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Intravenous alteplase versus oral aspirin for acute central
retinal artery occlusion within 48 h of severe vision loss
(THEIA): a multicentre, doublefdummy, patientiblinded and
assessorfblinded, randomised, controlled, phase 3 trial
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Thomas Ronziltte, Lionel Calvittre, Sophie Godard@ucceschi, Laetitia Barbin, Pierre Lebranchu, Benoit Guillon, on behalf of the THEIA collaborators*

Summary

Background Central retinal artery occlusion (CRAO) is a subtype of ischaemic stroke that results in acute monocular
vision loss. Although openla bel studies and metafl nalyses have suggested that early intravenous thrombolysis might
improve visual acuity, no randomised controlled trials have yet confirmed this benefit. We aimed to compare the
safety and efficacy of intravenous alteplase with oral aspirin in patients with CRAO treated within 405 h of onset of
severe vision loss.

Methods THEIA was a multicentre, doubleldummy, patientiblinded, assessorblinded, randomised, controlled, phase 3
trial conducted across 16 hospitals with stroke units in France. Adults (aged =18 years) presenting with sudden, severe,
and persistent monocular vision loss (Snellen <20/400) due to suspected nonfrteritic acute CRAO were eligible for
inclusion. Participants were randomly assigned (1:1), stratified by centre, to receive either 00D mg/kg of bodyweight
intravenous alteplase and oral placebo (alteplase group) or 300 mg oral aspirin and intravenous saline placebo (aspirin
group) within 405 h of symptom onset. Patients, outcome assessors, and the study sponsor were masked to treatment
allocation; treating nurses and neurologists were unmasked. The primary efficacy outcome was improvement in visual
acuity of at least 0[B logarithm of the minimum angle of resolution (LogMAR) from baseline to 1 month, analysed in the
full analysis set, which included all patients who received the complete intervention and a visual acuity assessment at
baseline. Safety outcomes included serious adverse events, particularly intracranial and extracranial bleeding, analysed in
all randomly assigned participants. This study is registered at ClinicalTrials.gov (NCT03197194) and is completed.

Findings Between June 8, 2018, and Oct 2, 2023, 70 patients (mean age 70 years [SD 9]; 25 [36%] women and 45 [64%]
men) were enrolled and randomly assigned to either the alteplase group (35 [50%)]) or the aspirin group (35 [50%)]). In
total, 65 (93%) patients received the allocated treatment: 34 (97%) in the alteplase group and 31 (89%) in the aspirin
group. Mean time from symptom onset to treatment initiation was 2324 min (SD 43B) . Among 56 patients with
available data on the primary endpoint, 19 (66%) of 29 patients in the alteplase group and 13 (48%) of 27 patients in
the aspirin group showed an improvement in visual acuity of at least 08l LogMAR at 1 month (unadjusted risk
difference 178 [95% CI M 18 to 465]; adjusted odds ratio 1M [95% CI 07 to 18BY]; p=0H5) . One asymptomatic
intracranial haemorrhage related to study treatment was reported in the alteplase group. 14 serious adverse events
unrelated to treatment occurred in 11 patients overall (six [17%] in the aspirin group and five [14%] in the alteplase
group). No symptomatic haemorrhages or major bleeding related to study treatment were reported.

Interpretation Intravenous alteplase administered within 45 h of CRAO onset was not associated with a signifa nt

improvement in visual acuity compared with aspirin, despite a higher rate of improvement in the alteplase group.

However, the study was likely underpowered to detect a statistical difference. Although no safety concerns related to

alteplase were identifid, the overall modest recovery rates underscore the need for individual patientlevel data metall
analyses with forthcoming randomised controlled trials to clarify the potential benefit of thrombolysis or aspirin in

patients with acute CRAO.

Funding French Ministry of Health and Boehringer Ingelheim, France.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BYNC ND
license.

Introduction
Acute non@lrteritic central retinal artery occlusion
(CRAO) causes sudden, severe, and painless vision loss

due to an abrupt interruption of blood flow to the inner
retinal layers. The condition is considered to be an
infarction within the internal carotid artery territory.
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Research in context

Evidence before this study

Acute nonlarteritic central retinal artery occlusion (CRAO) is a
type of ischaemic stroke affecting the carotid artery territory,
causing sudden, painless, and severe loss in visual acuity.

The prognosis for CRAO is generally poor, with most patients
experiencing permanent monocular blindness, and treatment
in the acute phase is currently controversial. We searched
PubMed for articles published in English investigating the
benefi of alteplase in patients with acute CRAO from database
inception to Jan 1, 2025, using the following terms: @entral
retinal artery occlusion,ZOR @etinal stroke, ZAND @hrombolysis, 2l
OR [lteplaselKey criteria for quality assessment included time
to treatment, randomised controlled trials, and sample size.
Two trials assessing the efficacy of intravenous or intraCarterial
alteplase compared with conservative measures or placebo
were prematurely terminated due to difficulties in patient
enrolment. Neither trial found a signifi ant benefi of alteplase,
but reported an increased risk of severe bleeding events.
Notably, these studies involved treatment delays of more than
12 h. Subsequent metalnalyses suggest that intravenous
thrombolysis administered within a 48 h window from
symptom onset could improve visual acuity outcomes, with
functional visual recovery (defi ed as Snellen =20/100)
reported in over a third of patients, compared with conservative
management. In 2021, the American Heart Association, in
collaboration with the North American Neurofphthalmology
Society, published a scientii statement recommending early
screening for patients with acute CRAO and considering
intravenous alteplase as a potential treatment option.

Among older adults, the annual incidence of acute non
arteritic  CRAO ranges from 2 to 10 cases per
100000 people worldwide." Prognosis is poor; over 90%
of patients experience permanent functional loss of
visual acuity and the condition carries a high risk of
subsequent ischaemic events. To date, no established
treatment has shown meaningful improvement in visual
outcomes."

Intravenous thrombolysis has long been established as
alevel 1 evidenceh ased therapy for improving functional
outcomes in patients with acute ischaemic stroke.® Given
that acute nonflrteritic CRAO is a subtype of ischaemic
stroke,” restoring retinal perfusion through arterial
recanalisation is an appealing strategy. Animal studies
suggest the retina has a particularly low tolerance to
ischaemia, with irreversible damage occurring after
240 min in primate models.* A 2007 systematic review of
openl bel studies found that intravenous thrombolysis
or local intraBl rterial thrombolysis improved visual acuity
in roughly a third to half of patients with acute CRAO,
despite long and variable treatment delays (mean 16 h
[range 1 h to 10 days]).’

Two randomised controlled trials were subsequently
conducted: one compared intraBlrterial alteplase with

Added value of this study

The THEIA trial is the fi st published phase 3 randomised
controlled trial directly comparing the efficacy and safety of
intravenous alteplase with oral aspirin in patients with acute
CRAO treated within 48 h of vision loss. This study did not find
asignifi ant benefit of intravenous alteplase over oral aspirin in
improving visual acuity when administered within the first

48 h of symptom onset. However, an increased (albeit non
signifi ant) rate of improvement in visual acuity was observed
among patients in the alteplase group. Our fi dings support the
feasibility of treating patients with CRAO within 48 h of
symptom onset and indicate that intravenous thrombolysis
does not signifi antly increase the risk of intracranial and
extracranial bleeding.

Implications of all the available evidence

Given that the THEIA trial was underpowered to detect a
significant difference in improvement to visual acuity at

1 month between both treatment groups, investigation of
intravenous thrombolysis administration within the first 43 h
of symptom onset in other phase 3 trials is warranted.

Two phase 3 randomised controlled trials, the TenCRAOS study
(NCT04526951) and the REVISION trial (NCT04965038),

are currently underway to establish whether intravenous
thrombolysis administration within the first 4% h of symptom
onset improves the prognosis of visual acuity loss in patients
with acute CRAO. Subsequent individual participantfevel metal
analyses should provide conclusive level 1 evidence for the use
of early intravenous thrombolysis for this patient group.

conservative treatment” and the other compared
intravenous alteplase with placebo.” Both trials were
prematurely terminated due to futility and safety
concerns, with symptomatic intracranial haemorrhage
reported in 50 2% of patients treated with thrombolysis.
Neither trial reached their expected recruitment target
(84 of 200 participants® and 16 of 50 participants"). In
both trials, mean time from symptom onset to treatment
initiation exceeded 12 h, with only one patient in one trial
treated within 48 h. However, a timef ependent benefit
of intravenous thrombolysis was later supported by a
metal@nalysis of these trials and other retrospective
studies, showing that 17 (50%) of 34 patients treated
within 48 h showed an improvement in visual acuity of
up to and including 071 logarithm of the minimum angle
of resolution (LogMAR; Snellen =20/100), compared
with only 70 (18%) of 396 untreated patients.” Further
observational data indicated that early administration of
intravenous alteplase, when respecting standard
contraindications, seemed safe.”? A 2020 individual
participant data metaBlnalysis involving 67 patients
treated within 481 h found a final improvement in visual
acuity of up to and including 07l LogMAR (=20/100) in
25 (37%) of 67 patients, compared with 70 (18%) of
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396 untreated controls, with a low incidence of bleeding
complications.”

As aresult, in 2021, the American Heart Association, in
collaboration with the North American Neurod
Ophthalmology Society, issued a scientific statement
recommending urgent evaluation and suggesting that
early intravenous alteplase might be effective for patients
with acute nonflrteritic CRAO, based on existing
literature and metaflnalyses.> However, to date, no
randomised controlled trial has specifa lly assessed
intravenous thrombolysis within the critical 48 h
window. To address this gap, we aimed to compare the
safety and efficacy of intravenous alteplase with oral
aspirin administered to adults within 48 h of onset of
severe vision loss due to acute nonBlrteritic CRAO.

Methods

Study design

THEIA was a multicentre, doublediu mmy, patient(]
blinded, assessordlinded, randomised, controlled,
phase 3 trial conducted across 16 hospitals with stroke
units in France (appendix p 64). The study protocol* and
amendments were approved by the Oed eB rance I Ethics
Committee (number 1700370.014608) and the French
National Agency of Safety and Medicinal Device (Agence
Nationale de Str ritOdu Midlica ment et des Produits de
Santf] EudraCT 2017002061 22) . An independent data
and safety monitoring board oversaw the trial and
conducted annual safety reviews. This study is registered
at ClinicalTrials.gov (NCT03197194) and is completed.

Participants

Eligible patients were adults (aged =18 years) presenting
with sudden, severe, and persistent monocular vision
loss due to suspected nonflrteritic acute CRAO, who
could receive treatment within 48 h of symptom onset.
Key inclusion criteria were a diagnosis of acute CRAO
confim ed by a trained ophthalmologist based on
fundoscopic examination or nonbhydria tic retinol
photography, showing characteristic signs (eg, diffuse
retinal pallor, a macular cherry red spot, attenuation of
retinal vessels, or visible arteriolar emboli) in association
with an ipsilateral relative afferent pupillary defect, after
exclusion of other causes of acute painless monocular
vision loss; visual acuity of more than 1B LogMAR
(Snellen 20/400); absence of clinical or laboratory
evidence of giant cell arteritis; and no clinical or
radiological signs of stroke in the past 3 months, except
for asymptomatic punctate or small lesions on diffusionO
weighted imaging. Clinical examination and brain
imaging (CT scan or MRI) were required for inclusion.
Before randomisation, eligible patients were assessed by
a stroke physician to confin = all criteria were met and to
authorise study enrolment and treatment. Study
treatment had to be initiated by a trained and experienced
stroke neurologist within 461 h of symptom onset, with a
maximum inaccuracy of 15 min to account for the
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emergency context. Key exclusion criteria included
minor visual acuity deficits or rapid improvement before
treatment initiation; unknown or uncertain time of
symptom onset; isolated branch retinal artery occlusion
without clinically significant vision loss; CRAO with
foveal sparing due to a cilioretinal artery (ie, CRAO
without foveal ischaemia); and current use of
anticoagulant medication.

A full list of inclusion and exclusion criteria is available
in the appendix (p 68). Data on sex were collected from
medical records. All patients provided written informed
consent before enrolment, as approved by the ethics
committee.

Randomisation and masking

Patients were randomly assigned (1:1) to receive either
intravenous alteplase (alteplase group) or oral aspirin
(aspirin group) within 48 h of onset of visual loss.
Randomisation was performed with Ennov software,”
connected to a dedicated website, based on a prell
established randomisation list created at the coordinating
centre before the first participant was included. The list
was generated by a methodologist (AG) who was not
involved in determining patient eligibility or outcome
assessment. Randomisation was stratified by centre for
logistical purposes.

Due to differences in appearance between alteplase
and its placebo (alteplase required reconstitution, but the
placebo did not), the pharmacist, nurses administering
treatments, and treating neurologists were aware of
treatment allocation. These individuals were not
otherwise involved in the trial. Patients; outcome
assessors, including clinicians (eg, neurologists and
ophthalmologists) and paramedics (eg, orthoptists); and
the sponsor were masked to treatment allocation. Other
physicians and nurses in the stroke unit were also
masked to treatment allocation. A doubleldummy
approach was implemented to ensure masking. Patients
in the alteplase group received oral placebo, whereas
those in the aspirin group received a saline infusion as
placebo. Intravenous alteplase and its saline placebo
were administered by use of the same procedure, and
aspirin and placebo tablets were matched in appearance
and number. Study investigators and the statistician
analysing the data remained masked to group assignment
until unmasking at database lock (June 24, 2024). The
success of masking procedures was not formally
assessed.

Procedures

Patients in the alteplase group received intravenous
alteplase at the recommended stroke dose of 0B mg/kg
of bodyweight (maximum dose 900 mg), with 10% of
the dose administered as a bolus and the remainder
infused over 1h. These participants also received one oral
dose of placebo. In the aspirin group, patients were given
a 300 mg oral dose of aspirin and an intravenous saline
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placebo (10 mL of saline in a syringe administered over
1 min, followed by 50 mL as an infusion over 1 h). All
other treatments followed standard care protocols for
acute ischaemic stroke. Anticoagulants, additional
thrombolytic agents, and antiplatelet drugs were not
permitted during the first 24 h after study treatment
(with the exception of the assigned investigational
product), but could be started thereafter at the discretion
of the local team, guided by the results of initial
investigations into the mechanism of CRAO. All patients
received standard stroke unit care, which included
investigations to identify the cause of CRAO and
secondary prevention measures based on European
Stroke Organisation guidelines.”

Scheduled study visits occurred at day 1, day 7 (within
2 days of this date), 1 month (within 7 days of this date),
and 3 months (within 7 days of this date) after
randomisation. At the fgs t visit, patients underwent
laboratory tests, including assessments of haemostasis,
blood chemistry, inflammatory markers, and pregnancy
tests for women of reproductive age. Brain imaging (CT
or MRI) was conducted at baseline (before inclusion) and
at day 1. Neurological evaluations, including National
Institutes of Health Stroke Scale (NIHSS) score, were
performed at each visit. Visual acuity was assessed at
each visit with the Early Treatment Diabetic Retinopathy
Study (ETDRS) chart, positioned 4 m from the patient (or
1m if needed). ETDRS scores were recorded in LogMAR,
where LogMAR 0 corresponds to normal vision (Snellen
20/20), with higher values indicating worse vision. For

| 70 randomly assigned |

v

|
v

| 35 to the aspirin group

| | 35 to the alteplase group |

—P| 4 did not receive full intervention |

—>| 1did not receive full intervention

| 31 received allocated treatment

| | 34 received allocated treatment |

_’

1 excluded (no baseline data on
visual acuity)

A 4

A

30 included in full analysis set

| | 34 included in full analysis set

3 excluded
2 missed 1fmonth followlp
1 withdrew consent

5 excluded
2 missed 1Emonth followEup
1discontinued intervention
2 declined followup

A\ 4

A 4

outcome

27 with available data on the primary

29 with available data on the primary
outcome

Figure 1: Trial profile
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patients unable to read any letters on the ETDRS chart
(ie, offtha rt patients), with visual acuity worse than
11 LogMAR (Snellen 20/1000), semifu antitative
measures were used. These measures, assessed at a
distance of 30 cm, included counting fingers, hand
motion, light perception, and no light perception. Each
measure was assigned a LogMAR value based on the
Freiburg Visual Acuity Test: counting fingers
LogMAR+20, hand motion LogMAR+2B light
perception LogMAR+2B, and no light perception
LogMAR+28. 7 The corresponding visual acuity
equivalences from LogMAR to Snellen values and semill
quantitative measures for patients unable to read any
letters on the ETDRS chart are presented in appendix
(p70).

On day 1, patients underwent an ophthalmological
examination, including visual function testing. A more
comprehensive  ophthalmological ~ evaluation — was
performed at day 7 (or discharge), 1 month, and 3 months.
This evaluation included visual function testing,
ophthalmoscopy or nonlnydriatic retinophotography,
visual field assessments, and slitlamp iris examination to
monitor for neovascular complications starting at 1 month.
Neurological examinations were conducted at day 1
(including NTHSS score), day 7, and 3 months. Followllip
brain imaging was performed on day 1 (200036 h) to detect
any intracranial haemorrhage. The neurological
assessment at 3 months focused on classifying the
ischaemic event by use of Trial of Org 10172 in Acute
Stroke Treatment (TOAST) classification,® assessing
global disability by use of the modified Rankin Scale
(mRS), and evaluating visiontelated quality of life with the
National Eye Institute Visual Function Questionnaire[25
(NEILVFQL25; version 2000).” The mRS score ranges from
0 (no disability) to 6 (death).” The NEILVFQL25 assesses
quality@filife related to visual function, with higher scores
indicating better functioning, and each item is converted
to a 00100 scale.

Outcomes

The primary outcome was improvement in visual acuity
from baseline to 1 month, defined as a gain of at least
three Snellen lines (15 letters) on the ETDRS chart,
equivalent to an improvement of at least 081 LogMAR.
For patients with visual acuity corresponding to counting
fingers, hand motion, light perception, or no light
perception, a change between categories was considered
to be an improvement of at least 08 LogMAR in visual
acuity. The primary outcome was locally assessed.

We assessed several secondary efficacy outcomes. First,
we evaluated the proportion of patients who exceeded the
threshold for monocular blindness at 1 month, defined as
visual acuity of up to and including 108 LogMAR (Snellen
20/400) according to WHOIS revised visual impairment
categories.” Second, we assessed the proportion of
patients with functional visual recovery allowing reading
at 1 month, defined as visual acuity of up to and including
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0B LogMAR (Snellen 20/63). Third, we evaluated the
effect of treatments on visual &ld at 3 months,
particularly focusing on mean visual &8ld defit, with
more negative values indicating a greater defit, and the
foveal threshold, where higher values indicate better
vision. Fourth, we considered the change in visual acuity
from baseline to any followld p visit, from day 1 to
3 months. Finally, we assessed the effect of time to
treatment on visual acuity progression, along with the
effect of treatment on global disability and visionElelated
quality of life at 3 months, measured with the mRS and
the NEINFQ 5.

Postlhoc analyses focused on the proportion of patients
able to read the ETDRS chart with visual acuity of up to
1 LogMAR (ie, onthart patients), as well as
improvements in visual acuity from baseline to 1 month
(ie, difference in visual acuity) in each group. Additionally,
we analysed the association between improvement in
visual acuity at 1 month and time to treatment
administration in each group.

All serious adverse events, particularly any intracranial
haemorrhage or extracranial bleeding related to study
treatment, were reported to the data safety and
monitoring board. Symptomatic intracranial
haemorrhage was defied according to criteria used in
the ECASS II study.”

Statistical analysis

Based on previous studies, we hypothesised that an
improvement of 0Bl LogMAR (a gain of three lines on
the ETDRS chart or one category for patients unable to
read any letters) would occur in 10% of patients in the
aspirin group and 40% in the alteplase group.”*" With a
target power of 80%, an alpha level of 5%, and an
estimated dropout rate of 10%, a total of 70 patients was
required. The signifa nce level for all statistical tests was
set at 5%.

For continuous variables, summary statistics included
number (n) and mean (SD) values. For categorical
variables, frequency and percentage (n [%)]) were
reported. The primary outcome was analysed with a
generalised linear mixed model with a logit link function
for repeated measures. The model accounted for the
fied effects of treatment, visit (baseline, day 1, day 7,
1 month, and 3 months), and the interaction between
treatment group and visit. Random effects included a
participantBlpecifi intercept and slope to account for
variation in treatment response between individuals.
Estimation was performed with maximum likelihood by
use of the Laplace approximation. Model diagnostics,
including singularity and fia 1 gradient checks,
confim ed model stability. Given that the main analysis
was based on a longitudinal model, no data imputation
was performed.?* Treatment effects at the 1ih onth
followll p visit were reported as adjusted odds ratios
(ORs) and 95% ClIs for categorical outcomes, derived
from the generalised linear mixed model.
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Regarding secondary outcomes, the rate of participants
with no monocular blindness at 1 month and change in
visual acuity over time were analysed with the same
generalised linear mixed model for repeated measures as
the primary endpoint. Due to small sample sizes and
convergence issues, some tests were adapted. The rates of
functional visual recovery at 1 month (<0C5 LogMAR)
were compared with Fisher3 exact test; global disability
(mRS) was analysed with the Chi squared test. The effect
of time to treatment administration on visual acuity
progression, categorised as ODOB3C0 h, 300CMI5 h, or
450500 h, was tested with the CochranfMantel(dHaenszel

Total Aspirin group Alteplase group
(n=70) (n=35) (n=35)
Age, years 702 (94) 718 (90) 688 (98)
Sex
Female 25 (36%) 8(23%) 17 (49%)
Male 45 (64%) 27 (77%) 18 (51%)
Cardiovascular risk factors and comorbidities
Arterial hypertension 51 (73%) 28 (80%) 23 (66%)
Hypercholesterolaemia 32 (46%) 23 (66%) 9 (26%)
Diabetes 14 (20%) 10 (29%) 4(11%)
Current smoker 20 (29%) 10 (29%) 10 (29%)
Data missing 1(1%) 0 1(3%)
BMI >30 kg/m? 18 (26%) 8 (23%) 10 (29%)
Sleep apnoea 4 (6%) 1(3%) 3(9%)
Coronary artery disease 16 (23%) 7 (20%) 9 (26%)
Atrial B rillation 3 (4%) 1(3%) 2 (6%)
Stroke or transient ischaemic attack 9 (13%) 6 (17%) 3(9%)
Current use of antiplatelet therapy at study 18 (26%) 11 (31%) 7 (20%)
entry
Ophthalmological data
Visual acuity at presentation, LogMAR* 28 (0B) 2B (0B) 28 (08)
Data missing 1(1%) 1(3%) 0
Offthart visual acuity at presentation( 65 (94%) 31(91%) 34 (97%)
Funduscopic datald
Normal fundoscopy 1(1%) 1(3%) 0
Retinal whitening 51(76%) 27 (82%) 24 (71%)
Cherry red spot 47 (70%) 23 (70%) 24 (71%)
Attenuated arteries 45 (67%) 20 (61%) 25 (74%)
Slow segmental blood flow 16 (24%) 9 (27%) 7 (21%)
Arteriolar embolism 16 (24%) 10 (29%) 6 (18%)
Data missing 3(3%) 2(3%) 1(3%)
Biological data
Glucose, mmol/L 68 (20) 68 (18) 67 (28)
Data missing 6 (9%) 1(3%) 5 (14%)
HbA1c, % 60 (08 ) 60 (07) 58 (10)
Data missing 10 (14%) 6 (17%) 4 (11%)
LDL, g/dL 10 (08) 13(08 ) 10 (08 )
Data missing 9 (13%) 4 (11%) 5(14%)
Platelet count, G/L 2470 (620) 2398(5 41) 2547 (691)
Ctreactive protein <5 mg/L 52(778) 26(788) 26 (768)
Data missing 3 (4%) 2 (6%) 1(3%)
(Table 1 continues on next page)
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Total Aspirin group Alteplase group
(n=70) (n=35) (n=35)
(Continued from previous page)
Haemodynamic constants at admission
Systolic blood pressure, mm Hg 1548 (228) 1568 (18M) 1528 (2 58)
Diastolic blood pressure, mm Hg 798 (152) 80d (157) 788 (149)
18 (26%) 9 (26%) 9 (26%)

Treatment window
Onsetftoftreatment time, min 2328 (438) 2317 (4 38) 2330 (440)

Onsetftoltreatment time category, h

Data are n (%) or mean (SD). LogMAR=logarithm of the minimum angle of resolution. *LogMAR visual acuity values
ranged from 00 to 28, with higher scores indicating poorer vision. Offfthart visual acuity ranged from 2@ to 28
LogMAR (appendix p 70). EOffihart refers to patients who were unable to read any letters on the Early Treatment
Diabetic Retinopathy Study chart. EDiagnosis was confi med at subsequent ophthalmological visits based on the
appearance of retinal oedema.

8 (12%) 4 (13%) 4 (11%)
53 (79%) 24 (75%) 29 (83%)
6(9%) 4(13%) 2 (6%)

3 (4%) 3(9%) 0

Table 1: Baseline participant characteristics
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test. The effect of treatment on visual field at 3 months
and quality of life related to vision (NEIIVFQL25) were
compared with the MannOWhitney Wilcoxon test.

Adverse events were analysed with descriptive statistics,
with the frequency of participants experiencing at least
one adverse event and the number of events categorised
by severity and relationship to treatment. Given that
randomisation was stratified by centre due to a small
study population, centre effects were not adjusted in the
analysis.”

The primary analysis population was the full analysis
set, defied as all patients who received full intervention
(bolus, infusion, and tablet) and had undergone a visual
acuity assessment at baseline. The generalised linear
mixed model for repeated measures used to analyse the
primary endpoint incorporated all measurement
occasions per individual, including participants with
missing data. A perfar otocol population analysis was also
performed alongside an intentionEoHreat analysis, which
involved multiple imputation for missing data in the
postho ¢ analyses. The perfir otocol population was
defined during data review before unmasking and
included all patients in the full analysis set who had no
major protocol deviations (eg, treatment delays exceeding
4 h 35 min or unmet inclusion criteria), did not withdraw
consent, and had available primary outcome
measurements at the 1tho nth followl p visit. The same
statistical model as the main analysis was applied. The
intentionfloblreat population included all randomly
assigned patients. Missing data were handled with
multiple imputation, including variables such as
treatment group, baseline visual acuity, baseline
participant characteristics signifi antly associated with
the primary endpoint, the presence of missing data on
the primary endpoint, and treatment group. The number

of imputations corresponded to the percentage of
missing data. Analyses were conducted with a generalised
linear model to assess the association between the
primary outcome and treatment group. All patients who
were randomly assigned were included in the safety
analysis.

For additional postlhoc analyses, the change in visual
acuity from baseline to 1 month (difference in visual
acuity) in each group was assessed with a paired Student(3
t test. The proportion of patients able to read the ETDRS
chart (with visual acuity <1V LogMAR) was assessed with
a Chi squared test. Simple linear regressions were used to
assess the association between improvement in visual
acuity at 1 month and time to treatment initiation in each
group. All statistical analyses were performed with R
(version 4.4.1; lme4 package), with superiority testing
performed at a twol3ided alpha level of 0CD5.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The funder was given the opportunity to
review the manuscript for medical and scientific accuracy
given that it relates to Boehringer Ingelheim substances,
as well as intellectual property considerations.

Results

Between June 8, 2018, and Oct 2, 2023, 70 patients were
enrolled across 16 centres, of whom 35 (50%) were
randomly assigned to the alteplase group and 35 (50%) to
the aspirin group. In total, 65 (93%) patients received the
allocated treatment: 34 (97%) in the alteplase group and
31(89%) in the aspirin group. The number of participants
enrolled at each centre is provided in the appendix (p 64).
Six (9%) patients were excluded from the full analysis set:
one (1%) in the alteplase group did not receive the
placebo; three (4%) in the aspirin group received alteplase
instead of aspirin; one (1%) in the aspirin group
discontinued the full intervention after being diagnosed
with giant cell arteritis and initiating highfdose
corticosteroids; and one (1%) in the aspirin group had
missing baseline data on visual acuity. Consequently, 64
(91%) patients were included in the full analysis set (34 in
the alteplase group and 30 in the aspirin group) and all
70 participants were included in the safety analysis
(figure 1). Primary outcome data were unavailable for
eight (12%) patients: four (6%) missed the 1Gnonth
followid p visit (but had an available primary outcome
data at the 3ibho nth assessment), one discontinued
treatment early due to a serious adverse event,
one withdrew consent, and two declined further followO
up. Thus, the primary endpoint was available for 56
(88%) patients.

Mean age of participants at baseline was 70 years (SD 9;
table 1). 25 (36%) participants were women and 45 (64%)
were men. There were more female participants in the
alteplase group than in the aspirin group. Cardiovascular
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Aspirin group (n=30)

Number of Mean (SD) or median
participants with  (IQR)
available data

Primary outcome

Visual acuity improvement 13/27 (48%)
>08L ogMAR at 1 month
Secondary outcomes
Visual acuity <18 L ogMAR at 7127 (26%)
1month
Visual acuity <OB LogMAR at 2/27 (7%)
1 month
Change in visual acuity over time
1day 26 D26 (08 9)

7 days 26 (om)
1month 27 g 4 (010)
3 months 26 3 0 (076 )
Effect of CRAO on visual &l dat
3 months
Def it, dB 14 @58 (30 to EL28)
Foveal threshold, dB 12 0 (0@ to 72)

Patients reaching the primary
endpoint according to timelto

treatment
Total 25
<30h 1/3 (33%)
>308 hand <48 h 9/19 (47%)
>48 h 3/3 (100%)
Modi@ d Rankin Scale score ORL  16/28 (57%)
at 3 months
Mean NEI/FQRRS5 score 24 800 (6 68 to B3M)
Postthoc outcomes
Visual acuity <OIL ogMAR at 4/27 (15%)
1 month

Data are n/N (%), mean (SD), or median (IQR), unless otherwise indicated. NA=not available. OR=odds ratio. NEI&/FQE25=National Eye Institute Visual Function
Questionnaire®5. *Analysed with a generalised linear mixed model for repeated measures accounting for treatment, visit (baseline, day 1, day 7, 1 month, and 3 months),
and interactions between treatment group and visitas fi ed effects. BFisher exact test. BMann@Whitney Wilcoxon test. ECochranEMantelfHaenszel test. EIChi squared test.

Alteplase group (n=34) Adjusted OR or mean p value
difference (95% Cl)
Number of Mean (SD) or median
participants with  (IQR)
available data
19/29 (66%) 100 (087 to1839) 0B 5*
7129 (24%) OF6 (0@1 to11383) 081*
4/29 (14%) NA 08 70
29 04 0 (0B 0) 1 (reference)
31 ®B8 (077) D@7 (B4 to0B0) 08 2*
29 0B 2 (08 5) E0@ 9 (087 toOB8) 0B 1*
28 DA 7 (08 5) @9 (0@ 6to 089 )  OM9*
15 0B (486 to 128 ) 085
16 68 (0@ to208) 0m70
29
3/3 (100%) 085
14/24 (58%)
2/2 (100%)
17/24 (71%) 04 60
23 728 (610 to (814 ) 02
4/29 (14%) 1008

Table 2: Primary, secondary, and postthoc outcome measures

risk factors and comorbidities were common across
both groups, but an imbalance in the prevalence of
hypercholesterolaemia was noted, which was more
frequent in the aspirin group than in the alteplase group
(table 1). Mean visual acuity at baseline was 28 LogMAR
(SD 0B) in the alteplase group and 28 LogMAR
(SD0B) in the aspirin group, with 65 (94%) of 69 patients
with baseline data on visual acuity classifid as offcha rt
patients (visual acuity >1Z1 LogMAR). A central retinal
artery embolus was present at admission in 16 (24%)
patients. One (1%) patient with branch retinal artery
occlusion, associated with visual acuity of more than 13
LogMAR (Snellen 20/400), was also included in the full
analysis set.

Mean time from symptom onset to treatment initiation
(ie, onsetfd Frea tment time) was 232[4 min (SD 430) .
Of the 70 patients, eight (11%) were treated within 30 h;

www.thelancet.com/neurology Vol 24 November 2025

53 (76%) between 30 h and 48 h; and six (9%) between
405 h and 50 h (figure 1; appendix p 65). Onsetod
treatment time was missing from three (4%) patients in
the aspirin group (time of bolus injection not documented
in two and no bolus administration in one). According to
TOAST classification, cause of CRAO remained
undetermined in 34 (49%) patients overall, while large
vessel atherosclerosis was identified in 23 (33%; appendix
p 71). Patients with missing data on cause of CRAO
(six [17%] in the alteplase group and two [6%)] in the
aspirin group) were categorised as undetermined.

In the full analysis set, 19 (66%) of 29 patients in the
alteplase group and 13 (48%) of 27 patients in the aspirin
group showed an improvement in visual acuity of at least
03 LogMAR at 1 month (unadjusted risk difference 170#
[95% CI Ol to 4605]; adjusted OR 10010 [95% CI
0007 to 18[B9]; p=0CD5; table 2). Perprotocol and
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Figure 2: Change in visual acuity over time

Visual acuity is shown on a LogMAR scale, ranging from 1@ (Snellen equivalent
20/200) to 2@ (no light perception). Mean values are shown for each visit,
with error bars representing SD. LogMAR=logarithm of the minimum angle

of resolution.

Aspirin group Alteplase group
(n=35) (n=35)
Related to study treatment
Any intracranial haemorrhage 0 1(3%)*
Symptomatic intracranial 0 0
haemorrhage
Fatal intracranial haemorrhage 0 0
Retinal haemorrhage 0 0
Major extracranial bleeding 0 0
Hypersensitivity reaction 0 0
After acute phase
Serious adverse event 6 (17%)8 5(14%)8
Retinal neovascularisation 1(3%)8 2 (6%)8
Death 0 0

Data are n (%). One bleeding complication was related to study treatment and
14 serious adverse events occurred in 11 patients. *Asymptomatic intracranial
haemorrhage detected on CT scan on day 1. ECarotid endarterectomy in

five patients and pyelonephritis in one patient. ECarotid endarterectomy in

one patient, neoplasia in two patients, manic episode in one patient with bipolar
disorder, and melena related to colon polyps at 30 days requiring one red blood
cell transfusion in one patient. ERubeosis iridis detected at 1 month in

two patients and vitreous haemorrhage at 3 months in one patient.

Table 3: Serious adverse events related to study treatment and occurring
after the acute phase of central retinal artery occlusion

intentionfolireat analyses showed similar nonBignificant
results (appendix pp 7273). At 1 month, seven (24%)
patients in the alteplase group and seven (26%) in the
aspirin group had a visual acuity of less than or equal to
108 LogMAR (Snellen =20/400; adjusted OR 0LV6 [95% CI
0001 to 113[B3]; p=0[D1). An improvement in visual acuity
of less than or equal to 0C5 LogMAR (Snellen =20/63) was
observed in four (14%) patients in the alteplase group and
two (7%) patients in the aspirin group (p=067) at 1 month.
Both groups showed an initial improvement in visual

acuity of approximately three Snellen lines at day 1,
plateauing between 1 and 3 months (figure 2). Final
improvement at 3 months was 6V lines (mean visual
acuity 0067 [SD 00D5]) in the alteplase group and 400 lines
(0034 [0CV6]) in the aspirin group (adjusted OR COOL9
[95% CI D0DM6 to 0009]; p=0CILY; table 2). No significant
association was found between onsetdolreatment time
and visual acuity recovery in the alteplase group.

In the postthoc analysis, a significant association
between onsetfloreatment time and improvement in
visual acuity at 1 month was observed in the aspirin
group (p=001 4; appendix p 66). Mean improvement in
visual acuity was significant in both treatment groups:
DE2  LogMAR (95% CI OZOORM;  p<OMO1 ) in the
alteplase group and DE# LogMAR (0D 6D 1;
p=00032) in the aspirin group (appendix p 74). At
1 month, 14 (48%) patients in the alteplase group and
seven (26%) in the aspirin group were able to read the
ETDRS chart, with visual acuity up to 17 LogMAR;
however, this difference was not significant (p=00 5;
appendix p 67).

Among the 54 patients who completed the followldip
visit at 3 months, 29 (54%) had sufficient visual acuity to
undergo visual field testing. Mean deficit and foveal
threshold values were slightly better in the alteplase
group but did not differ significantly from the aspirin
group: median deficit was 2000 dB in the alteplase group
versus 258 dB in the aspirin group (p=085) and median
foveal threshold was 601 versus 00 (p=00 7; table 2). No
significant difference was observed in global disability
outcomes: a mRS score of 0 at 3 months was observed
in 17 (71%) patients in the alteplase group and 16 (57%)
patients in the aspirin group (p=0#b; table 2). Vision[
related quality of life at 3 months, measured by the
NEIIVFQL25, also showed no significant difference
between groups (median global score 728)/1 00 in the
alteplase group and 800J1 00 in the aspirin group;
p=0B2) .

No symptomatic haemorrhages or major bleeding
related to study treatment were reported. An
asymptomatic 15 mm right parietal haematoma was
detected in one patient in the alteplase group on CT scan
on day 1, with no lesion on initial MRI (table 3). Another
patient with a history of bipolar disorder experienced a
manic episode after administration of alteplase. The
most common serious adverse event was extended
hospitalisation for carotid endarterectomy in six patients.
One patient required red blood cell transfusion due to
gastrointestinal bleeding, likely linked to aspirin use for
secondary cardiovascular prevention. Neovascular
complications occurred in three (4%) of 70 patients,
including one case of intravitreal haemorrhage at
3ho nth followlhip.

Discussion

The THEIA trial provides valuable insights into the
management of patients with acute nonflrteritic CRAO,
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comparing the safety and efficacy of intravenous alteplase
with oral aspirin. When administered within 405 h of
symptom onset, intravenous alteplase did not result in a
signifi ant improvement in visual acuity compared
with aspirin. Although both groups showed mean
improvements in visual acuity, visual acuity remained
above 1B LogMAR (Snellen 20/400) in most patients,
indicating persistent monocular blindness. From a
functional perspective, beyond the standard criterion of a
threelin e gain in visual acuity, only four (14%) patients
in the alteplase group and two (7%) in the aspirin group
had an improvement in visual acuity of up to and
including 005 LogMAR (Snellen 20/63), representing a
meaningful recovery from severe vision impairment or
blindness to a level of functional vision.

Previous metaBlnalyses of individual participantlév el
data have reported visual improvements of at least
0B LogMAR in 56l04% of patients treated with
intravenous thrombolysis within 405 h,** compared
with 36% among untreated patients.” Additionally, a
fia limprovement in visual acuity of up to and including
0V LogMAR (Snellen =20/100) was observed in 37% of
treated patients, whereas the spontaneous recovery rate
among those who had not received treatment was 18%."

The outcome measure of an improvement in visual
acuity of at least 003 LogMAR might be less sensitive
than more clinically relevant criteria, such as a fia 1
improvement in visual acuity of up to and including
0V LogMAR (Snellen =20/100), which better reflects
functional visual recovery. This measure was selected for
the THEIA trial because it had been used in previous
randomised controlled trials®" and has since been used
in cohort studies.”” The proportion of patients with a
fia limprovement in visual acuity of atleast 0LV LogMAR
(Snellen =20/100) in the THEIA trial, along with the
two other published randomised controlled trials,™"
contrasts with data from cohort studies and patientlév el
metablnalyses, which report a functional recovery
ranging from 25% to 50%.>"*** This discrepancy might
be attributed to biases inherent in nonkth ndomised
studies, such as publication, selection, and heterogeneity
biases. By contrast, the current study provides robust,
prospective, and randomised data, minimising such
biases and offering a more accurate depiction of
treatment outcomes for patients with CRAO.

The administration of intravenous alteplase within
405 h of CRAO onset seems to be safe. Unlike previous
randomised  controlled trials, no symptomatic
intracranial haemorrhages were reported, and only
one asymptomatic intracranial haemorrhage was
identiéd incidentally on CT scan 24 h after onset. This
prevalence of bleeding is much lower than that typically
observed in patients with ischaemic stroke.® This
observation likely reflects the absence or presence of only
small or punctiformBlssociated ischaemic brain lesions.
One patient with bipolar disorder experienced a manic
episode shortly after receiving intravenous thrombolysis,

www.thelancet.com/neurology Vol 24 November 2025

although this is not a typical sideleffect of alteplase.
Other serious adverse events were primarily related to
atherosclerotic stenosis, requiring endarterectomy, or
delayed gastrointestinal bleeding associated with aspirin.
Additionally, 4% of patients developed neovascularisation
between the 1@nonth and 3bho nth followlip visits, with
one case of associated intraocular haemorrhage. This
prevalence is slightly lower than the 6 6% typically
observed in patients with CRAO;®* however, an
increased prevalence of neovascularisation beyond
3 months of followilp cannot be excluded. This
difference could potentially be explained by an increased
rate of central retinal artery recanalisation due to
antithrombotic therapy, although this hypothesis
requires further investigation.

Our study has notable limitations. The study is likely to
be underpowered to detect a significant difference between
both groups in improvement in visual acuity of at least
03 LogMAR at 1month followlip. Sample size
calculations were based on a 10% improvement hypothesis
in the aspirin group, derived from available data at the
time, including openfabel studies, one randomised
controlled trial on intravenous thrombolysis, and the first
patientllevel metal@nalysis.**" The unexpectedly high
improvement among 48% patients in the aspirin group
raises questions about the benefit of administering oral
aspirin within 405 h of vision loss in patients with acute
CRAO. Aspirin was chosen over placebo to avoid delaying
antiplatelet therapy, given that at least a third of patients
with acute CRAO show signs of concomitant acute cerebral
ischaemia on diffusionWeighted imaging MRI.” However,
no data exist on the efficacy of administering aspirin
within a 405 h window in patients with either acute CRAO
or acute ischaemic stroke. Furthermore, the impact of
intensive stroke unit care on visual outcomes should not
be underestimated. The structured and timely care in
these settings might independently contribute to improved
outcomes, warranting further exploration. There was an
imbalance between treatment groups regarding participant
sex and prevalence of hypercholesterolaemia at baseline;
however, no evidence exists on the effects of these factors
on the efficacy of alteplase and are, therefore, unlikely to
have influenced the triall3 results or conclusions. The
study(3 doubleldummy design, involving both oral aspirin
or placebo and intravenous alteplase or saline, prevented
the masking of treating neurologists and nurses,
introducing potential behavioural bias, as evidenced by
three patients in the aspirin group receiving alteplase.
Additionally, the study faced challenges due to a smaller
than expected sample size, with a dropout rate of 20%,
which was higher than the anticipated 10%. Recruitment
was hindered by the COVIDO9 pandemic, the low
incidence of CRAO, and the narrow therapeutic window.
These challenges underscore the need for innovative
strategies and partnerships to overcome such barriers,
including the implementation of early recognition, triage,
and management of CRAO through outreach campaigns;
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the development of telemedicine and teleléxpertise
integrating fundus photography; the use of imaging
techniques of retinal viability (eg, optical coherence
tomography) to extend this therapeutic window in selected
patients; the use of tenecteplase instead of alteplase; and
the fostering of close collaboration among stroke teams,
ophthalmologists (in both private and public settings),
and emergency departments.

The low proportion of patients with functional recovery
in both treatment groups raises questions about retinal
ischaemic tolerance, with irreversible damage potentially
occurring much earlier than previously thought.?
Although no clear relationship between onsetdodreatment
time and improvement in visual acuity was observed, only
a few patients were treated within a 300 h window. The
time threshold for permanent retinal ischaemia might
have been overestimated;' complete CRAO could lead to
rapid and irreversible retinal ganglion cell death within as
little as 15 min.” These considerations highlight the need
for further research to define the precise time limits for
effective intervention in this patient group.

Although our findings differ from those of previous
nonftandomised studies and metaldnalyses, they suggest
that intravenous alteplase could improve visual outcomes
compared with aspirin among patients with acute CRAO,
with fewer patients in the alteplase group experiencing
persistent severe visual impairment and no major safety
concerns related to alteplase. Given the likely limited
statistical power of our study, ongoing trials such as the
TenCRAOS study (NCT04526951) and the largel3cale
REVISION trial (NCT04965038) are expected to provide
more definitive evidence. A planned individual participant
data metal@nalysis might also help to define the role of
thrombolysis ~ with intravenous alteplase in the
management of patients with acute CRAO.

In conclusion, intravenous alteplase administered
within 405 h of symptom onset was not associated with a
signifa nt improvement in visual acuity compared with
aspirin in patients with acute CRAO, despite a higher
rate of improvement observed among those in the
alteplase group. However, the nonElignificant difference
might be due to the study being underpowered. Although
no safety concerns related to alteplase were identified,
the overall modest recovery rates underscore the need for
potentially even earlier treatment and improvement in
patient selection strategies.

Contributors

Data collection was carried out by the participating sites, with trial
coordination led by the University Hospital of Nantes. CP, MO, CV, IM,
JP, DS, MG, GR, GG, CU, GM, EM, SA, MB, SM, LM, TR, LC, SGD ,
PL, and BG were involved in investigation, data collection, validation,
and manuscript review. CP, LB, PL, and BG conceptualised the study,
validated and interpreted data, wrote the original draft, and revised the
manuscript. CP drafted the original manuscript. AG was responsible for
data curation, formal analysis, data interpretation, and drafting and
revising the manuscript. CP, AG, LB, PL, and BG participated in data
review meetings, accessed and verified the underlying data, and took

responsibility for the decision to submit the manuscript. Other authors
could access parts of the underlying data upon a well founded request.

LB contributed to funding acquisition. BG supervised the study as
coordinator. All authors had final responsibility for the decision to submit
for publication.

Declaration of interests

LC reports receipt of grants from the French Ministry of Health and
honoraria from BristolMyers Squibb and Pfizer. EM reports receipt of
honoraria from Lundbeck, Medtronic, Teva, Pfizer, and Novartis.

All other authors declare no competing interests.

Data sharing

The aggregated data analysed during the trial are available for scientific
review upon reasonable request to the corresponding author. Personal
participant data, which are under the responsibility of the sponsor, will be
accessible for scientific review only under conditions defined by the EU
General Data Protection Regulation (GDPR). A data transfer agreement
will be signed with the sponsor, specifying the scope of data transfer (as
required by GDPR) and including an obligation to use the data solely for
scientific review purposes and to prohibit disclosure to third parties.

Acknowledgments

This study was funded by the French Ministry of Health (Programme
Hospitalier de Recherche Clinique 2016) and Boehringer Ingelheim,
France. We thank Louise GuillonldDemanou,

Sophie DominguesMontanari, and the late Delphine BreteschOfor their
valuable contributions to the study and its final publication. This trial was
an independent, investigatorfnitiated study supported by Boehringer
Ingelheim. The decision to publish the findings was made collaboratively
by the academic investigators and Nantes University Hospital (sponsor).
Confidentiality agreements were established between the sponsor and
the funders to protect the integrity of the data.

References

1 Scott IU, Campochiaro PA, Newman NJ, Biousse V. Retinal vascular
occlusions. Lancet 2020; 396: 192740.

2 Mac Grory B, Schrag M, Biousse V, et al, and the American Heart
Association Stroke Council; Council on Arteriosclerosis, Thrombosis
and Vascular Biology; Council on Hypertension; and Council on
Peripheral Vascular Disease. Management of central retinal artery
occlusion: a scientific statement from the American Heart
Association. Stroke 2021; 52: e282[194.

3 Roskal(Watek J, Watek P, Biskup M, et al. Central and branch retinal
artery occlusionCido they harbor the same risk of further ischemic
events? | Clin Med 2021; 10: 3093.

4 Shah R, Zheng X, Patel AP, Bhatti MT, Gilbert A, Vora RA.

Central retinal artery occlusion: visual outcomes from a large
northern California cohort. Ophthalmol Retina 2024; 8: 566[7/0.

5  Schrag M, Youn T, Schindler ], Kirshner H, Greer D. Intravenous
fibrinolytic therapy in central retinal artery occlusion: a patientlevel
metal@nalysis. JAMA Neurol 2015; 72: 1148(154.

6 Berge E, Whiteley W, Audebert H, et al. European Stroke
Organisation (ESO) guidelines on intravenous thrombolysis for
acute ischaemic stroke. Eur Stroke J 2021; 6: IOLXII.

7 Sacco RL, Kasner SE, Broderick JP, et al, and the American Heart
Association Stroke Council, Council on Cardiovascular Surgery and
Anesthesia, and the Council on Cardiovascular Radiology and
Intervention, and the Council on Cardiovascular and Stroke
Nursing, and the Council on Epidemiology and Prevention, and the
Council on Peripheral Vascular Disease, and the Council on
Nutrition, Physical Activity and Metabolism. An updated definition
of stroke for the 21st century: a statement for healthcare
professionals from the American Heart Association/American
Stroke Association. Stroke 2013; 44: 2064089.

8  Hayreh SS, Zimmerman MB, Kimura A, Sanon A. Central retinal
artery occlusion. Retinal survival time. Exp Eye Res 2004; 78: 723136.

9  Biousse V, Calvetti O, Bruce BB, Newman NJ. Thrombolysis for
central retinal artery occlusion. | Neuroophthalmol 2007; 27: 215030.

10 Schumacher M, Schmidt D, Jurklies B, et al, and the EAGLE[Study
Group. Central retinal artery occlusion: local intra@rterial
fibrinolysis versus conservative treatment, a multicenter randomized
trial. Ophthalmology 2010; 117: 136775.

11 Chen CS, Lee AW, Campbell B, et al. Efficacy of intravenous tissuel
type plasminogen activator in central retinal artery occlusion:
report from a randomized, controlled trial. Stroke 2011;
42:2229034.

www.thelancet.com/neurology Vol 24 November 2025



Articles

12

13

14

15

16

17

18

19

20

21

Prlxerre C, Godeneche G, Vandamme X, et al. Management of
acute central retinal artery occlusion: Intravenous thrombolysis is
feasible and safe. Int J Stroke 2017; 12: 7200123.

Mac Grory B, Nackenoff A, Poli S, et al. Intravenous fibrinolysis
for central retinal artery occlusion: a cohort study and updated
patient(level meta@nalysis. Stroke 2020; 51: 2018[125.

Prgrre C , Gaultier A, Obadia M, et al. Protocol THEIA: a phase 111
randomized, blind, double dummy, multicenter study assessing the
efficacy and safety of IV thrombolysis (alteplase) in patients with
acute central retinal artery occlusion. https://register.clinicaltrials.
gov/prs/beta/studies/S00077VO00000119 /recordSummary
(accessed Jan 24, 2024).

Ennov Software for Life. Clinical data management:

a comprehensive solution to capture and manage clinical trial
information. https://en.ennov.com/solutions/clinical/clinicalda tad
management/ (accessed Sept 16, 2025).

European Stroke Organisation (ESO) Executive Committee, and the
ESO Writing Committee. Guidelines for management of ischaemic
stroke and transient ischaemic attack 2008. Cerebrovasc Dis 2008;
25: 457807 .

Lange C, Feltgen N, Junker B, SchulzeB onsel K, Bach M. Resolving
the clinical acuity categories Ha nd motion nd [kounting fingersd
using the Freiburg Visual Acuity Test (FrACT).

Graefes Arch Clin Exp Ophthalmol 2009; 247: 13782.

Adams HP Jr, Bendixen BH, Kappelle L], et al. Classification of
subtype of acute ischemic stroke. Defiitio ns for usein a
multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke
Treatment. Stroke 1993; 24: 358 .

Mangione CM, Lee PP, Gutierrez PR, Spritzer K, Berry S, Hays RD,
and the National Eye Institute Visual Function Questionnaire Field
Test Investigators. Development of the 25e m National Eye
Institute Visual Function Questionnaire. Arch Ophthalmol 2001;
119: 105068.

van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J.
Interobserver agreement for the assessment of handicap in stroke
patients. Stroke 1988; 19: 60407 .

WHO. ICDMD1 for mortality and morbidity statistics: 9D90 Vision
impairment including blindness. Feb 14, 2025. https://icd.who.int/
browse/202501 /mms/en#1103667651 (accessed Sept 16, 2025).

www.thelancet.com/neurology Vol 24 November 2025

22

23

24

25

26

27

28

29

30

31

32

Hacke W, Kaste M, Fieschi C, et al, and the Second Europeand
Australasian Acute Stroke Study Investigators. Randomised
doublelblind placeboltontrolled trial of thrombolytic therapy with
intravenous alteplase in acute ischaemic stroke (ECASS II). Lancet
1998; 352: 124561 .

Mallinckrodt CH, Lane PW, Schnell D, Peng Y, Mancuso JP.
Recommendations for the primary analysis of continuous endpoints
in longitudinal clinical trials. Ther Innov Regul Sci 2008; 42: 3030019.
Wood AM, White IR, Hillsdon M, Carpenter ]. Comparison of
imputation and modelling methods in the analysis of a physical
activity trial with missing outcomes. Int J Epidemiol 2005; 34: 8989.
European Medicines Agency. Adjustment for baseline covariates in
clinical trials&l cientific guideline. March 27, 2015. https://www.
ema.europa.eu/en/adjustmenth aselinefb variates[¢linicaldrialsO
scientificfguideline (accessed July 29, 2025).

Shahjouei S, Bavarsad Shahripour R, Dumitrascu OM.
Thrombolysis for central retinal artery occlusion: an individual
participantllevel metal@nalysis. Int ] Stroke 2024; 19: 298D.
Baumgartner P, Kook L, Altersberger VL, et al, and the
Thrombolysis in Stroke Patients (TRISP) Collaborators. Safety and
effectiveness of IV thrombolysis in retinal artery occlusion:

a multicenter retrospective cohort study. Eur Stroke J 2023; 8: 966[173.
Schultheiss M, HOrtig F, Spitzer MS, et al. Intravenous
thrombolysis in acute central retinal artery occlusionfl prospective
interventional case series. PLoS One 2018; 13: e0198114.

Kalaw FGP, Chartrand N, Wedekind L, et al. Evaluation of retinal
arterial occlusion and its visual and systemic prognosis after
hyperbaric oxygen therapy. Retina 2024; published online Aug 14.
https://doi.org/10.1097/TAE.0000000000004253.

Tanke LB, Chodnicki KD, Olsen TW, Bhatti MT, Chen JJ.
Populationbl ased incidence of ocular neovascularization following
central retinal artery occlusion in Olmsted County,

Minnesota. Clin Ophthalmol 2021; 15: 353187 .

Lange KS, Mourand I, Coget A, et al. Diffusioniei ghted magnetic
resonance imaging in early central retinal artery occlusion.

Eur Stroke ] 2023; 8: 97481 .

Tobalem S, Schutz JS, Chronopoulos A. Central retinal artery
occlusiont] ethinking retinal survival time. BMC Ophthalmol 2018;
18: 101.

919





