yes | Yes | No
75-80 | Female OD | No HM HM 12 3 NA Yes | Yes | Yes
85-90 | Female OD | No NLP 20/80 I 20 None | No | Yes | Yes
65-70 | Female OD | No NLP NLP 6 22 Yes Yes | Yes | No
70-75 | Female OD | Yes LP LP 8 20 Yes Yes | Yes | Yes
75-80 | Male OD | Yes HM CF 8 3 Yes Yes | Yes | No
55-60 | Female OD | No CF 20/70 6 6 Yes No | No | No
60-65 | Male OD | Yes CF 20/30 7 17 NA Yes | Yes | Yes
45-50 | Female OS | No 20/80 20/30 10 20 NA Yes | No | Yes
25-30 | Female OS | No 20/200 CF 12 22 None | Yes | Yes | No
55-60 | Male OD | No 20/100 20/25 10 12 None | Yes | Yes | Yes

Notes: |) Ages are listed as a range for de-identification. 2) If the patient had already been pharmacologically dilated or there was no pupillary exam listed, the status of
a relative afferent pupillary defect (rAPD) has been listed as “not available” (NA). When there was no rAPD present or the pupillary exam was non-reactive, the status has

been listed as “none.”

Abbreviations: CRAO, central retinal artery occlusion; tPA, recombinant tissue plasminogen activator; BCVA, best-corrected visual acuity (Snellen); rAPD, relative afferent

pupillary defect; NA, not available.

onset was —0.94 logMAR (95% CI: —1.42 to 0.21) versus
—0.60 (95% CI: —1.74 to —0.13) in those who received
treatment between 8 and 12 hours, with no statistically
significant difference between the two groups (2-sided
t-test, p=0.498). Of the patients who received IAT within
8 hours or less, 3 (20%) had a clinically significant visual
improvement while 4 (27%) had stable or worse visual
acuity at follow-up. A linear regression analysis of the
degree of change in logMAR BCVA as a function of
time to IAT did not demonstrate a statistically significant
relationship (p=0.284). Similarly, a linear regression of
change in BCVA as a function of dose of tPA was not
statistically significant (p=0.856).

An improved retinal blush (example, Figure 4) was
present in 6 (75%) of the 8 cases where visual acuity
improved by three or more Snellen lines, compared with
2 (29%) of the remaining 7 without significant visual
improvement (Fischer’s exact test, p=0.13).

At the time of IAT intervention, no major adverse
events took place. At three-week follow-up, no late effects
or neurologic deficits were present in any patient.

Discussion

More than half of the patients in this study had a clinically
significant improvement in visual acuity of greater than or
equal to 3 Snellen lines. Notably, 75% of those who
responded to treatment showed a substantial change in
visual acuity, with improvement of at least five lines.
A subset of patients (4/15, 27%) improved from count
fingers or worse to 20/80 or better. Thus, patients may
gain a considerable functional improvement from this
intervention. As a point of reference, the cutoff for
a conditional driver’s license in New York State is 20/70
or better in at least one eye. Our results are consistent with
past reports'® and demonstrate better outcomes compared

to natural history.'*'?
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Figure 2 Box plots representing best-corrected visual acuity before and after
intervention with intra-arterial tPA for CRAO. In A and B (left), results are from
all eyes (n=15) that received intervention. In C and D (right), results are from the
subset of eyes (n=8) with improvement of 3 or more lines of Snellen visual acuity
improvement, demonstrating the magnitude of visual improvement in cases of
successful treatment. Statistical testing was done using logMAR values. ***statistical
significance, p<0.05.

The most extensive and definitive studies of natural
history have been done by Hayreh and colleagues.'>'® In
cases of non-arteritic CRAO without cilioretinal artery
sparing, they found that 22% showed any improvement.
In cases of non-arteritic CRAO with cilioretinal artery
sparing the rate of any improvement was 67%."> In our
study, 67% of patients showed any visual improvement
and 53% showed improvement of 3 lines or more. Since
we conducted a retrospective review of a small sample of
consecutive patients treated on the stroke service, most did
not have either photographs or fluorescein angiography.
Therefore, we were not able to differentiate between

A

Figure 3 Linear regression analysis of visual acuity at 3-weeks post intervention
(y-axis) as a function of visual acuity at initial presentation (x-axis) of eyes treated
with intra-arterial tPA for CRAO. Results demonstrate a moderate to high associa-
tion (r=0.506) with borderline statistical significance (p=0.054).

patients with or without cilioretinal artery sparing. For
our statistics to resemble the natural history studies, all
of them would have been expected to have cilioretinal
artery sparing, which are more likely to result in visual
improvement. This is unlikely because a cilioretinal artery
is found in only about 10-32% of eyes.'”'® Although
transient CRAO with visual recovery was possible in
a subset of our cohort, overall the expected change in
visual acuity in these patients treated with IAT was sig-
nificantly different than what would be expected by natural
history alone.

In 2015, Schrag, et al’ performed a comprehensive
meta-analysis of studies using intravenous fibrinolysis
The authors

compared to natural studies.

history

Figure 4 Left internal carotid artery cranial diffusion subtraction angiography images before and after tPA thrombolysis for CRAO. Lateral view shows minimal but present
retinal blush (black arrows) before tPA injection (A). After tPA injection, improvement of the retinal blush (black arrows) is observed (B).
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considered clinically significant visual acuity an improve-
ment from worse than logMAR 1.0 to better than logMAR
0.7. This corresponds to a starting visual acuity worse than
20/200 with improvement to 20/100 or better. They iden-
tified the rate of improvement to be 17.7% (range: 13.9—
21.4%). The percentage of patients that improved with
intravenous fibrinolysis was 31.8% (range: 24.3-39.3%).
Applying this analysis to our data, 26.7% of patients
showed improvement, which is within the range of their
treatment group. Additionally, this analysis would exclude
patients who improved from NLP to count fingers and
from LP to 20/800. While these patients did not improve
to better than legal blindness, we consider their visual
benefit clinically significant.

In the eyes that responded, six of eight showed
improvement of at least five lines. Initial vision appeared
to correlate with final visual acuity, and time from symp-
tom onset to IAT did not correlate with visual improve-
ment. In eyes that responded, the retinal blush was more
likely to have improved during IAT. However, this result
was not statistically significant compared with eyes that
did not respond, most likely due to the small sample size
of this study.

In a large study of visual acuity outcomes of CRAO by
Hayreh and Zimmerman,'* 61% of patients were found to
have a final VA of 20/400 or worse. In our study, this was
similarly the case in 9 (60%) of the patients at the final
three-week follow up. Considering that 8 (53%) of the
eyes in this study showed clinically relevant visual
improvement after intervention compared with the
30-35% of eyes with spontaneous improvement reported
by Hayreh and Zimmerman, these results appear to differ
from the natural course of the disease. Given that standard
therapy is of little help in altering the visual outcomes in
CRAO,'"?° and noting the absence of serious adverse
outcomes in our study, IAT may be a reasonable first line
therapy for these patients.

In animal models of CRAOQ, irreversible retinal ische-
mia took place after a mean of 105 minutes.'® The total
occlusion induced in these models may not fully replicate
the embolic etiology causing the majority of CRAO in real
world conditions.

Given the safety profile reported here, potential for
severe vision loss without treatment, and the inability to
identify constitution of thrombi in-vivo, the benefit we saw
with treatment may outweigh the nearly assured severe
visual loss in untreated eyes. Although one patient experi-
enced a meaningful visual decline at follow-up, it is

difficult to assess whether this was related to IAT failure
or a treatment related adverse event.

Although our study was not powered to show greater
improvement with decreased time to treatment, recent clin-
ical evidence has suggested this as a possibility.”'**' We
expect the greatest clinical benefit to be within 6 hours or
less, although we did observe one case of significant visual
improvement even 11 hours after the onset of symptoms.
There were also two patients with considerable improve-
ment at 10 hours with presenting visual acuities of 20/100
and 20/80. Although we are unable to determine whether
a degree of collateralization or reperfusion had taken place,
these results suggest that future studies may benefit from
implementing a pre-operative visual acuity cutoff. There are
also inherent limitations to initiating even earlier IAT (eg
less than 4.5 hours), mostly related to the time it takes to
present to an emergency department, time from presentation
to diagnosis, and initiation of a treatment protocol.

There has been only one randomized controlled trial
examining IAT for CRAO.® Despite a sufficiently powered
study, no significant difference was found between IAT and
conservative therapy. This study has been criticized for
including patients too long after symptom onset.'' Patients
were treated as long as 20 hours from last known well and
fewer than 20% were treated within 6 hours. A post hoc
analysis of this trial showed a benefit to earlier treatment”'
which indicates that a more streamlined protocol for earlier
treatment initiation with stricter cutoffs may prove beneficial.

A large retrospective study of IAT and recent meta-
analysis of IAT have shown more promising results for fibri-
nolysis of CRAO. Aldrich, et al'® found that 66% of patients
treated with IAT showed visual improvement, versus 33% in
the standard therapy group. Our procedural protocol mirrored
that employed by Aldrich et al and has provided similar
results.

In a recent meta-analysis by Page et al,” 50.4% of eyes
treated with IAT had an improvement in visual acuity com-
pared with 31.8% in eyes managed with standard or conser-
vative therapy. These recent positive results, and the visual
improvement achieved in several of our patients, indicate that
treatment of retinal artery occlusions with IAT may lead to
meaningful improvement in visual acuity for most patients.

Since all patients were treated consecutively and then
reviewed retrospectively, there was no randomization to
IAT versus standard therapy. The intention was to treat
patients with the best-known intervention, thereby pre-
cluding use of a control group. This is a limitation, but it
also decreased the possibility of selection bias in this
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retrospective review. Retinal imaging, including OCT and
fluorescein angiography, were not available in the emer-
gency room setting. Finally, this was a relatively small
sample size. This was due in part to the low incidence of
CRAO and the tendency for patients to present outside of
the clinical window to perform IAT. More efficient screen-
ing protocols and streamlined system-wide coordination of
care will help limit logistical barriers to treatment.

Conclusion

Significant visual morbidity may be prevented by timely
treatment for CRAO by IAT administered within the first 12
hours of symptom onset. The safety profile reported in this
cohort and past studies suggests a low risk of adverse events.
Considering the significant visual improvement gained by
several patients in this study it is important to continue to
evaluate this treatment for CRAO. Future efforts should focus
on improving education of patients and clinicians about the
emergent nature of CRAO while also streamlining the clinical
evaluation of the patient to shorten the time to treatment.
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