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BACKGROUND
Central retinal artery occlusion can result in permanent vision loss. Effective treat-
ment is lacking.

METHODS
We conducted a phase 3, double-blind, double-dummy, randomized, controlled trial 
involving adults with acute, nonarteritic central retinal artery occlusion who had 
symptom onset within 4.5 hours before treatment. Patients were assigned, in a 1:1 
ratio, to receive intravenous tenecteplase (at a dose of 0.25 mg per kilogram of 
body weight) and oral placebo or intravenous placebo and oral aspirin (at a dose 
of 300 mg). The primary end point was vision recovery, defined as a best cor-
rected visual acuity (BCVA) in the affected eye at 30 days of up to 0.7 logMAR 
(logarithm of the minimum angle of resolution; equivalent to !20/100). Key sec-
ondary visual end points were a BCVA of up to 0.5 logMAR (equivalent to !20/63), 
mean improvement in BCVA, and perimetry score at 30 days. Key safety end points 
included symptomatic intracranial hemorrhage, major bleeding, and death.

RESULTS
A total of 78 patients at 16 sites in six countries underwent randomization, with 40 
assigned to receive tenecteplase and 38 to receive aspirin. At 30 days, 8 patients 
(20%) in the tenecteplase group and 9 patients (24%) in the aspirin group had vision 
recovery (risk difference, −3.7 percentage points; 95% confidence interval, −22.0 to 
14.7; P=0.69). The outcomes with regard to the secondary visual end points did not 
differ substantially between the groups. There was a greater incidence of adverse 
events in the tenecteplase group, including one fatal intracranial hemorrhage.

CONCLUSIONS
Intravenous tenecteplase administered within 4.5 hours after onset of central reti-
nal artery occlusion did not result in significantly greater vision recovery at 30 days 
than oral aspirin but was associated with serious safety concerns. (Funded by Oslo 
University Hospital and others; TenCRAOS ClinicalTrials.gov number, NCT04526951; 
EU Clinical Trials number, 2024-517606-29-00.)
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Central retinal artery occlusion is 
an ophthalmologic emergency that car-
ries a high risk of permanent blindness if 

prompt reperfusion is not achieved.1 Patients 
typically present with sudden, painless monocu-
lar vision loss and an afferent pupillary defect.1
Funduscopy usually shows signs of acute retinal 
ischemia, including retinal pallor, a cherry-red 
spot, segmented blood flow, and attenuated 
retinal arteries, although the fundus may appear 
normal.2 In the acute phase, optical coherence 
tomography (OCT) usually shows inner retinal 
hyperreflectivity and thickening, which can aid 
in the diagnosis.3 Central retinal artery occlu-
sion is typically caused by embolism from a ca-
rotid plaque or a cardiac thrombus, but it can 
result from any type of ischemic event.4

Although central retinal artery occlusion is 
considered a cerebrovascular event, key differenc-
es between retinal and cerebral vascular anatomy 
limit the extrapolation of treatment effects from 
acute ischemic stroke therapies. Despite various 
attempted interventions, no therapy has been 
shown to have clear efficacy in the initial treat-
ment of the condition. Although thrombolysis is 
the cornerstone of treatment in acute ischemic 
stroke, its role in treating patients with central 
retinal artery occlusion remains uncertain.

Observational studies suggest a potential ben-
efit of intravenous thrombolysis.5,6 In contrast, a 
phase 2, placebo-controlled trial of intravenous 
alteplase administered within 24 hours after 
symptom onset showed a negative result but 
only included 16 patients.7 In the larger (70 pa-
tients) THEIA (Thrombolysis [Alteplase] in Pa-
tients with Acute Central Retinal Artery Occlu-
sion) trial, patients who received alteplase within 
4.5 hours after symptom onset had improvement 
in vision acuity by an average of 0.62 logMAR 
(logarithm of the minimum angle of resolution) 
as compared with 0.44 logMAR in the aspirin 
group, a difference that did not reach statistical 
significance.8 Intraarterial thrombolysis for cen-
tral retinal artery occlusion has also been evalu-
ated in the European Assessment Group for 
Lysis in the Eye (EAGLE) trial, which was discon-
tinued after enrolling 82 of 200 patients owing 
to similar efficacy in the treatment groups and 
more adverse events in the fibrinolysis group. 
The treatment window was broad, with time 
from symptom onset to intraarterial thromboly-
sis ranging from 4.75 to 23.43 hours.9

Tenecteplase, a genetically modified tissue 
plasminogen activator, offers pharmacologic ad-
vantages over alteplase, including greater fibrin 
specificity, longer half-life, and ease of admin-
istration as a single intravenous bolus.10 Te-
necteplase is an established treatment for myo-
cardial infarction and acute ischemic stroke but 
has not been evaluated in central retinal artery 
occlusion.11-14 Owing to the limited evidence for 
effective therapy in central retinal artery occlu-
sion, we conducted the Tenecteplase in Central 
Retinal Artery Occlusion Study (TenCRAOS) to 
assess the efficacy and safety of intravenous te-
necteplase administered within 4.5 hours after 
symptom onset.15

Me thods

Trial Design and Oversight
TenCRAOS was a phase 3, investigator-initiated, 
double-dummy, double-blind, parallel-group, ran-
domized, controlled trial that assessed treatment 
with intravenous tenecteplase at a dose of 0.25 
mg per kilogram of body weight plus oral pla-
cebo as compared with intravenous placebo plus 
oral aspirin at a dose of 300 mg administered 
within 4.5 hours after the onset of central reti-
nal artery occlusion symptoms.15 The trial was 
coordinated by Oslo University Hospital and 
sponsored by the Norwegian Program for Clini-
cal Therapy Research in the specialist health 
service (Klinbeforsk), the South-Eastern Norway 
Regional Health Authority, and Odd Fellow. The 
cost of tenecteplase was covered by an uncondi-
tional grant from Boehringer Ingelheim Norway. 
The trial involved close collaboration between 
ophthalmologic departments and stroke units15

(see the Supplementary Appendix, available with 
the full text of this article at NEJM.org). The 
protocol (available at NEJM.org) was approved by 
the relevant ethics committees and regulatory 
authorities in all participating countries. The trial 
was conducted in accordance with the Good 
Clinical Practice guidelines of the International 
Council for Harmonisation and the principles of 
the Declaration of Helsinki.

The trial design, analyses, and data collection 
were overseen by a steering committee (see the 
Supplementary Appendix). Site investigators gath-
ered the data, and the trial statistician (the fourth 
author) conducted the data analyses. The first, 
second, and last authors wrote the first draft of 
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the manuscript. The authors vouch for the ac-
curacy and completeness of the data and for the 
fidelity of the trial to the protocol. The sponsors 
had no role in designing the trial; collecting, 
monitoring, analyzing, or interpreting the data; 
or drafting the manuscript. There were no con-
fidentiality agreements between the manufac-
turer and the investigators.

Patients
The target population consisted of patients in 
whom central retinal artery occlusion had been 
diagnosed and who had a best corrected visual 
acuity (BCVA) of 1.0 logMAR or greater in the 
affected eye, corresponding to a decimal BCVA of 
0.1 or lower or a fraction BCVA of 20/200 or less.16

Adults who were at least 18 years of age and 
who had central retinal artery occlusion and 
could receive trial treatment within 4.5 hours 
after symptom onset were eligible. All eligible 
patients were first assessed by an ophthalmolo-
gist. The diagnosis was based on a typical his-
tory and findings from the acute ophthalmo-
logic examination. Given the 4.5-hour treatment 
window, arteritic central retinal artery occlusion 
could not be ruled out by laboratory or imaging 
studies and was assessed clinically. Patients were 
then assessed by an acute-stroke team. A neuro-
logic examination (which included assigning a 
score on the National Institutes of Health Stroke 
Scale) and neuroimaging (in accordance with the 
standard stroke protocol at each participating 
hospital) were performed to rule out a concomi-
tant intracranial vascular event. Written informed 
consent was obtained from all the patients before 
administration of the investigational medicinal 
product; proxy consent was not permitted.

Enrolled patients were admitted and treated in 
stroke units according to local thrombolysis pro-
tocols for ischemic stroke. Etiologic evaluations 
were conducted in accordance with national 
guidelines. After discharge, patients were reexam-
ined by an ophthalmologist and a stroke physi-
cian as outpatients at a mean (±SD) of 30±5 days.

Randomization and Blinding
Block randomization with a computer-generated 
random assignment sequence was used to assign 
the patients, in a 1:1 ratio, to receive one of two 
treatment kits ó  intravenous tenecteplase plus 
dummy comedication (oral placebo capsule) or 
dummy treatment (intravenous placebo) plus active 
comedication (oral aspirin capsule at a dose of 

300 mg). Each treatment kit was assigned a 
unique kit number on the basis of the assign-
ment sequence. Once a patient was assigned to 
a treatment group, trained site personnel autho-
rized the treatment kit with the lowest kit num-
ber to be prepared and administered.

End Points
The primary end point was a BCVA of 0.7 log-
MAR or lower in the affected eye at 30 days after 
treatment, equivalent to a decimal BCVA of at 
least 0.2 or a fraction BCVA of at least 20/100. 
Because a BCVA of at least 1.0 logMAR was an 
inclusion criterion, the primary end point re-
flected an improvement in on-chart BCVA of at 
least 0.3 logMAR, equivalent to at least 15 letters 
on the Early Treatment Diabetic Retinopathy 
Study chart, a change that is widely regarded as 
a clinically meaningful improvement in visual 
acuity.17

Key secondary end points were a BCVA of 0.5 
logMAR or lower at 30 days (equivalent to a 
decimal BCVA of at least 0.32 or a fraction BCVA 
of at least 20/63), a mean change in BCVA from 
baseline to 30 days, the monocular Esterman 
perimetry score at 30 days, and scores on the 
National Institutes of Health Stroke Scale and 
modified Rankin scale at discharge and at 30 
days. Follow-up assessment also included patient-
reported end-point measures of health-related 
quality of life as measured with the EuroQol 
Group 5-Dimension 5-Level questionnaire and 
visual function and vision-related quality of life 
as measured with the National Eye Institute Vi-
sual Function Questionnaire at 30 days (see the 
Supplementary Appendix).

Statistical Analysis
The sample size was estimated on the basis of 
the 2015 meta-analysis by Schrag et al. and its 
primary end point, defined as the proportion of 
patients with central retinal artery occlusion who 
had an initial BCVA of at least 1.0 logMAR and 
recovered to 0.7 logMAR or lower at 30 days.18

Assuming that the percentage of patients who 
met the primary end-point criterion was 20% in 
the aspirin group and 50% in the tenecteplase 
group, we calculated that a total of 78 patients 
(39 per group) would be required to provide the 
trial with 80% power to detect a 30 percentage-
point risk difference (i.e., the difference in the 
percentage of patients with vision recovery) at a 
two-sided significance level of 0.05. No replace-
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ments were made for patients lost to follow-up 
(see the statistical analysis plan, available with 
the protocol).

The primary analyses were performed in the 
full analysis population, which included all the 
patients who had received the assigned trial 
treatment within 4.5 hours after symptom onset. 
The primary end point was analyzed with a lo-
gistic regression model with the treatment group 
as a covariate. Because there were multiple trial 
sites that enrolled only one or two patients, the 
trial site was not included as a covariate in the 
primary model, but robustness analyses were 
performed with adjustment for the trial site as a 
fixed effect. The treatment effect on the primary 
end-point event was defined as the population-
averaged marginal risk difference in the propor-
tion of patients in the combined groups who had 
a BCVA of up to 0.7 logMAR; the treatment ef-
fect was reported with a 95% confidence interval 
and P value of the null hypothesis of no treat-
ment effect (two-sided significance level, 0.05) 
calculated from a logistic-regression model with 
a marginal-effects package by R software, ver-
sion 4.5.0 (R Foundation for Statistical Comput-
ing). A sensitivity analysis involving all the pa-
tients (the intention-to-treat population) was 
also performed.

For the primary end point, subgroup analyses 
were conducted on the basis of the time from 
symptom onset to treatment administration (with-
in 3 hours vs. 3 to 4.5 hours) and the cause of 
central retinal artery occlusion. We imputed miss-
ing values for the primary end point using the 
results of the 90-day follow-up visit, if available; 
otherwise, worst-case imputation (>0.7 logMAR) 
was applied. Sensitivity analyses for the primary 
end point were performed with complete case 
data, worst-case imputation, and best-case im-
putation (≤0.7 logMAR). Because no adjustments 
were made for multiple testing for secondary 
analyses, results are reported as point estimates 
with 95% confidence intervals, from which caus-
al inferences should not be drawn. All statistical 
analyses were performed using R software.

R esult s

Patients
Between November 8, 2020, and March 16, 2025, 
a total of 81 patients were enrolled at 16 sites 
across six European countries. Patients were 
randomly assigned to receive either intravenous 

tenecteplase and oral placebo or intravenous pla-
cebo and oral aspirin. Before the trial treatments 
were unblinded, three patients who had under-
gone randomization were excluded from the full 
analysis population because they did not meet the 
inclusion criteria. One patient received the trial 
treatment outside the 4.5-hour time window, 1 
had a cilioretinal artery supplying the macula that 
preserved BCVA, and 1 subsequently received a 
diagnosis of retinal vasospasm rather than cen-
tral retinal artery occlusion. Unblinding of the 
trial treatments that had been assigned to the 3 
patients revealed that all 3 were in the te-
necteplase group. A total of 78 patients were in-
cluded in the full analysis population ó  40 in the 
tenecteplase group and 38 in the aspirin group.

Baseline visual acuity in the affected eye was 
severely reduced in both groups. In the te-
necteplase group, 3 patients (8%) had on-chart 
visual acuity, 8 (20%) could count fingers, 13 
(32%) perceived hand motion, 13 (32%) had light 
perception, and 3 (8%) had no light perception. In 
the aspirin group, 2 patients (5%) had on-chart 
visual acuity, 5 (13%) could count fingers, 18 
(47%) perceived hand motion, 9 (24%) had light 
perception, and 4 (11%) had no light perception.

Other baseline characteristics were similar in 
the tenecteplase group and the aspirin group, 
except for carotid artery disease, which was more 
prevalent in the aspirin group, and diabetes 
mellitus, which was more prevalent in the te-
necteplase group (Table 1). Of the 78 patients 
included in the analysis, 54 (69%) received the 
trial medication within 3 hours after symptom 
onset ó  31 of 40 patients (78%) in the te-
necteplase group and 23 of 38 patients (61%) in 
the aspirin group.

Efficacy End Points
At 30 days, eight patients (20%) in the tenecteplase 
group and nine patients (24%) in the aspirin 
group had a BCVA of 0.7 logMAR or lower (the 
primary end point) in the affected eye (risk dif-
ference, −3.7 percentage points; 95% confidence 
interval [CI], −22.0 to 14.7; P=0.69) (Table 2 and 
Fig. S1 in the Supplementary Appendix). Results 
of the primary end-point analysis in the intention-
to-treat population were similar to those in the 
full analysis population (Table S3).

The secondary BCVA end-point outcomes 
aligned with that of the primary end point, show-
ing no substantial differences between the treat-
ment groups for any of the assessed end points 
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(Table 2 and Fig. S2). The proportion of patients 
who had a BCVA of 0.5 logMAR or lower at 30 
days was 8 of 40 (20%) in the tenecteplase group 
and 7 of 38 (18%) in the aspirin group (risk dif-
ference, 1.6 percentage points; 95% CI, −15.9 to 
19.1). In the subgroup of 54 patients who re-
ceived treatment within 3 hours after symptom 
onset, 7 of 31 patients (23%) in the tenecteplase 

group and 5 of 23 patients (22%) in the aspirin 
group had a BCVA of 0.7 logMAR or lower (risk 
difference, 0.8 percentage points; 95% CI, −21.5 
to 23.2), and 7 of 31 patients (23%) in the te-
necteplase group and 4 of 23 patients (17%) in 
the aspirin group had a BCVA of 0.5 logMAR or 
lower at 30 days (risk difference, 5.2 percentage 
points; 95% CI, −16.2 to 26.6) (Table 2). Further-
more, the mean change in logMAR from base-
line to 30 days was −0.73±0.92 in the tenecteplase 
group and −0.60±0.91 in the aspirin group, re-
sults that indicate improvement in BCVA. In ad-
dition, there were no substantial between-group 
differences in visual field as assessed with mon-
ocular Esterman perimetry and patient-reported 
end-point measures at 30 days. The primary end 
point reflected an improvement in on-chart BCVA 
of 0.3 logMAR or more. However, some patients 
had an improvement of 0.3 logMAR despite re-
maining off-chart ó  for example, improving 
from counting fingers to perceiving hand mo-
tion. When these patients were also included, 25 
of 40 patients (62%) in the tenecteplase group 
and 19 of 38 (50%) in the aspirin group had an 
improvement in BCVA of at least 0.3 logMAR 
(Table S4).

Safety End Points
A total of 30 adverse events among 19 partici-
pants were reported in the tenecteplase group, 
and 19 adverse events among 13 participants 
were reported in the aspirin group. A similar 
trend was observed for serious adverse events, 
with 10 events among 8 patients in the te-
necteplase group and 4 events among 4 patients 
in the aspirin group (Table 3). One serious ad-
verse event that was reported in the tenecteplase 
group was considered by the investigators and 
the data and safety monitoring board to be re-
lated to the trial medication. This event was fatal, 
involving ongoing cerebral ischemia that was not 
apparent clinically or on computed tomography 
of the head. Multiple intracerebral hemorrhages 
caused by reperfusion of damaged brain tissue 
subsequently developed.

Discussion

In this trial, intravenous tenecteplase at a dose 
of 0.25 mg per kg administered within 4.5 hours 
after symptom onset did not lead to better visual 
outcomes than oral aspirin at a dose of 300 mg 

Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Tenecteplase

(N=40)
Aspirin
(N=38)

Age ó  yr 71±10 72±9

Female sex ó  no. (%) 15 (38) 12 (32)

Weight ó  kg 82±19 84±19

Mean NIHSS scoreÜ 0 0

Modified Rankin scale score ó  no. (%)á

0 32 (80) 32 (84)

1 5 (12) 4 (11)

2 3 (8) 2 (5)

Current smoker or history of smoking 
ó  no. (%)

9 (22) 5 (13)

Hypertension ó  no. (%) 31 (78) 25 (66)

Cardiac valvular disease ó  no. (%) 3 (8) 1 (3)

Heart failure ó  no. (%) 3 (8) 1 (3)

Coronary artery disease ó  no. (%) 10 (25) 6 (16)

Carotid artery disease ó  no. (%)ß 2 (5) 9 (24)

Atrial fibrillation ó  no. (%) 1 (2) 1 (3)

Diabetes mellitus ó  no. (%) 6 (15) 0

Dyslipidemia ó  no. (%) 24 (60) 19 (50)

Previous transient ischemic attack 
or stroke ó  no. (%)

4 (10) 4 (11)

Cause ó  no. (%)

Carotid-artery atherosclerosisß 16 (40) 17 (45)

Small-vessel disease 6 (15) 5 (13)

Cardioembolism 3 (8) 2 (5)

Other 5 (12) 1 (3)

Unknown 10 (25) 13 (34)

*  Plusñ minus values are means ±SD.
Ü   Scores on the National Institutes of Health Stroke Scale (NIHSS) range 

from 0 to 42, with higher scores indicating greater neurologic deficit.
á   Scores on the modified Rankin scale measure the degree of disability or 

functional dependence in daily activities, ranging from 0 (no symptoms) 
to 6 (death).

ß   Carotid-artery atherosclerosis data specifically refer to previously diagnosed 
carotid artery disease at baseline, as recorded in the case-report forms. The 
etiologic classification of central retinal artery occlusion (not included here) 
reflects the final adjudicated cause of the index event, determined post hoc 
after a full diagnostic workup including carotid imaging.
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in patients with central retinal artery occlusion. 
This finding was consistent across all visual ef-
ficacy end points, including in patients treated 
within 3 hours after symptom onset ó  a sub-
group that comprised two thirds of the trial popu-
lation. However, safety concerns emerged, with a 
higher frequency of serious adverse events in the 
tenecteplase group, including one incident of fatal 
intracranial bleeding. Although we concluded that 
there was no significant difference between the 
groups, the 95% confidence interval for the pri-
mary end point includes a risk difference of up to 
14.7 percentage points in favor of tenecteplase. 
Thus, a modest treatment effect cannot be ruled 
out; however, the effect may be insufficient to 
justify the risks of systemic thrombolysis.

The results of our trial are consistent with 
findings from the French multicenter THEIA trial, 
which evaluated intravenous alteplase adminis-

tered within 4.5 hours after symptom onset,8 as 
well as those from the EAGLE trial, which inves-
tigated intraarterial thrombolysis.9 Because ear-
lier trials have used longer time windows, uncer-
tainty remained about whether earlier reperfusion 
treatment ó  within the first few hours after 
symptom onset ó  might yield better outcomes. 
With both the THEIA and TenCRAOS trials now 
completed, there is so far no evidence that intra-
venous systemic thrombolysis is more effective 
than aspirin in treating central retinal artery 
occlusion within 4.5 hours after symptom onset. 
However, the ongoing REVISION (Early Reperfu-
sion Therapy with Intravenous Alteplase for Re-
covery of Vision in Acute Central Retinal Artery 
Occlusion) trial will contribute more data.19

Despite having pathophysiologic mechanisms 
that are similar to those of cerebral ischemia, 
central retinal artery occlusion appears resistant 

Table 2. Efficacy End Points at 30 Days.*

End Point
Tenecteplase

(N = 40)
Aspirin

(N = 38)
Risk Difference

(95% CI)

Primary end point: BCVA of ≤0.7 logMAR ó  no. of patients/total no. (%)Ü 8/40 (20) 9/38 (24) −0.04 (−0.22 to 0.15)

Secondary end pointsá

BCVA of ≤0.5 logMAR ó  no. of patients/total no. (%) 8/40 (20) 7/38 (18) 0.02 (−0.16 to 0.19)

Mean change in BCVA from baseline ó  logMAR −0.73±0.92 −0.60±0.91 −0.12 (−0.53 to 0.28)

Mean number of test points seen on Esterman perimetry ó  no. out 
of 100ß

35±36 37±38 −1.71 (−13.37 to 9.96)

Mean NIHSS score at discharge 0.1±0.3 0±0.2

Mean NIHSS score at 30 days 0.2±0.5 0

Mean mRs score at discharge 1.3±1.1 1.3±0.8

Mean mRs score at 30 days 1.4±0.3 1.4±1.0

Mean EQ-5D-5L index value at 30 days¶ 0.84±0.25 0.87±0.13

Mean VFQ-25 score at 30 days% 74.6±20.3 74.1±18.6

Neovascularization in the affected eye at 30 days ó  no. (%) 1 (2) 1 (3)

Subgroup treated ≤3 hr after onset ó  no./total no. (%)

Patients with BCVA of ≤0.7 logMAR 7/31 (23) 5/23 (22) 0.01 (−0.22 to 0.23)

Patients with BCVA of ≤0.5 logMAR 7/31 (23) 4/23 (17) 0.05 (−0.16 to 0.27)

*  The percentages in the treatment-group columns have been rounded to the nearest whole number; however, the values in the Risk 
Difference column are based on the actual values. BCVA denotes best-corrected visual acuity and mRs modified Rankin scale.

Ü   The logarithm of the minimum angle of resolution (logMAR) is a linear scale of visual acuity, in which higher values indicate worse vision. 
Each 0.1 increment represents a one-line change on the five-letters-per-line Early Treatment Diabetic Retinopathy Study visual acuity chart. 
A logMAR of 0.0 corresponds to 20/20 vision.

á   The differences and 95% confidence intervals for the secondary end points have not been adjusted for multiplicity.
ß   Monocular Esterman perimetry is a standardized, single-eye variant of the binocular Esterman visual field test. It evaluates the full visual 

field using suprathreshold stimuli.
¶   The EuroQol 5-Dimension 5-Level (EQ-5D-5L) questionnaire assesses health-related quality of life across five domains. Scores are converted 

into an index value and range from −0.594 (indicating worst health) to 1.00 (indicating full health).
%  The National Eye Institute Visual Function Questionnaire (VFQ-25) evaluates vision-related quality of life, with scores ranging from 0 (worst 

possible function) to 100 (best possible function).
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to the same reperfusion strategies. Effective 
therapy for central retinal artery occlusion re-
mains elusive, and alternative approaches war-
rant investigation in future trials. Whether the 
use of intravenous thrombolysis in the treatment 
of this disorder may be beneficial within an even 
shorter time window remains uncertain. The 
central retinal artery is effectively an end artery 
with limited collateral circulation, making early 
intervention theoretically important.1 Neverthe-

less, no benefit was observed in the two thirds 
of the total trial population who were treated 
within a 3-hour window.

Safety concerns ó  particularly the increased 
risk of intracranial hemorrhage ó  remain irre-
spective of the treatment window. Any modest 
treatment effect may be insufficient to justify 
the risks associated with systemic thrombolysis, 
particularly given that most patients retain vi-
sion in the unaffected eye. However, the single 
fatal event observed in our trial should be inter-
preted in a broader context. Symptomatic intra-
cerebral hemorrhage occurred in 2 of 42 patients 
(5%) in the EAGLE trial who were treated with 
intraarterial fibrinolysis, which allowed a broader 
treatment window, whereas one meta-analysis 
showed no such cases among 89 patients treated 
with intravenous fibrinolysis within 4.5 hours 
after symptom onset and two cases among pa-
tients in whom treatment was initiated later.5,9

Because 20 to 30% of patients with central reti-
nal artery occlusion have concurrent cerebral 
ischemia detectable on diffusion-weighted mag-
netic resonance imaging,20,21 data on bleeding 
risk in stroke also provide important context. In 
minor stroke, the reported rate of fatal intracra-
nial hemorrhage is approximately 0.9%, which 
is similar to the percentage observed in our 
trial.22

The population in our trial reflects real-world 
clinical presentation and aligns well with known 
demographic and etiologic patterns of central 
retinal artery occlusion in Europe (Table S2). The 
main limitation of the trial was its relatively 
small sample size of 78 patients, which provided 
statistical power to detect a difference in clini-
cally meaningful improvement in vision of 30 
percentage points in favor of tenecteplase, but 
the trial was not powered to detect smaller dif-
ferences. Although the trial was powered on the 
basis of previous meta-analytic data that sug-
gested a relatively large treatment effect,18 our 
results are consistent with those of a later obser-
vational cohort study of intravenous thrombolysis 
in central retinal artery occlusion, which showed 
no evidence of superiority of thrombolysis over 
conservative treatment.23 Another limitation is 
that the mean change in BCVA from baseline to 
30 days, a secondary end point, required the con-
version of no light perception or light perception 
to a logMAR value, which is inherently inaccu-
rate.16 Moreover, inclusion of patients with central 
retinal artery occlusion within 4.5 hours after 

Table 3. Safety End Points.

End Point
Tenecteplase

(N=40)
Aspirin
(N=38)

no. of patients (%)

Death at 30 days 1 (2) 0

Symptomatic intracranial hemorrhage* 1 (2) 0

Any intracranial hemorrhage at 24 hr 2 (5) 0

Any systemic bleeding at 30 daysÜ 1 (2) 2 (5)

Ischemic strokeá 1 (2) 1 (3)

Reocclusion of central retinal arteryß 1 (2)

Giant-cell arteritis¶ 1 (2) 0

Carotid endarterectomy or stenting 3 (8) 2 (5)

Hypotension or syncope 1 (2) 1 (3)

Adverse events% 19 (48) 13 (34)

Mild 12 (30) 11 (29)

Moderate 13 (32) 3 (8)

Severe 3 (8) 5 (13)

Life-threatening 1 (2) 0

Death 1 (2) 0

*  The patient who had a symptomatic intracerebral hemorrhage was the same 
patient who died.

Ü   One patient in the tenecteplase group had reduced visual function in the af-
fected eye 25 days after enrollment and was diagnosed with retinal bleeding 
at the 30-day follow-up, although the visual acuity had normalized (a score of 
89 on the Early Treatment Diabetic Retinopathy Study visual acuity chart). The 
two cases of systemic bleeding in the aspirin group involved rectal bleeding 
and epistaxis. Only the incident of retinal bleeding was classified as a serious 
adverse event.

á   The patient in the tenecteplase group died. The patient in the aspirin group 
had ipsilateral ischemic stroke one day after enrollment and had partial recov-
ery. Carotid emboli were considered the cause of both central retinal artery 
occlusion and ischemic stroke.

ß   One patient had reduced visual function 7 days after enrollment, and reoc-
clusion of the central retinal artery was diagnosed on the same day, but the 
patientí s visual function improved as of the 30-day follow-up, when the score 
on the Early Treatment Diabetic Retinopathy Study visual acuity chart was 70.

¶   The patient met the criteria for enrollment, with a normal sedimentation rate 
and no headache. However, 3 weeks after enrollment, leg pain and elevated 
inflammatory markers developed, leading to a diagnosis of polymyalgia rheu-
matica.

%  Adverse events are classified and graded in accordance with Common 
Terminology Criteria for Adverse Events of the U.S. National Cancer Institute 
and range from grade 1 (mild) to grade 5 (death related to the adverse event).
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symptom onset relied solely on the patient' s re-
port of the time of onset.

In patients with central retinal artery occlu-
sion, intravenous tenecteplase administered with-
in 4.5 hours after symptom onset did not improve 
visual outcomes more than oral aspirin at a dose 
of 300 mg and was associated with an increased 
risk of serious adverse events. These findings 
do not support the routine use of thrombolytic 
therapy to treat central retinal artery occlusion.
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