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Introduction: The diagnosis of acute central retinal artery occlusion (CRAO)
is commonly delayed in emergency departments (ED) where ophthalmologists
are rarely available for immediate consultation. Thrombolysis is sometimes
given empirically for presumed CRAO without confirmation of the diagnosis
with ocular funduscopic examination.

Methods: We describe one case of severe intraocular hemorrhage following
intravenous thrombolysis for a retinal detachment misdiagnosed as a CRAO,
and two cases of worsening intraocular hemorrhage following intravenous
thrombolysis for misdiagnosed CRAQO, and review the literature.

Results: We identified 4 cases in the literature were thrombolysis given for RAO
resulted in ocular hemorrhage. We identified 12 additional cases where thrombolysis
given for any indication resulted in intraocular hemorrhage.

Discussion: Ocular hemorrhage is a rare but potentially devastating complication
of thrombolysis in patients with underlying retinal disorders other than CRAO.
Thrombolysis should never be given for acute vision loss without a funduscopic
examination or ocular imaging confirming the diagnosis of CRAO.

KEYWORDS
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1 Introduction

Central retinal artery occlusion (CRAO) is a devastating retinal infarction with very poor
visual outcomes (1) and potentially life-threatening consequences (2). While no clinical trial
has yet proved thrombolysis for CRAO to be efficacious, recent meta-analyses have suggested
that early thrombolysis within 4.5 h of vision loss may improve visual outcomes (3, 4). As such,
thrombolysis for acute CRAO is often considered a reasonable off-label hyperacute treatment
when no contraindications to thrombolysis exist (2, 5, 6).

However, rapid diagnosis of CRAO in the emergency department (ED) is challenging.
Delays in time to presentation and recognition of a visual complaint as a CRAO, as well as lack
of availability of ophthalmologists in most general EDs, all contribute to delays in treatment.
Recognizing these barriers, there has been an effort to develop reliable diagnostic modalities
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and treatment protocols for early detection of CRAO. Protocols using
ED-based non-mydriatic optical coherence tomography (OCT) and
color fundus photography have shown promising results in the rapid
diagnosis of CRAO or alternate causes of vision loss (6-11). Such
cameras can easily be implemented in general EDs where ocular
imaging is obtained by ED staff without pharmacologic dilation of the
pupils and is read remotely by an ophthalmologist, accelerating
diagnosis and allowing for early management in the ED (10).
Alternatively, in order to facilitate rapid management of ED patients
with acute vision loss prior to stroke workup, point of care ocular
ultrasound (POCUS) (12, 13) is often used by ED providers to
rule-out vitreous hemorrhage and retinal detachment when no
ophthalmologist is available for immediate consultation. When these
common causes of vision loss are ruled-out by POCUS in the ED, a
CRAO is often presumed, sometimes with subsequent empiric
thrombolysis treatment without ophthalmologic examination.

Intraocular hemorrhage is a rarely reported but devastating
complication of intravenous (IV) or intra-arterial (IA) thrombolysis.
We describe one case of severe intraocular hemorrhage following
intravenous thrombolysis for a retinal detachment misdiagnosed as a
CRAO, and two cases of worsening intraocular hemorrhage following
intravenous thrombolysis for misdiagnosed CRAO in the ED. We also
review the existing literature reporting intraocular hemorrhage
after thrombolysis.

2 Materials and methods

This is a case series and scoping review of intraocular hemorrhage
after thrombolysis. We report 3 cases referred to our center between
March 2024 and October 2024. Permission for publication of
de-identified clinical information of ocular and brain imaging pictures
was obtained from the patients.

A PubMed literature search was performed using different
combinations of the following keywords: “central retinal artery
“acute  vision loss,

L e« »
occlusion,”  “emergency department,

“thrombolysis,” “ocular hemorrhage,” “eye stroke protocol” The search
was limited to research articles and reviews without time limits. In
addition, websites of leading regulatory/health agencies were screened
for relevant guidelines, and position statements. Non-English articles
were excluded. We also reviewed published safety data for major
thrombolysis trials in myocardial infarction (MI), pulmonary
embolism (PE), and brain stroke to assess for reporting of

ocular complications.

2.1Casel

A 65-year-old woman with history of hyperlipidemia, colon
cancer, migraine headaches, and remote prior cataract surgery
presented to an outside hospital ED with sudden painless vision loss
in her left eye. Pupillary examination was documented to
be unremarkable and POCUS at bedside performed to rule-out a
retinal detachment or vitreous hemorrhage was unremarkable by
report. The report also did not mention the presence of a “spot sign”
at the optic nerve head. Funduscopic examination was attempted
without pharmacologic dilation of the pupils but was unsuccessful.
Computed tomography (CT) scan of the brain was normal. The
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diagnosis of presumed acute CRAO of the left eye was made and she
was empirically treated with a bolus dose of 5.1 mg IV alteplase
followed by 45.9 mg infusion over 60 min approximately 4.5 h after
symptom onset. She presented to our ED 2 days later with worsening
vision in the left eye. Visual acuity (VA) in the left eye was hand
motion and intraocular pressure was 13 mmHg. Funduscopic
examination demonstrated a dense vitreous hemorrhage and a large
retinal tear and retinal detachment, which was treated with laser. At
2-month follow-up, her VA had improved to 20/30, with spontaneous
improvement of vitreous hemorrhage. At 8-month follow-up, VA was
20/25, with resolution of the vitreous hemorrhage. This patient had
experienced acute vision loss secondary to a retinal detachment from
a large retinal tear that was complicated by vitreous hemorrhage after
receiving IV thrombolysis, resulting in worsening of vision. She did
not have a CRAO as the cause of her initial vision loss.

2.2 Case 2

A 51-year-old healthy man presented to an outside hospital ED
within 1 hour of sudden onset painless vision loss of his right eye. The
patient endorsed heavy lifting prior to the onset of blurred vision. A
head-CT was read as normal (Figure 1A). To our knowledge, no
POCUS was performed, and the patient does not recall undergoing
funduscopic examination in the ED. He was treated for presumed
CRAO with 23.5 mg of IV tenecteplase (TNK) within 2 h of symptom
onset. Five minutes later, he developed severe right eye pain.
Intraocular pressure was very elevated at 84 mmHg, and head-CT
scan after TNK administration was interpreted as showing a retinal
detachment (Figure 1B). The patient was treated with pressure
lowering drops, cryoprecipitate, and he was transferred urgently to our
ED where vision in the right eye was light perception and intraocular
pressure remained elevated at 48 mmHg. There was dense blood in
both the anterior chamber and vitreous with poor view to the
posterior pole (Figure 2). Ocular ultrasound showed dense vitreous
hemorrhage, pre-hyaloid hemorrhage, and possible subretinal
hemorrhage, but no retinal detachment. Review of the pre-TNK
head-CT by our team showed a focal hyperdensity in the right retina
suggesting a spontaneous macular hemorrhage responsible for the

(A) (B)

FIGURE 1

Axial head computed tomography without contrast of case 2. (A) CT
head without contrast at initial presentation showing spontaneous
intraretinal hemorrhage in the posterior pole of the right eye. (B) CT
head after administration of intravenous thrombolysis showing
enlargement of the hyperdensity, consistent with worsening of the
bleed.
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FIGURE 2

External photograph of case 2. External photograph of the right eye
at two-month follow-up showing 80% filling of the anterior chamber
with blood products, consistent with hemolytic glaucoma.

initial vision loss. The patient subsequently underwent retinal
fluorescein angiography which showed vascular leakage along the
superior vasculature in the right eye suggesting possible retinal
vasculitis. Extensive laboratory and imaging workups were
unremarkable. He underwent two ocular surgeries, including a
combined vitrectomy and lensectomy to try to remove most of the
intraocular blood, which still persisted, as did fibrotic membranes
causing vitreoretinal traction. His VA in the right eye at 6-month
follow-up was 20/250. The visual prognosis remains poor. He did not
have a CRAO as the cause of his initial vision loss.

2.3Case 3

A 28-year-old man with past-history of right eye trauma 1 year
prior presented to an outside hospital ED with 2 h of sudden onset
right eye vision loss and right-sided weakness. The patient described
vision in his right eye as appearing “red”” Initial examination was
notable for mild right upper and lower extremity weakness, and right
eye sluggish pupillary response. Head-CT was concerning for right
intraocular hemorrhage but was otherwise unremarkable (Figure 3A).
Despite this finding, the patient received an 8.2 mg IV bolus of
alteplase followed by a 74 mg alteplase infusion for presumed acute
cerebral infarction within 4h of symptom onset without
ophthalmologic examination. His vision immediately worsened, and
head-CT performed 120 min after alteplase IVT showed expanding
intraocular hemorrhage (Figure 3B). He was then evaluated by the
on-call ophthalmologist who noted right eye vision as light perception
and intraocular pressure elevated at 34 mmHg. Funduscopic
examination revealed a dense vitreous hemorrhage. He was transferred
to our ED where funduscopic examination and ocular ultrasound
suggested that the temporal retina might be detached in addition to
vitreous hemorrhage. Magnetic resonance imaging and angiography
(MRI/MRA) head and neck were normal with no evidence of acute
cerebral ischemia and the diagnosis of cerebral ischemia was not
confirmed by our stroke team. 3 days after initial presentation his
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(A) (B)

FIGURE 3

Axial head computed tomography without contrast of case 3. (A) CT
head without contrast at initial presentation showing a spontaneous

intraocular hemorrhage in the posterior pole of the right eye. (B) CT

head after administration of intravenous thrombolysis with expansion
of the hemorrhage.

vision in the right eye had worsened to barely light perception.
Ophthalmic ultrasound demonstrated worsening of the intraocular
hemorrhage. A vitrectomy was performed with intraoperative findings
of five large, bleeding retinal macroaneurysms and subretinal blood
through the macula and inferior retina. No retinal tears were
identified. Vision 1 week after surgery remained light perception only.
He did not have a CRAO as the cause of his initial vision loss.

2.4 Statement of ethics

This study involving human participants was exempt from the
Institutional Review Board by our institution. The patients/
participants provided their written informed consent to participate in
this study. Permission for publication of de-identified clinical
information of ocular and brain imaging pictures was obtained from
the patients.

3 Results

Herein we report three cases of severe new intraocular
hemorrhage or worsening of intraocular hemorrhage after receiving
IV-thrombolysis for presumed acute CRAO. All patients had been
misdiagnosed in general EDs, one despite POCUS, and should not
have received thrombolysis without a funduscopic examination. In
one case, subsequent hemorrhage was thought to have resulted from
a pre-existing retinal tear with retinal detachment; the other two cases
had-acute vision loss related to spontaneous focal retinal hemorrhages
likely as a result of retinal vasculitis and bleeding macroaneurysms,
respectively, and experienced dramatic worsening of their intraocular
hemorrhages shortly after IV thrombolysis. Two patients received IV
alteplase, and one received IV tenecteplase, all according to standard
protocols for administration of IV thrombolysis for stroke within 4.5 h
of vision loss. All three patients required at least one surgical
intervention, and two required vitrectomies to address the intraocular
hemorrhage. One patient recovered good VA, while 2 continue to have
profound vision loss in the affected eye months after the initial injury.
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TABLE 1 Summary of publications describing intraocular hemorrhage following thrombolysis.

Author Year Indication Medication Delivery = Patients Ocular = Complication Final VA
history
Cahane (17) 1990 MI SK v 1 Recent Hyphema OS HM 20/30
ECCE OS
Glikson (18) 1991 MI SK v 1 Recent Hyphema OS NR “no eye
ECCE OS complaints”
Grekos (19) 1995 MI tPA v 1 None Vitreous hemorrhage NR PPV; 20/40
ou ou
Mahaftey (20) 1997 MI SK v 1 NR Subretinal NR NR
hemorrhage OD
Chorich (21) 1998 MI tPA v 1 Myopia Suprachoroidal HM Iridectomy;
hemorrhage OD LP OD
Berry (22) 2002 MI rpA v 1 Wet AMD Vitreous hemorrhage Lp PPV; 4/60
oD
Djalilian (23) 2003 MI tPA v 1 Wet AMD Vitreous hemorrhage LP LpP
OD
Kaba (24) 2005 MI rpA v 1 NR Subretinal 6/60 HM
hemorrhage OS
Dhawan (25) 2014 MI SK v 1 PDR Endocapsular LP Surgery;
hematoma OS 20/40
Shah (26) 2021 PE tPA v 1 None Choroidal/vitreous NR NR
hemorrhage OD
Hormese (27) 2012 CVA tPA v 1 NR Vitreous hemorrhage NR LP
oD
Shah (28) 2014 CVA tPA v 1 CRVO OD Vitreous hemorrhage Lp NR
oD
Zhang (14) 2009 RAO UK IAT 2 NR “ocular fundus NR NR
hemorrhage”
Dalzotto (15) 2021 RAO tPA IAT 1 None Pre-retina 20/20 20/20
hemorrhage OS
Baumgartner 2023 RAO NR v 1 NR Intraocular NR NR
(16) hemorrhage

NR, not reported; MI, myocardial infarction; CVA, cerebrovascular accident; RAO, retinal artery occlusion; PE, pulmonary embolus; SK, streptokinase; tPA, alteplase; rPA, reteplase; UK,
urokinase; IV, intravenous; IAT, intraarterial thrombolysis; VA, visual acuity; HM, hand motion; LP, light perception; OU, both eyes; OD, right eye; OS, left eye; ECCE, extracapsular cataract
extraction; AMD, age related macular degeneration; PDR, proliferative diabetic retinopathy; PPV, pars plana vitrectomy; CRVO, central retinal vein occlusion.

We identified 4 previous cases in the literature in which
thrombolysis given for retinal artery occlusion (RAO) resulted in
intraocular hemorrhage (Table 1) (14-16). Three of these cases
received intra-arterial thrombolysis and one received IV thrombolysis.
None of the patients who were treated for RAO had a reported ocular
condition other than the occlusion. Reported complications included
pre-retinal hemorrhage (one case) (15), and other unspecified
intraocular hemorrhages (two cases) (14, 16). Final VA was reported
for only 1 patient and was 20/20 (branch RAO) (15).

We also identified 12 reports in which IV thrombolysis was given
for brain stroke, MI, or PE and resulted in intraocular hemorrhage
(Table 1) (17-28). Of these 12 cases, 6 had underlying ocular
conditions that predisposed them to bleeding (17, 18, 22-24, 28),
including two patients who had recently undergone cataract surgery
(17, 18), 2 who had a history of exudative age-related macular
degeneration (22, 23), 1 with a history of central retinal vein occlusion
(28), and 1 with proliferative diabetic retinopathy (25). Ocular
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complications included hyphema (two cases) (17, 18), vitreous
hemorrhage (five cases) (19, 22, 23, 27, 28), subretinal hemorrhage
(two cases) (20, 24), choroidal hemorrhage (one case) (21), combined
vitreous and choroidal hemorrhage (one case) (26), and endocapsular
hematoma (one case) (25). Four of these cases required surgical
intervention (19, 21, 22, 25). Final reported VA ranged from 20/30 to
light perception, and 4 of these 12 patients had a final VA of hand
motion or worse (21, 23, 24, 27).

We also reviewed safety data from 31 clinical trials for
thrombolysis for brain stroke, MI, and PE published between 1970
and 2024. In 16 stroke trials (29-44) enrolling a combined 9,821
patients, there were 26 reported cases of ocular complications, all from
only six studies (32, 35, 40, 41, 43, 44) (Table 2). Of those 6 stroke
studies reporting any ocular complications of thrombolysis, rates
ranged from 0.14 to 1.4%. None of the 15 MI or PE studies we reviewed
reported ocular complications associated with thrombolysis
(Supplementary Tables 3, 4).

frontiersin.org


https://doi.org/10.3389/fneur.2025.1631546
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Adamkiewicz et al. 10.3389/fneur.2025.1631546

TABLE 2 Ocular adverse events in large thrombolysis trials for ischemic stroke.

Description Medication Patients Ocular adverse
event

NINDS (29) 1995 tPA for acute ischemic stroke IV tPA 624 None reported

ECASS I (30) 1998 tPA for acute ischemic stroke IV tPA 409 None reported

ATLANTIS (31) 1999 tPA for ischemic stroke 3-5 h IV tPA 272 None reported
after symptom onset

ECASSIII (32) 2008 tPA for ischemic stroke IV tPA 418 1*
3-4.5 h after symptom onset

EPITHET (33) 2008 tPA beyond 3 h for ischemic IV tPA 52 None reported
stroke

IST-3 (34) 2012 tPA within 6 h of ischemic IV tPA 1,515 None reported
stroke

ATTEST (35) 2015 tPA vs. TNK for acute IV tPA and IV TNK 52 and 52 1 (tPA group)*
ischemic stroke

NOR-TEST (36) 2017 tPA vs. TNK for acute IV tPA and IV TNK 551 and 549 None reported
ischemic stroke

EXTEND (37) 2018 tPA vs. TNK before IV tPA and IV TNK 101 and 101 None reported
thrombectomy for ischemic
stroke

WAKE-UP (38) 2018 MRI-guided thrombolysis for IV tPA 254 None reported
stroke with unknown onset

ECASS 1TV (39) 2019 Extending the time for IV tPA 60 None reported
thrombolysis with tPA

TRACE (40) 2021 Safety and efficacy of TNK vs. | IV tPA and IV TNK 59 and 181 1 (TNK 0.32 mg/kg)*
tPA in acute ischaemic stroke

TRACEII (41) 2023 TNK vs. tPA in acute ischemic | IV tPA and IV TNK 714 and 716 2 (TNK group)*
stroke

ORIGINAL (42) 2024 TNK vs. tPA in acute ischemic | IV tPA and IV TNK 733 and 732 None reported
stroke

TRACE III (43) 2024 TNK for stroke at 4.5-24 h IV TNK 264 1*
without Thrombectomy

RAISE (44) 2024 Reteplase versus Alteplase for IV tPA and IV rPA 705 and 707 8 (tPA)*, 12 (rPA)*
Acute Ischemic Stroke

tPA, alteplase; TNK, tenecteplase; rPA, reteplase.
*No further detail provided regarding ocular complication.

4 Discussion ophthalmic ultrasound machine (12, 13). Additionally, although it has

been proposed that ocular and orbital ultrasound can sometimes

CRAO is a vision-threatening and time-sensitive diagnosis
warranting emergent treatment prior to irreversible retinal infarction.
However, many EDs lack the tools or personnel to promptly recognize
this condition (8). We report three patients with painless monocular
vision loss misdiagnosed as CRAO who were inappropriately treated
with intravenous thrombolysis, with resultant worsening of vision loss
from intraocular hemorrhage. In one case, POCUS was used in the
ED prior to initiation of thrombolysis and was interpreted as normal.
This patient was subsequently found to have a retinal detachment
from a retinal tear. While ocular POCUS can be useful in the diagnosis
of large retinal detachments and severe intraocular hemorrhages, it is
not an adequate substitute for examination of the ocular fundus, as it
is not sensitive enough to detect most ocular pathology when
performed in the ED by ED providers using a non-dedicated
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facilitate the diagnosis of CRAO by demonstrating the so-called “spot
sign” (a hyperechoic signal at the level of the optic nerve suggestive of
an embolic occlusion of the central retinal artery), it does not provide
a definite diagnosis of CRAO and cannot replace direct visualization
of the retina by funduscopic examination or ocular imaging, the latter
to include color fundus photography and optical coherence
tomography of the retina (12, 13, 45).

Intraocular hemorrhage is a rare but potentially devastating
complication of thrombolysis (Table 1). We identified four cases in the
literature who developed intraocular hemorrhage after treatment of a
retinal arterial occlusion with thrombolysis (14-16) (Table 1). One
patient received intra-arterial thrombolysis 9.5 h from last known
normal, but the timing of thrombolysis was not available for the other
three patients. As no prior ocular history was reported in 3 of these

frontiersin.org


https://doi.org/10.3389/fneur.2025.1631546
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Adamkiewicz et al.

patients, it remains unknown if they had an underlying retinal
condition that may have predisposed them to intraocular bleeding.
We identified an additional 12 cases in the literature in which
thrombolysis was given for MI (17-25), PE (26), and brain stroke (27,
28) (Table 1). Six of these cases had underlying ocular conditions that
bled (17, 18, 22, 23, 25, 28) and 2 had no relevant prior ocular history
(19, 26), while for three patients, ocular history was not provided
(20, 24, 27).

Our three patients had underlying conditions that predisposed
them to intraocular hemorrhage or worsening of intraocular
hemorrhage after thrombolysis, and none had a CRAO. These patients
presented to a general ED with acute monocular vision loss and were
diagnosed with presumed CRAO without ocular examination. While
the rate of ocular hemorrhage following thrombolysis is low in the
general population, as evidenced by the paucity of reported cases in
the literature and from thrombolysis trial safety data (Tables 1, 2 and
Supplementary Tables 3, 4), we suspect that patients who present with
acute vision loss unrelated to CRAO are at much higher risk. Indeed,
these patients are far more likely to have underlying ocular pathologies
predisposing them to bleeding after thrombolysis or may even have
had a spontaneous intraocular bleed as the initial cause of the vision
loss, as illustrated by 2 of our 3 patients. Vision loss in these cases can
be profound and irreversible.

Thrombolysis for diagnosed CRAO is generally safe, with very few
complications reported and complication rates similar to those of
thrombolysis for MI or PE, with a very low risk of intracranial and
intraocular hemorrhage (1, 2, 5). Consequently, similarly to the
empiric administration of thrombolysis to patients with acute chest
pain before a definite coronary syndrome is confirmed, it has been our
experience that some ED providers and stroke neurologists are
recommending the delivery of empiric thrombolysis for presumed
CRAO in patients with acute monocular painless vision loss. Although
POCUS performed in the ED can help triage patients when it
demonstrates an obvious retinal detachment or vitreous hemorrhage
(12, 13), it is not sensitive enough to provide a definite diagnosis of
acute CRAO (45). Although we agree that patients needing systemic
thrombolysis for brain stroke, MI or PE do not need an ocular
examination to screen for ocular conditions that may predispose
patients to ocular hemorrhages (such as proliferative diabetic
retinopathy or choroidal neovascularization from age-related macular
degeneration), the situation is very different when thrombolysis is
considered for a patient with acute vision loss which, by definition,
must have an ocular cause. There are numerous ocular causes of acute
vision loss, and CRAO is relatively rare compared with other causes,
including retinal detachment and vitreous or retinal hemorrhage.

A limitation of our report is that many of the thrombolysis trials
we reviewed were not protocoled to report safety data on ocular
complications specifically, and it is possible that the rate of intraocular
hemorrhage is underreported in these trials. However, we assume that
any new vision loss would have prompted further investigation in
patients included in a thrombolysis clinical trial in which patient
safety is always a major concern. Similarly, there are no published
series of patients treated empirically with thrombolysis for presumed
CRAO, which would be the only way to address the ocular safety of
such treatment in the patient population with acute vision loss of any
cause; however, reports of complications are rare, and we suspect that
empiric administration of thrombolysis for unconfirmed CRAO is
not rare.
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As illustrated by our patients, administering thrombolysis to a
patient with intraocular hemorrhage or retinal detachment may
worsen the patients visual outcome and delay necessary surgical
treatments. One of our patients underwent POCUS in the ED which
missed a retinal tear and retinal detachment, and two of the head CTs
performed in the ED as part of a stroke work up demonstrated a
spontaneous intraocular hyperdensity consistent with hemorrhage
that was missed in one patient and, although reported by the
radiologist in the other, was either ignored or its relevance was
misunderstood by the ED provider, re-enforcing that examination of
the ocular fundus is essential when evaluating patients with vision
loss. The lack of ophthalmic skills of most ED providers and even
neurologists is well known and understandable (46), suggesting that
alternative strategies in EDs receiving ocular emergencies should
be considered when emergent ophthalmologic consultations are not
feasible, such as implementation of non-mydriatic ocular imaging
with immediate on-site interpretation or via tele-ophthalmology
(7, 10, 47).

In conclusion, a thoughtful approach is required when managing
acute painless monocular vision loss in the ED, balancing potential
benefits of early treatment of presumed CRAO with risk of
complications. As access to emergency evaluation by ophthalmologists
becomes more limited at the same time stroke centers are becoming
more ubiquitous and clinical trials evaluating the use of thrombolysis
for acute CRAO are conducted, neurologists may feel pressured to
administer thrombolysis to all potential CRAO patients presenting
early enough to be eligible for this treatment. If administered for a
non-ischemic ocular etiology, however, devastating intraocular
complications can arise. Thrombolysis for suspected CRAO should
never be given prior to examination of the ocular fundus, either by an
ophthalmologist in-person, or with immediate on-site or remote
interpretation of ocular imaging obtained in the ED in order to
expedite the diagnosis (6-9).
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