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Introduction: Central retinal artery occlusion is an ophthalmic emergency which typically
causes acute, painless visual loss. Several conservative treatment options are practiced with
little beneﬁt. Thrombolysis as a therapeutic option has gathered interest as well as controversy. This paper aims at reviewing the relevant literature to assess the efﬁcacy and safety of
intra-arterial thrombolysis for acute central retinal artery occlusion.
Methods: A review of the literature was conducted. Keywords included “intra-arterial thrombolysis” or “intra-arterial ﬁbrinolysis” in combination with “central retinal artery occlusion” or
“CRAO”. A Cochrane Database search was performed for randomised control trials, systematic
reviews and meta-analyses using the same keywords.
Results: Twenty-eight studies were identiﬁed which included case reports, case series, casecontrol studies and 1 randomised control trial: the European Assessment Group for Lysis in
the Eye Study. Improvement in vision was measured using different methods and at different
time points. The ﬁndings of these studies generally favour an effect towards intra-arterial
thrombolysis however there are many limitations. Additionally, the European Assessment
Group for Lysis in the Eye Study showed lack of effect in intra-arterial thrombolysis vs
conservative measures.
Conclusion: Current evidence is not sufﬁcient to recommend intra-arterial thrombolysis due
to the variability of visual improvement within retrospective studies, heterogeneity in treatment regimens between studies and adverse effects. Intra-arterial thrombolysis may have
a role in patients presenting early, particularly if they have monocular vision, after discussion
of the risks and beneﬁts. Further high-quality trials assessing the clinical efﬁcacy of intraarterial thrombolysis may shed more light on this topic.
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Central retinal artery occlusion (CRAO) is an ophthalmic emergency which causes
acute, painless visual loss. It was ﬁrst described by von Graefes in 1859 as an
embolus to the central retinal artery (CRA) causing sudden blindness.1 CRAO has
an estimated incidence of 1–2 per 100,000 and is bilateral in 1–2% of cases.2,3
Diagnosis is often on clinical examination and investigations are seldom required.
Management on the other hand is less straightforward. Several conservative treatment
options are practiced including ocular massage, anterior chamber paracentesis and
intravenous acetazolamide.4–6 Unfortunately, all conservative options have been
shown to have limited efﬁcacy.4 Thrombolysis is a therapeutic option which aims
at dissolving the embolus. This stems from the proven efﬁcacy of thrombolysis for
other thromboembolic conditions such as ischaemic heart disease and acute ischaemic
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stroke.7 As a therapeutic option, it has gathered interest as
well as controversy. Both intravenous and intra-arterial
routes have been practiced,7,8 each with their respective
beneﬁts and risks. Intra-arterial thrombolysis (IAT) by
selective microcatheter catheterization of the ophthalmic
artery (OA), though more invasive than the intravenous
route, has been investigated for over 20 years due to potentially improved visual outcomes with reduced systemic
complications.9 The results of the few studies on IAT are
inconsistent and much of the supporting evidence comes
from retrospective case series.10–12 The only randomised
control trial, the European Assessment Group for Lysis in
the Eye (EAGLE) study,13 did not ﬁnd any statistically
signiﬁcant improvement in ﬁnal visual outcome in patients
who underwent IAT compared to standard therapy but
reported a higher rate of complications within this group.
However, the validity of this clinical trial has been questioned due to potential ﬂaws in study design.14 Further
reports have emerged since favouring the effectiveness of
this therapeutic option. As such, this paper aims at reviewing the available relevant literature to assess the efﬁcacy and
safety of IAT for acute CRAO.

Background
CRAO presents as acute, painless visual loss typically in
patients above the age of 50. Visual loss is rarely complete
blindness with up to 75% of patients having a visual acuity
(VA) of counting ﬁngers (CF).15 The typical acute fundus
ﬁndings are retinal opaciﬁcation, a cherry-red spot, sludging of red blood cells, venous attenuation, and optic disc
pallor (Figure 1).16 Late changes include retinal pigment
epithelial changes, sheathed arteries, attenuated veins,
optic disc atrophy and cilioretinal collaterals.16
Embolism is the most common cause of central retinal
artery occlusion (CRAO) and two-thirds of cases are
caused by emboli secondary to atherosclerosis of the internal carotid artery (ICA).17 Plaque in the ICA is the most
common source of microemboli.18 The three commonest
types of visible emboli are cholesterol, platelet-ﬁbrin and

calciﬁc emboli. Embolus composition is important with
respect to thrombolytic therapy as only platelet-ﬁbrin
emboli would be susceptible to it. Historically, cholesterol
emboli were shown to be the most common type in a study
by Arruga et al19 of 70 patients with retinal embolism
which showed that 57% were cholesterol, 11% plateletﬁbrin and approximately 9% calciﬁc. However, the commonest location of occlusion is at the narrowest part of the
CRA lumen where it enters the dural sheath of the optic
nerve20 and thus this may not be representative of retrobulbar emboli.
As in acute ischaemic stroke and myocardial infarction,
the time following CRA occlusion is crucial in determining the survival of retinal tissue. The retinal tolerance time
to acute ischaemia in human eyes has been estimated from
animal studies in rhesus monkeys. Initial studies on young
rhesus monkeys showed mild posterior retinal opaciﬁcation and disc pallor at 7 mins after CRAO progressing to
marked opaciﬁcation from 24 to 60 mins and severe opaciﬁcation at 60 mins.21 After removal of occlusion, the
retina recovered at a duration of 97 mins of ischaemia and
suffered irreparable damage after 105 mins of ischaemia.
Histology conﬁrmed irreversible damage to the inner
retina with preservation of the photoreceptor and outer
retina, and the macula was observed as the most susceptible area to ischaemia. This experiment was reproduced
on older rhesus monkeys in which atherosclerosis and
chronic arterial hypertension were induced to study conditions more alike that in elderly patients with these
comorbidities.22 Fundus ﬂuorescein angiography (FFA)
showed that vascular anastomoses allowed the retinal vasculature to ﬁll very slowly despite complete occlusion.
Complete or near complete loss of visibility of the retinal
nerve ﬁbre layer and optic disc pallor was observed in all
eyes occluded for 240 mins or longer. No apparent optic
nerve damage was observed in occlusion of less than 100
mins. Due to the similarities between rhesus monkey eyes
and human eyes, and taking into account functional visual
loss tends to occur earlier than anatomic loss, Hayreh et al
concluded that irreversible damage to the retina from
ischaemia likely occurs in less than 4 hrs from onset.22
This was later conﬁrmed in a meta-analysis by Schrag et al
who found that systemic thrombolysis was beneﬁcial at
4.5 hrs or earlier from symptom onset.23

Diagnosis
Figure 1 Wideﬁeld imaging showing classical features of CRAO: pale retina with
a cherry-red spot in the right eye.
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Diagnosis is often on clinical examination and investigations are rarely required. Direct visualisation of the
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embolus conﬁrms a thromboembolic cause and is sometimes possible either at the disc or in a branch retinal
artery. Cholesterol emboli are described as yellow, orange
or copper bodies which are globular or rectangular in
shape; platelet-ﬁbrin emboli are dull grey-white plugs
that are usually mobile and calciﬁc emboli are solid
white ovoid-shaped bodies.19 The absence of a visible
embolus does not exclude embolism as the majority of
emboli are retrobulbar and due to the tendency of emboli
to migrate within the retinal circulation.18
Investigations can be performed if there is uncertainty
regarding the diagnosis. FFA can be performed and typically
shows delayed or restricted ﬁlling of the retinal arterioles.24
Optical coherence tomography (OCT) can be performed to
assess the thickness of the retina. Increased reﬂectivity and
thickness of the inner retina are observed in the acute phase
and (Figure 2), conversely, in the late phase, there is
decreased reﬂectivity and thickness due to atrophy of the
neurosensory retina.25

18.7% of patients and VA may be preserved at 20/50 or better
with loss of peripheral vision only.28 VA can however vary
due to the variability in size of the cilioretinal artery and the
area supplied.15 Cilioretinal arteries are also at risk of occlusion due to a lower perfusion pressure compared to the CRA.

Transient Non-Arteritic CRAO
Transient non-arteritic CRAO occurs in approximately 15%
of patients26 and presents with reversible visual loss lasting
minutes to hours. It can occur in the context of haemodynamic ischaemia such as in nocturnal arterial hypotension or
if the embolus has cleared the retinal circulation. Another
cause of this condition is transient vasospasm due to serotonin release from platelets on atherosclerotic plaques.18
Though patients with transient non-arteritic CRAO have
a more favourable prognosis, they are at a high risk of
ischaemic events including NA-CRAO, cerebral infarction,
myocardial infarction and vascular death.6

Arteritic CRAO

Classiﬁcation
CRAO can be classiﬁed into 4 different types which is
important with regards to management and visual prognosis.

Non-Arteritic CRAO (NA-CRAO)
NA-CRAO is the most common type of CRAO occurring
in approximately 65% of patients26 and is analogous to
acute ischaemic stroke of the retina. Patients with NACRAO present with the typical symptoms of sudden
severe monocular visual loss and have the characteristic
ﬁndings of pale retina with a cherry-red spot.

Non-Arteritic CRAO with Cilioretinal Sparing
Cilioretinal arteries originate from the posterior ciliary
arteries and are therefore spared in CRAO. They can contribute towards macular perfusion thus the presence of
a cilioretinal artery can be favourable due to preservation of
central vision. A prospective study of 2000 eyes found that
32.1% of eyes had a cilioretinal artery and 14.6% occurred
bilaterally.27 These contributed to the macular circulation in

Figure 2 OCT image showing hyperreﬂectivity and increased thickness of the inner
retina in CRAO.
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Arteritic CRAO occurs in less than 5% of patients26 and
occurs most commonly due to giant cell arteritis (GCA).
Non-arteritic anterior ischaemic optic neuropathy can also
occur concurrently and thus visual loss can be profound
due to the combination of infarction of the retina with
ischaemia to the optic nerve. As such, the mainstay of
management of arteritic CRAO is with corticosteroids.

Management
There is no consensus on the management of CRAO.
A survey by Youn et al29 of 43 university hospitals showed
that 20% of programs had a formal approach to the management of CRAO, 33% of programs indicated there was
no consensus within their own department, and 9%
opposed using any treatments due to their lack of efﬁcacy.
Various acute treatment options have been proposed and
practiced (Table 1).4 Unfortunately, none of these have proven efﬁcacious. A Cochrane review by Fraser et al4 on
interventions for acute NA-CRAO found only 2 randomised
controlled trials (RCTs) that met the inclusion criteria: one
study on pentoxifylline and the other on enhanced external
counter pulsation. Though the results of these studies showed
improvement in retinal perfusion in the intervention groups,
there was no improvement in vision.4
The interest for thrombolysis as a therapeutic agent in
CRAO stems from the proven efﬁcacy of thrombolysis in
ischaemic heart disease31 and acute ischaemic stroke32 and
the similarities between these conditions and CRAO.7,33
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Table 1 A Summary of Current Conservative Treatment Options and Their Mechanism of Action.4,6,30
Conservative Treatment Options for CRAO
Treatment Option

Possible Mechanism of Action

Sublingual isosorbide dinitrate

Dilation of retinal vasculature thus increased perfusion into the retinal artery

Carbogen inhalation

Inhalation of this mixture of 95% oxygen and 5% carbon dioxide to increase blood carbon
dioxide concentration preventing oxygen-induced vasoconstriction thus allowing increased
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perfusion to retinal tissue
Hyperbaric oxygen

Inhalation of hyperbaric oxygen to increase oxygen tension and oxygen delivery to ischaemic
retinal tissue

Ocular massage

Digital compression of the globe to mechanically dislodge the embolus allowing it to pass
through the retinal circulation

Anterior chamber paracentesis

Withdrawal of 0.1–0.2 mL of aqueous ﬂuid to reduce intra-ocular pressure (IOP) and allow an
increase in perfusion pressure

IV acetazolamide

IV infusion to reduce intra-ocular pressure (IOP) to allow an increase in perfusion pressure

IV mannitol
Pentoxifylline

Reduction of red blood cell rigidity allowing them to pass through capillaries with greater ease
and a reduction of blood viscosity

Systemic steroids

Reduction in vascular endothelial oedema

Enhanced external counter pulsation

Sequential inﬂation of pneumatic cuffs around the lower extremities at diastole to increase
venous return and at the onset of systole to decrease systolic pressure causing increased blood
ﬂow

Neodymium-doped yttrium aluminium garnet

Nd:YAG laser to dislodge embolus

(Nd:YAG) laser embolectomy

Based on the same principle, the theoretical basis is that
thrombolysis could restore retinal blood ﬂow in CRAO by
dissolving occlusive thromboemboli and prevent ischaemic damage.11 Consequently, thrombolysis would not be
effective in non-embolic causes such as CRA dissection.

for thrombolysis and it has been argued that they are outdated
and may be restricting the number of potential patients from
treatment.34 As such, IAT has been pursued as only one
occluded vessel needs to be treated through selective catheterization and infusion of thrombolytic into the OA thereby
avoiding systemic administration.

Intravenous Thrombolysis
The IV route is quick and easy to administer, and many
facilities will already have the existing infrastructure for use
in acute ischaemic stroke and myocardial infarction. A review
by Biousse et al33 showed that 48.5% (n = 50) of patients with
acute CRAO had obvious improvement of VA and these
results appeared better than that with conservative measures
and the natural history of CRAO. However, due to the larger
doses required and systemic distribution of the thrombolytic
agent, there is an increased risk of systemic complications.
Consequently, there are many contraindications to thrombolysis. These were originally developed during the National
Institute of Neurological Disorders and Stroke rt-PA Stroke
Study Group (NINDS) stroke trial to identify the ideal patient
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Intra-Arterial Thrombolysis
IAT was pioneered by Schumacher and Schmidt in the
early 1990s.35 A microcatheter was placed in the proximal
portion of the OA through a femoral approach and thrombolytic administered. Following this, several case reports
were published throughout the 1990s in favour of IAT for
CRAO.36 The method of selective catheterisation of the
affected vessel with localised infusion of the thrombolytic
agent requires a smaller dose of thrombolytic to achieve
a high local concentration.34 However, IAT also has its
drawbacks: it is not as easily performed and requires
a multispecialist approach including early diagnosis of
CRAO, interventional neuroradiology services and careful
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inpatient monitoring of vital functions and coagulation
factors during and after treatment.14 These services are
unlikely to be available in most hospitals.
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Complications
The most important complication of thrombolysis is haemorrhage. The NINDS trial32 of 291 patients identiﬁed
symptomatic intracranial haemorrhage within 36 hrs of
treatment in 8% of the thrombolysis treatment group of
which 4% was fatal compared with no events in the control group. Additionally, 3% of patients in the treatment
group had asymptomatic intracranial haemorrhage within
36 hrs of treatment and a further 3% of the treatment
group developed symptomatic intracranial haemorrhage
on long-term follow-up. Consequently, thrombolysis is
contraindicated in patients with underlying conditions
that may have devastating consequences in the event of
a bleed. These include myocardial infarction, cardiac
aneurysm, haemorrhagic diathesis, liver cirrhosis, gastric
ulceration, untreatable hypertension and oral anticoagulation use.12

Prognosis
Visual prognosis in patients after CRAO was evaluated in
a prospective study of 244 patients15 which showed variability in initial and ﬁnal VA depending on the type of
CRAO. Initial VA was 20/40 or better in 37.9% of eyes
with transient NA-CRAO, 20% of eyes with NA-CRAO
with cilioretinal artery sparing and in 0% of eyes with NACRAO and arteritic CRAO. Seventy-four percent of eyes
presented with an initial VA of CF or worse. Patients with
transient NA-CRAO had a better initial VA, 37.9% had CF
compared with 93.2% of NA-CRAO, and a higher proportion also showed greater visual improvement: 82% compared with 22% in NA-CRAO.
Visual ﬁeld (VF) defects were noted: central scotoma was
the most common scotoma and generalised constriction of
the VF the most common defect in transient NA-CRAO
(17.1% of eyes) and NA-CRAO with cilioretinal artery sparing (32.3% of eyes). In NA-CRAO, 51.9% of eyes had only
a peripheral island residual ﬁeld, most frequently in the
temporal region. Improvement in VFs was seen in all types
of CRAO and recovery to normal VFs was observed in some
patients with transient NA-CRAO. Both VA improvement
with central VFs improvement was observed in 30% of eyes
with transient NA-CRAO, 25% of NA-CRAO with cilioretinal sparing, and only 6% with NA-CRAO. Though patients
with transient non-arteritic CRAO have a better visual
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prognosis, they are at a high risk of ischaemic events including NA-CRAO, cerebral infarction, myocardial infarction
and vascular death.6
Neovascularisation due to retinal ischaemia can lead to
further visual loss and has been estimated between 2.5%
and 31.6% of patients with CRAO. This may subsequently
lead to neovascular glaucoma, intraocular haemorrhage or
tractional retinal detachment.37 Patients with CRAO have
silent or other infarcts visible on MRI in 25% of patients.38
In patients without a history of stroke, the risk of stroke
following CRAO is increased to between 4.8% and 35.5%
within 3 years following ocular diagnosis.39

Methods
A review of the literature was conducted to assess the published evidence on thrombolysis in CRAO. A structured
search of the MEDLINE online database was performed.
Keywords included “intra-arterial thrombolysis” or “intraarterial ﬁbrinolysis” in combination with “central retinal
artery occlusion” or “CRAO”. Relevant articles were
reviewed for content and overall signiﬁcance. The inclusion
criteria for studies were English language case reports, case
series and RCTs of patients with acute onset NA-CRAO who
underwent IAT. Studies reporting on patients who had more
than one acute pathology (central retinal vein occlusion as
well as CRAO) that might contribute towards visual loss
were excluded as well as if more than one technique was
used (Nd:YAG laser in the combination of IAT). The references of all articles were assessed to obtain further studies
relevant to the subject. A Cochrane Database search was also
performed for RCTs, systematic reviews and meta-analyses
using the same keywords. Information including VA, time
between onset of symptoms and thrombolysis, pre-procedure
angiogram ﬁndings, thrombolytic agent and dosage of
thrombolysis, post-procedure imaging, adverse effects and
ﬁnal visual outcome was recorded.

Results
Literature review identiﬁed 28 studies which include case
reports, case series, case-control studies and 1 RCT. Vision
was measured using VA from Snellen charts and the logarithm of the minimal angle of resolution (logMAR) acuity
using standardised notation however different end points
were used. If patients were unable to visualise the chart,
vision was recorded according to whether they could count
ﬁngers (CF), see hand movements (HM) or whether they
had light perception (PL).
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Case Reports

Complications
40–48

Twelve case reports were included
(Table 2). Four
additional case reports are reported separately as these
patients developed CRAO during or post-procedure
(Table 3).
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Improvement in VA and Time to Treatment
The delay to treatment varied from 4 to <24 hrs. Only 3
patients had IAT within 6 hrs and all of these patients
recovered normal VA. Two of these patients also recovered
normal VFs. One patient had IAT at 6.5 hrs and had partial
recovery of vision. The time to treatment was signiﬁcantly
higher in the other 8 patients ranging from 10 to <24 hrs.
Four of these patients had a signiﬁcantly better ﬁnal VA: 1
patient achieved normal VA and VFs; 1 patient recovered
to 6/9 (however signiﬁcant restriction of peripheral VFs
was present); 1 patient recovered to 20/25 and 1 patient
achieved 20/70 after presenting with VA 1/200. It is interesting to note that one of these patients where IAT was
performed at 13.5 hrs recovered normal VA and VFs. FFA
post-IAT conﬁrmed recanalization in 3 of these patients
and was not reported in 1 case. Of the remaining 4
patients, 2 improved from LP to HM and the other 2 did
not have any improvement.
Recanalization on post-procedure FFA was seen in all 3
patients who had IAT within 6 hrs and in 3 other patients
(not reported in 1 case). In patients who did not make
a signiﬁcant visual recovery, the typical chronic ﬁndings
of CRAO of retinal atrophy were observed on OCT.

Classiﬁcation and Embolus Composition
Arteritic CRAO was excluded in 6 cases41,44,45,47,48 based
on reported history (arteritic symptoms excluded) and
investigations (normal CRP and ESR). Embolus composition was only mentioned in 1 case41 where Hollenhurst
plaques were observed and this patient achieved VA of 20/
20 after IAT. There was no atherosclerotic lesion, thrombus or steno-occlusive lesion found on pre-procedure
angiography in all cases where reported.

Technique and Dosage
The majority of investigators reported using
a microcatheter placed in the proximal segment of the
OA. Various different treatment regimens were followed:
Seven of the investigators used urokinase, dose ranging
from 40,000 to 900,000 units; rTPA was used in 3 cases,
dosage of 40 to 70 mg; alteplase was used in 1 case. Other
agents were also given including systemic heparinisation,
abciximab, tiroﬁban and verapamil.
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No complications were reported in any of the 12 patients.

Post-Procedure Case Reports
Four case reports of iatrogenic causes of CRAO were
found49–52 (Table 3). These were managed with similar
techniques of microcatheter insertion into the OA and
thrombolytics injected were urokinase and rTPA. Postprocedure angiographic imaging was possible in these
cases and showed improved retinochoroidal blush and
restoration of blood ﬂow. Despite the time to treatment
being signiﬁcantly lower in these cases (under 3 hrs) and
restoration of blood ﬂow, improvement in vision was poor:
only 1 patient achieved a normal VA, 1 patient achieved
20/30 from LP, and 2 patients achieved CF from LP.

Case Series
Six retrospective case series were included which investigated IAT in 174 patients53–58 (Table 4).

Improvement in VA and Time to Treatment
There was an improvement of VA from initial VA in
between 26% and 66% of patients within these studies.
Complete or marked recovery was observed in some
patients. There was heterogeneity in the deﬁnition of
improvement in VA. This was measured as the improvement from initial VA, improvement of lines on Snellen
chart, improvement of VA > 0.3 logMAR and actual VA
improvement. Schumacher et al53 reported “marked” and
“deﬁnite improvement” and Mercier et al58 reported
a “signiﬁcant” improvement but the authors did not deﬁne
these terms. Three investigators did not ﬁnd a signiﬁcant
difference between time delay and improved visual outcome. Of note, the mean time to treatment was 34.6 hrs in
one study53 and 74% of patients still gained a marked or
deﬁnite improvement.

Classiﬁcation and Embolus Composition
Cilioretinal arteries were reported in one study.56 Arteritic
CRAO was excluded in 2 studies.54,56 Richard et al54
noted that a platelet-ﬁbrin embolus was detectable in 6
patients and found no signiﬁcant difference in visual outcome between these patients and in those without plateletﬁbrin emboli however these may have not been detectable
in all patients.

Technique and Dosage
Overall IAT techniques were comparable with microcatheter placement at or within the OA. Thrombolytics
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2010

Hwang et al ,

42

et al41, 1997

Wirostko

Padolecchia
et al40, 1999

Author

Case Reports

VA 20/70

LP

CF

<12

<12

4

branches

of OA showed choroidal
blush and no occlusion of its

carotid. Selective angiogram

No stenosis or occlusion or
remarkable lesion in

segment

of left OA up to distal

distal carotid and proximal
cervical ICA. No occlusion

No atherosclerotic lesion in

Subtle choroidal blush

Not reported

procedure was normal

section of left OA

Microcatheter placed
at origin of OA

FFA 1-day post procedure showed
normal retinal perfusion

20/25

(Continued)

ﬁlling. Severe macular oedema on OCT.
segment of OA

Urokinase 300,000 units

using temporal VF
changes. FFA 1-day post procedure
showed normalised retinal arterial
No further improvement in vision

HM and 20/100
Angiography did not show any deﬁnite
(Excelsior SL-10,
Stryker) in proximal

20/20

VA and VF normal

VA and VF normal

Partial recovery of
vision

Microcatheter

established and cherry-red spot fading

Blood column in retinal vasculature re-

Final Visual
Outcome (VA)

abciximab 4mg

OA catheterisation

in MMA

(Tracker-18, Target
Therapeutics) placed

Recanalization on FFA

recanalization and 2-day post-

in the proximal

Microcatheter

ophthalmic testing. FFA post procedure
showed almost complete retinal

(Tracker-18, Target
Therapeutics) placed

Microcatheter

Increased blood ﬂow observed on

procedure, conﬁrmed by FFA

Therapeutics) in the
origin of the OA

Improvement of retinal ﬂow during
ophthalmic examination during

Post-Procedure Imaging

Microcatheter
(Tracker-18, Target

Technique

Urokinase 400,000 units and

for 12h

Systemic heparinisation stopped

Urokinase 900,000 units.

3000 units and 1 week LMWH

rTPA 40mg over 45 min. Heparin

reported

4.5

rTPA 60mg over 80 min. Heparin

Not

Not reported

rTPA 70 mg over 1.5 hrs. Heparin
3000 units and 1 week LMWH

3000 units and 1 week LMWH

4.5

Not

Not reported

Thrombolytic

reported

6.5

Angiogram

Time
(Hours)

Not
reported

Pre-Procedure

Rx

Initial

Vision
(VA)

Table 2 Case Reports of IAT in CRAO
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HM

Song et al44,
2012

10

<12

<24

>12

13.5

Not reported

Not reported

Not reported

visualisation of distal parts
of OA via MMA

ECA angiography revealed

with patent right OA.
Aneurysm at origin of OA.

Normal choroidal blush

within OA

No deﬁnite thrombus or
steno-occlusive lesion

not given

IAT via OA – details

not given

alteplase

Not reported

MMA infused – details
Infusion of verapamil followed by

RNFL at 1 week

OCT showed reduced thickness of

6.98 mm

reduced from 277 to 232 microns and
macular volume decreased from 8.53 to

One year later central foveal thickness

HM

20/70

central ﬁelds.

preservation of
macular oedema with pigment mottling.
OA

Retinal vessels and ﬂow normal

6/9. Signiﬁcant
restriction with

HM

Post-operative perfusion conﬁrmed
using FFA. Disc pallor and healed

inner retina on OCT

normal arteriovenous transit time and
full peripheral perfusion. Atrophy of

Day 1 post procedure FFA showed

photoreceptor disruption on OCT

macula and disc pallor. Macular

arterial perfusion. Fundus photography
showed severe retinal atrophy in

near complete resolution of retinal

U-shaped 30-gauge
catheter to cannulate

not given

of tiroﬁban

Urokinase 40,000 units

MMA infused – details

Urokinase 200,000 units and 100g

OA infused – details
not given

HM

and placed at

left MMA

7 hrs later, no improvement in FFA.
FFA 3 days post procedure showed

blush. FFA day 2 showed recanalization

Neuro) navigated
through distal MMA

the ECA performed
showing meningo-OA from

Urokinase 500,000 units

VFs

angiographic visualisation of choroidal

meningo-ophthalmic
artery

Normal VA and

Angiogram showed improvement in

ICA. Selective angiogram of

(Prowler 10, Codman

Outcome (VA)

Final Visual

Microcatheter

Post-Procedure Imaging

mins. Systemic heparin

Technique

Urokinase 250,000 units over 30

Absence of OA from the

Thrombolytic

Abbreviations: Rx, treatment; rTPA, recombinant tissue plasminogen activator; LMWH, low molecular weight heparin; MMA, middle meningeal artery; OA, ophthalmic artery; ECA, external carotid artery; FFA, ﬂuorescein fundus
angiography; VA, visual acuity; VF, visual ﬁelds; logMAR, logarithm of the minimal angle of resolution; HM, hand movements; CF, counting ﬁngers; PL, light perception; NPL, nil perception of light.

2018

Wilkins et al ,

HM

(previously
20/50)

48

VA 1/200

2015

NPL

Kovach et al47,

Vaitheeswaran
et al46, 2014

2013

Kim et al ,

LP

reported

45

Not

Angiogram

Time
(Hours)

2012

Pre-Procedure

Rx

Initial

Vision
(VA)

Cohen et al43,

Author

Case Reports

Table 2 (Continued).
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Urokinase 100,000 and 500 mcg of
tiroﬁban

Urokinase 500,000 units over 75 min

embolization
of OA

Stentassisted coil

Not
reported

Final

Microcatheter
(Excelsior SL-10,

months, fundus photography
showed improved oedema and
reconstructed retinal artery

Stryker) placed in
the right CCA
close to the OA

into OA. Systemic heparinisation.
Post-operative IV argatroban and
dual antiplatelet therapy

ﬂow from the ECA

Retinochoroidal blush with
anterograde OA ﬂow. At 4
Urokinase 200,000 units into
common carotid and 100,000 units

No retinal choroidal blush
via OA and retrograde

Microcatheter
(Excelsior SL-10,

Improved visualisation of
choroidal blush

defect at
arteries
Stryker)

normal

VA
returned to

CF

inferonasal
quadrant

20/30 with
a left VF

CF

Outcome
(VA)

Visual

Angiogram showed restoration
of posterior ciliary and muscular

Post-Procedure Imaging

Microcatheter
(Excelsior SL-10,

proximal segment
of OA

No choroidal blush

ethmoidal and lacrimal
branches of ECA

choroidal blush in

ICA patent with no
occlusion of OA. No

Stryker) placed in

Not
reported

Immediate

<3

ECA – details not
given

aneurysm

Not
reported

LP

near origin of

Common carotid
artery infused

ECA collaterals with
choroidal blushing

rTPA 10 mg

Technique

orbital OA ﬁlled from

Chronically occluded right
OA at the ICA origin. Mid-

Thrombolytic

of paraclinoid

Coil
embolization

closure

Atrial septal
defect

LP

<0.5

Angiogram

(Hours)

Vision
(VA)

Pre-Procedure

Rx Time

Initial

Abbreviations: Rx, treatment; rTPA, recombinant tissue plasminogen activator; LMWH, low molecular weight heparin; MMA, middle meningeal artery; OA, ophthalmic artery; ECA, external carotid artery; FFA, ﬂuorescein fundus
angiography; VA, visual acuity; VF, visual ﬁelds; logMAR, logarithm of the minimal angle of resolution; HM, hand movements; CF, counting ﬁngers; PL, light perception; NPL, nil perception of light.

Park et al52,
2019

2016

Yoo et al51,

Jeon et al50,
2016

Carotid
artery stent

Thompson
et al49, 2011

placement

Procedure

Author

Post-Procedure Case Reports

Table 3 Post-Procedure Case Reports of IAT in CRAO

Clinical Ophthalmology downloaded from https://www.dovepress.com/ by 34.228.52.223 on 25-Jun-2021
For personal use only.

Dovepress
Hakim and Hakim

submit your manuscript | www.dovepress.com

DovePress

2497

2498

Powered by TCPDF (www.tcpdf.org)

DovePress

submit your manuscript | www.dovepress.com

Petterson
et al56, 2005

Butz et al55,
2003

et al54, 1999

Richard

13

22

53

9.7

7.6

14

34.6

23

Schumacher

et al53, 1993

Rx
Time

Cases

Author

Retrospective Case Series

major stroke

maxillaryophthalmic
anastomosis used

followed by 700–1500 units
per hour for 2–3 days

No
complications

intracerebral
bleeding, 1

placed at origin of
OA. In 1 case

mean dose between 90 and 120
min. Systemic heparin 10,000 units

Microcatheter in
proximal OA

symptoms, 1

microcatheter

min. In 15 cases, rTPA 27 mg

rTPA 15.8 mg mean dose over
30–75 min

2 reversible
neurologic

crisis

positioned at OA

Coaxial technique
with

symptoms, 1
hypertensive

Target
Therapeutics)

1000 units per hour afterwards

In 7 cases, urokinase 642,000 units
mean dose between 60 to 120

paralytic

2 transient

(Tracker 18,

Microcatheter

Heparin 5000 units bolus and

rTPA of 10–40 mg over 3 hrs.

of OA

Therapeutics) in
proximal section

Target

with retinal ischaemic injury

● All patients had residual monocular VF defects consistent

had no improvement at 24 hrs

however not considered meaningful as ﬁnal VA worse
than 20/300. 2/13 (15.3%) did not attend follow-up but

● 6/13 (46%) improved VA by 1 or more Snellen lines

ing on duration of occlusion

● Better visual outcome with IAT compared to ST depend-

who had improvement and who did not (p = 0.22)

to 20/32; 2/22 (1%) were HM; 13/22 (59%) no change VA
● No signiﬁcant difference in time delay between patients

● 1/22 (5%) complete recovery; 6/22 (27%) showed 20/800

visual outcome (p > 0.22 for VA in IAT <20 hrs vs IAT
>20 hrs)

● No statistical difference between occlusion time and

more than 2 lines; 10/53 (19%) showed between 1 and 2
lines; 18/53 (34%) patients no change or worsening

● VA improvement in 35/53 (66%): 25/53 (47%) showed

values (p < 0.0001)

● Signiﬁcant increase in total VA compared to preoperative

(49%)

orbital pain

microcatheter
(Tracker 18,

Systemic heparinisation
20,000–25,000 units for 2–3 days

sample size

control group. Small

● Non-randomised. No

ocular massage

bias: 6 had AC paracentesis, 1 case had

treatment

Small sample size

Non-randomised
No control group

Retrospective

Small sample size

No control group

Retrospective
Non-randomised

● Possible

●
●
●
●

●
●
●
●

improvement

Small sample size
No deﬁnition of VA

No control group

Retrospective
Non-randomised

●
●
●
●
●

(26%) patients and “deﬁnite” improvement in 11/23

● “Marked” improvement in VA from initial VA in 6/23

haemorrhage, 1

1 local

Coaxial catheter
system with

Comments on Study
Design

Study Findings

Complications

Technique

dose. rTPA 52 mg mean dose.

Urokinase 847,000 units mean

Thrombolytic

Table 4 Case Series of IAT in CRAO
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14

49

8

<6

rtPA 35 mg mean dose over 40
min
ostium

Microcatheter
positioned OA

No
complications

between 0 and 0.01.

urine infection

OA

procedure. Antiplatelet postprocedure

recovery (p = 0.399)

● Time delay within 24 hrs not correlated with better VA

proximal OA (p = 0.0498) but this did not correlate
with improvement in VA (p = 1.000)

● Signiﬁcant improvement of the angiographic aspect of

dose (p = 0.791)

● 6/14 (43%) showed “signiﬁcant improvement” in VA
● No correlation between VA improvement and rTPA

● VA was different at 2 days, 28 days and 6 months

months after IAT

● All patients with collaterals recovered vision over 0.6
● Recanalization produced greater recovery of VA at 6

months (p < 0.05)

● Immediate recanalization in 35/49 (71%)
● VF defect <30% in 22/49 of patients at 6 months
● Residual vision before thrombolysis related to vision at 6

patients between 0.01 and 0.05; 24/49 (49%) patients

● 18/49 (37%) patients recovered VA > 0.6; 25/49 (51%)

haemorrhage, 2

1 TIA, 2 fundus

advanced into

Microcatheter

dose. Systemic heparin during

Urokinase 626,000 units mean

Small sample size

No control group

Retrospective
Non-randomised

sample size

trol group. Small

randomised. No con-

● Retrospective. Non-

reach fovea

inal arteries but did not

● 3 patients had cilioret-

= 0.125)

observer variability
between observers (p

● No signiﬁcant inter-

●
●
●
●

Abbreviations: Rx, treatment; rTPA, recombinant tissue plasminogen activator; LMWH, low molecular weight heparin; MMA, middle meningeal artery; OA, ophthalmic artery; ECA, external carotid artery; FFA, ﬂuorescein fundus
angiography; VA, visual acuity; VF, visual ﬁelds; logMAR, logarithm of the minimal angle of resolution; HM, hand movements; CF, counting ﬁngers; PL, light perception; NPL, nil perception of light.

Mercier
et al58, 2015

et al , 2009

57

Zhang

Clinical Ophthalmology downloaded from https://www.dovepress.com/ by 34.228.52.223 on 25-Jun-2021
For personal use only.

Dovepress
Hakim and Hakim

submit your manuscript | www.dovepress.com

DovePress

2499

Dovepress

Hakim and Hakim

administered were urokinase with a mean dose range of
642,000 to 847,000 units and rTPA with a mean dose range
of 15.8 to 52 mg. Some authors gave additional systemic
heparinization or antiplatelet therapy.
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Complications
There were complications in 14 out of 174 patients (8%),
however, only 2 were major: 1 intracerebral bleed and 1
major stroke.

Similar techniques of microcatheter placement within the
proximal OA were performed. Urokinase was administered
in most studies ranging from 200,000 to 1,300,000 units and
rTPA was delivered in 3mg aliquots until a visual improvement or maximal dose was achieved. Different doses of systemic heparinization or antiplatelet therapy were also
administered.

Post-Procedure Case Series

Complications

One case series was found on an iatrogenic cause for CRAO:
Kim et al59 reported on 7 patients who developed CRAO
after cosmetic facial ﬁller injection: 3 autologous fatinjections and 4 hyaluronic acid. Urokinase, mean dose
193,000 units, was administered via microcatheter
(Excelsior SL-10, Stryker) in the proximal OA to the 3
patients with suspected fat embolism and hyaluronidase,
mean dose 3050 units, in the 4 patients post-hyaluronidase
injection on average 3.8 hrs after the onset of symptoms.
None of these made any visual recovery and all were NPL
despite recanalization in 2 patients. There were no
complications.

There were complications in 25 out of 178 patients (14%)
who underwent IAT: 6/25 patients suffered a TIA and 2/25
suffered ischaemic strokes of which no patient had permanent disability. There were no cases of intracranial
haemorrhage.

Case-Control Studies
Five retrospective case-control studies were identiﬁed
which studied IAT in 194 patients10,12,60–62 (Table 5).
Once again, different deﬁnitions of visual improvement
were used: VA >0.3 logMAR, VA >0.6, improvement in
1 line on Snellen compared to initial VA and assignment of
numerical values to VA. One study12 did not provide
a deﬁnition of VA improvement and described “distinct”
and “partial” improvement in VA.

Improvement in VA and Time to Treatment
Three studies found a statistically signiﬁcant improvement
in visual outcome after IAT vs standard therapy, and the
other 2 noted an effect in subgroup analysis. Two studies10,60
did not ﬁnd a statistical signiﬁcance between earlier time to
treatment and visual outcome however patients were seen
within 4 hrs and 6 hrs of symptom onset within these studies.
The largest case-control study looked at 178 patients:
Schmidt et al12 found that 77% of patients treated within 6
hrs had a distinct or partial improvement of VA compared to
53% in those treated between 6 and 14 hrs.

Classiﬁcation and Embolus Composition
Schmidt et al12 excluded patients with cilioretinal arteries and
arteritic CRAO was excluded in 4 studies.10,60,62 Embolus
composition was not considered in any of the studies.
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Randomised Control Trial: European Assessment
Group for Lysis in the Eye (EAGLE) Study
The EAGLE study was a prospective, randomised, controlled, multicentre clinical trial on the efﬁcacy of IAT
versus standard treatment (ST) on best-corrected VA. The
study had inclusion criteria to target NA-CRAO with
symptoms of <20 hrs. Patients in the control group had
the same ST protocol and patients who had IAT received
this through a microcatheter in the OA, or if this was
technically not possible due to occlusion or stenosis,
through the external carotid artery using the collaterals to
the OA. Heparin was used with monitoring of activated
clotting time during the procedure. RTPA was used for
thrombolysis up to a maximum of 50 mg with ophthalmic
testing of VA and fundoscopy at 15 min intervals. Patients
in both groups received the same post-procedure therapy
of heparin and acetylsalicylic acid.
The primary end point was change in best-corrected
VA 1 month after therapy compared with before therapy
and clinically signiﬁcant visual improvement was deﬁned
as a decrease in logMAR of ≥0.3. Patients were randomised and a power calculation of 80% using an alpha level
of 0.05 was carried out. An intention to treat analysis was
also used. The trial was stopped after the ﬁrst interim
analysis by the Data Monitoring Committee and analysis
was performed on 42 patients who underwent IAT and 40
patients who had ST.
The trial found no difference in change in logMAR
between ST and IAT (ST vs IAT 0.004; 95% conﬁdence
interval (CI) −0.236 to 0.245; p = 0.69). There was no
difference between change in logMAR and baseline bestcorrected VA (ST vs IAT −0.01; 95% CI −0.255 to 0.234;
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Cases

17 of

32

62 of

178

Author

Weber et al60,

1998

Clinical Ophthalmology 2019:13

Schmidt et al12,

2002

10.8

4.2

Rx
Time

(p = 0.44)

hrs: 77% vs 53%

OA or other artery
if occluded vessel/
variable anatomy

phenprocoumon

servative measures

● Signiﬁcantly better outcomes of IAT vs con-

CRAO of IAT <6 hrs and between 6 and 14

proximal part of

● “Distinct” and “partial” VA improvement in

(p = 0.0001)

● Initial VA signiﬁcant to ﬁnal visual outcome

4 hrs to treatment and visual outcome

● No statistical difference between time within

outcome in IAT (p = 0.564) or ST (p = 0.618)

● Better initial VA did not have better visual

ment among ST (p = 0.005)

● Conventional therapy better than no treat-

improvement

worse VA; 5/15 (33%) showed minimal

(p – 0.0032)

(Continued)

● Difference in age between groups

servative management options

● Patients in ST had different con-

excluded

● No deﬁnition of VA improvement
● Patients with cilioretinal artery

ment time both groups (p = 0.5)

● No signiﬁcant difference in treat-

IAT group vs 1/15 control group
had AC paracentesis

● Possible treatment bias as 6/17 of

between groups

● No signiﬁcant delay to treatment

with VA of LP, HM or CF; 6/17 (35%) patients
no improvement.
● Control group 10/15 (67%) had same or

difference in initial VA
between control and IAT group

heparin for at least 2
days and aspirin or

hemiparesis. Complete
resolution both

groups

● No

showed “marked” improvement to 20/30; 6/
17 (35%) patients had “slight” improvement

● 3/17 (18%) had full recovery; 2/17 (12%)

clinical characteristics in both

● No signiﬁcant difference between

● Visual outcome in IAT signiﬁcantly better than
in ST (p = 0.01)

Comments on Study Design

Study Findings

40–80 mg. Systemic

200,000–1,300,000
units or rTPA

Urokinase

1 transient aphasia, 1

of OA

heparinisation with

(Tracker-18, Target
Therapeutics) into

Therapeutics) in
proximal segment

over 10–90 min.
Systemic

Microcatheter

permanent disability

unfractionated
heparin

2 patients TIA. No

(Tracker-18, Target

Complications

Microcatheter

Technique

units mean dose

Urokinase 594,000

Thrombolytic

Retrospective Case-Control Studies

Table 5 Case-Control Studies of IAT in CRAO
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37 of

56

21 of

42

57 of
101

Arnold et al10,

2005

Aldrich et al61,

2008

Ahn et al62,
2013

22.7

9.3

4

Time

Rx

origin of OA

3000 units and

● No

minimising selection bias
signiﬁcant differences
patient characteristics
● Possible treatment bias:

vs ST was 1.08 vs 0.08 (p < 0.001)
● VA at ﬁnal visit of equal or better than 20/200

IOP

hyperaesthesia, 2 raised

month BCVA (p < 0.001)

● Small sample size

CRAO IAT group and ST group
statistically different (p = 0.011)

ST group: 19.3% vs 4.5% (p = 0.026)

● CRAO stage signiﬁcantly associated with 1

haematomas, 1
headache, 1 tinnitus, 1

time

in

● Inclusion criteria for IAT and ST
improvement between groups (p = 0.056)
● Mean visual improvement at ﬁnal visit in IAT

VA between groups

between treatment in subtotal

neurological
deterioration, 2

placed in proximal
segment of OA

characteristics

● No signiﬁcant difference in initial

was signiﬁcantly greater in the IAT group vs

symptomatic

Stryker)

not given.

presentation

● No signiﬁcantly different baseline

● No difference in clinically signiﬁcant visual

86% less likely to have worsening of VA
(p = 0.0003)

likely to experience VA improvement and

in the control group (p = 0.018)
● Patients who had IAT were 22 times more

improvement in VA compared to 7/21 (33%)

● 16/21 (76%) experienced at least one-line

symptom onset

● Signiﬁcantly different mean time to

zolamide and/or AC paracentesis
before IAT than control group

inﬂuence clinical improvement within 6 hrs of

patients in IAT group had aceta-

in IAT (p = 0.012) and ST (p = 0.026)
● Time delay to treatment did not signiﬁcantly

● Possible treatment bias: More

groups

ment time and initial VA in both

● Younger patients more likely to regain vision

in ST (p = 0.008)

● Acetazolamide more likely to improve vision

groups

● No signiﬁcant difference in treat-

puncture site

8 asymptomatic embolic
infarction, 1

Microcatheter
(Excelsior SL-10,

2 groin haematomas

Urokinase up to
500,000. Mean dose

infusion

(Excelsior 1018,
Stryker) placed in

mean dose in 3mg
aliquots. Heparin

rTPA 11.25 mg

250–500 mg

Microcatheter

within 6 hrs and ﬁnal visual outcome

segment of OA

received systemic
heparin, 16 were
given aspirin

(p = 0.01). No different between time delay

placed in proximal

patients also

clinical characteristics in both

● Improvement of vision more likely with IAT

stroke. No permanent
disability

● No signiﬁcant difference between

2 patients TIA, 1 patient
with 0/19 (0%) in control group (p = 0.04)

Comments on Study Design

● 8/37 (22%) regained VA of >0.6 compared

Study Findings

(Tracker-18, Target
Therapeutics)

Complications

Microcatheter

Technique

units mean dose
over 10–90 min. 21

Urokinase 677,000

Thrombolytic

Abbreviations: Rx, treatment; rTPA, recombinant tissue plasminogen activator; LMWH, low molecular weight heparin; MMA, middle meningeal artery; OA, ophthalmic artery; ECA, external carotid artery; FFA, ﬂuorescein fundus
angiography; VA, visual acuity; VF, visual ﬁelds; logMAR, logarithm of the minimal angle of resolution; HM, hand movements; CF, counting ﬁngers; PL, light perception; NPL, nil perception of light.

Cases

Author

Retrospective Case-Control Studies

Table 5 (Continued).
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p = 0.93). There was a statistically signiﬁcant mean
improvement in best-corrected VA compared with the
baseline VA in both groups: 60% in ST and 57.1% in
IAT. A better visual prognosis was detected in patients
with a shorter time to treatment. There was 1 cerebral
and 1 cerebellar haemorrhage within the IAT group. Both
these patients made a full recovery. Twelve other patients
experienced at least 1 minor adverse reaction resulting in
an overall complication rate of 37.1% within the IAT
group.
The trial had inclusion and exclusion criteria that
excluded confounding factors such as patients with arteritic CRAO and cilioretinal artery sparing, however, these
criteria were breached in 9 patients. It has been argued
that the study protocol was vague and may have been
interpreted differently by different study centres resulting
in unidentical data.14 Randomisation, though performed,
was not followed: 3 patients randomised to ST received
only part of ST and 4 patients randomised to IAT underwent ST due to technical failure of IAT. In another 3
cases, patients underwent ST instead of IAT.
Additionally, blinding was not performed which could
have resulted in observer bias of the primary end point.
The primary end point was also not measured in 5
patients. Consequently, the ﬁnal study group consisted of
31 patients who underwent IAT and 30 patients who had
ST and due to the low recruitment rate, a conditional
power analysis was performed on these patients assuming
the remaining patients who were not recruited would have
the same trend in results. Within the treatment group,
patients with CRAO up to 12 hrs after onset were included
to ensure the sample size was sufﬁcient to power the
study, and in some patients, treatment was not administered until 23 hrs after the onset of symptoms. Ironically,
the same authors reported a better visual outcome when
thrombolysis was performed earlier.10,12 These ﬂaws in
study design and an increased time to treatment may have
prevented the identiﬁcation of a true effect.

Discussion
A limitation of this review is that only articles in English
have been included and the authors are aware that articles
in German and other languages form a relevant part of the
existing literature. Regardless there are many limitations to
the available literature. Due to the retrospective and nonrandomized nature of the studies, selection bias is an
important source of error. Additionally, the studies are
single centre with small sample sizes. There is likely an
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element of publication bias with favourable results being
published and thus the effects of thrombolysis are potentially overestimated. Equally, complications due to IAT are
likely underestimated.
The ﬁndings of these studies generally favour an
effect towards IAT. A meta-analysis by Beatty et al11 in
2007 of the available literature found that 34.9% (n =
87) of patients who underwent thrombolysis had obvious
improvement in VA and the results of thrombolysis
appeared better than the visual recovery with conservative measures or the natural history of the condition.
Additionally, a meta-analysis by Page et al63 found
a pooled odds ratio of 3.32 to 3.41 of the controlled
studies which was reduced to 2.52–2.65 by the addition
of the EAGLE study – still considerably in favour of
IAT. However, different outcome measures were used to
assess the effectiveness of IAT varying from descriptive
improvement in VA from initial VA to quantitative analysis using logMAR. The EAGLE trial, despite its ﬂaws,
also did not ﬁnd any clinical signiﬁcance.
Though improvement in VA was observed, it is important to consider whether this is meaningful. Petterson et al56
found that 46% of patients had at least 1 line of improvement of Snellen VA though this was not considered meaningful as all patients had a ﬁnal VA worse than 20/300. The
number of patients who achieved an improvement of ≥0.3
logMAR is signiﬁcantly lower (Table 6).
In addition, VA only assesses the function of the fovea
whereas VFs are required to evaluate the remainder of the
retinal function; VFs were not performed in the majority
of patients. Post-procedure FFA was also not performed
regularly. FFA or direct visualisation of improvement
with angiography was reported in the majority of case
reports (9 out of 12) and recanalization was seen in the
majority of these patients. A limitation of this is that
improvement of retinal perfusion on ophthalmic examination can occur without visualisation of recanalization due
to the small size of the CRA on angiogram.42
Additionally, movement of emboli resulting in spontaneous reperfusion has been reported in up to 69% of
emboli at 1 month post-onset of CRAO.65 However, this
has to be interpreted with caution as 44% of these patients
had IAT which could have a major effect on movement.
Late complete reperfusion was also seen in 33% nonmoving emboli and late incomplete reperfusion in 67%.
The timing of post-IAT imaging is therefore relevant to
differentiate between a true effect of thrombolysis or
recanalization due to the natural history of the condition.
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Table 6 Summary of Papers with Level of Evidence64 and Patients Achieving an Improvement of ≥0.3 logMAR
Level of Evidence

VA ≥0.3 logMAR with IAT

Paper

VA ≥0.3 logMAR
in Controls

–

–

–

–

–

–

1c: All or none randomized controlled trials

Schumacher et al (2010)

24/40

24/42

2a: Systematic reviews (with homogeneity) of cohort

–

–

–

–

–

–

2c: “Outcomes” Research; ecological studies

–

–

–

3a: Systematic review (with homogeneity) of case-control
studies

–

–

–

3b: Individual case-control study

Weber et al (1998)
Schmidt et al (2002)

5/17
Not given

0/15
Not given

Arnold et al (2005)

8/37

0/19

Aldrich et al (2008)
Ahn et al (2013)

7/21
21/57

Not given
10/44

Schumacher et al (1993)

4/23

–

Richard et al (1999)

11/53

–

Butz et al (2003)
Petterson et al (2005)

2/22
0/9

–
–

Zhang et al (2009)

18/49 (initial VA not given)

–

Mercier et al (2015)

4/14

–

Padolecchia et al (1999)

Not given

–

Wirostko et al (1997)
Hwang et al (2010)

1/1
1/2

–
–

Cohen et al (2012)

Not given

–

Song et al (2012)
Kim et al (2013)

0/1
0/1

–
–

Vaitheeswaran et al (2014)

1/1

–

Kovach et al (2015)
Wilkins et al (2018)

0/1
0/1

–
–

1a: Systematic reviews (with homogeneity) of randomized
controlled trials
1b: Individual randomized controlled trials (with narrow
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conﬁdence interval)

studies
2b: Individual cohort study or low quality randomized
controlled trials (eg <80% follow-up)

4: Case series (and poor-quality cohort and case-control
studies)

5: Expert opinion

Despite its limitations, post-IAT imaging needs to be
performed early, if not immediately, to allow for this
comparison to be made.
It is important to consider confounding between IAT
beneﬁt with the natural history of visual improvement.
Hayreh et al15 showed there was VA improvement in
82% of patients with transient CRAO and 22% in NACRAO, the majority of which occurs within 7 days of
symptom onset. Moreover, 6.5% of patients recovered to
20/20, 16% to 20/40 and 29% achieved 20/200 or better.
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Thus, some of the beneﬁts observed in these studies is
likely due to the natural improvement in visual function.
There was variation in studies between the signiﬁcance
of time to treatment and its effect on visual outcome. The
results of the case reports show that all 3 patients who had
IAT within 6 hrs recovered normal VA and 2 had normal
VFs; 3 case series did not ﬁnd a statistical signiﬁcance
between time delay and improved VA; 2 case-control
studies did not ﬁnd a statistically signiﬁcant improvement
with shorter time however patients were seen within 4 and
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6 hrs of symptom onset and a non-signiﬁcant trend
towards better visual outcome was noted in patients treated
within 4 hrs.10 Schmidt et al12 found that 77% of patients
treated within 6 hrs had a distinct or partial improvement
of VA compared to 53% in those treated between 6 and 14
hrs. In the EAGLE trial, the mean time to IAT treatment
was approximately 13 hrs. This ﬂaw in study design and
increased time to treatment may have prevented the identiﬁcation of a true effect.
CRAO classiﬁcation was taken into account by some
of the studies: Arteritic CRAO was excluded in 6/12 case
reports, 2/6 case series, 4/5 case-controls studies. Given
the serious nature of GCA, it was likely excluded in the
other studies however this was not published. However,
the presence of cilioretinal arteries was largely unaccounted for. This is an important factor as it is
a common occurrence which may affect the improvement
in VA from the preservation of blood supply to the macula.
Embolus composition was not taken into account by
any of the studies and may be an important factor with
respect to response to thrombolysis. Understandably, this
is difﬁcult to assess and is not visible in many cases.
Arruga et al19 reported that 57% of emboli were made of
cholesterol, 11% platelet-ﬁbrin and approximately 9% calciﬁc. As such, the scientiﬁc basis for the use of thrombolysis was refuted by Hayreh66 as emboli formed of
cholesterol or calciﬁed material cannot be dissolved by
thrombolytics and thus it would only be applicable in
approximately 11% of patients with a platelet-ﬁbrin
clot.19 In addition, he argued that thrombolytic agents
were unlikely to reach the thrombus in adequate concentration when the CRA is fully occluded thus unable to
dissolve the thrombus.66 In contrast to this, a more recent
study by Cho et al65 reported that platelet-ﬁbrin emboli
were the most common: 52% were platelet-ﬁbrin, 40%
cholesterol and 8% calciﬁc thus thrombolysis may indeed
have a role in the treatment of CRAO. Additionally,
thrombolysis may be useful for the lysis of secondary
stasis-induced thrombi54 and thus may be useful even in
cases of cholesterol or calciﬁc thrombi.
There was variation in IAT technique and treatment protocol. Investigators placed a microcatheter inserted into the
proximal segment of the OA or through the ECA if this was
technically challenging due to atherosclerosis or stenoocclusive disease. There was also heterogeneity in the thrombolytic agents used: urokinase, rTPA or alteplase, and
dosages varied between the studies. In many cases, the
thrombolytic dose was guided by ophthalmic examination
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and thrombolysis stopped when the improvement of VA was
noted or maximum dose received. Different regimes of postprocedure anticoagulation or antiplatelet therapy were also
administered. There were variations in standard treatment
delivered to both control group patients and those who underwent IAT, with some patients in the latter having more
measures leading to potential treatment bias. These variations make it difﬁcult to make comparisons and identify the
optimal dose of thrombolytics.
Thrombolysis has a risk of serious systemic complications including TIA, stroke and intracerebral haemorrhage.
A number of minor complications were also experienced
by patients such as headache and dizziness.13 The overall
major complication rate was not as high as expected. Due
to the potential of publication bias, the complication rate is
likely underestimated. Combining the studies, there were
major complications in 12/399 (3.0%) patients who underwent IAT: 3 intracranial bleed, 3 stroke and 6 TIAs. This
complication rate is considerably higher within the
EAGLE trial in which there were 2 intracranial haemorrhages in 31 patients (6.5%) who underwent IAT. It has
been argued that this higher complication rate may have
been due to undetected stroke due to concern over visual
loss or expansion of a silent infarct.67 In addition, studies
have shown that up to 25% of patients have silent infarcts
on MRI38 and thus baseline brain imaging may have
detected these and consequently reduced the complication
rate within the trial. Additionally, patients had different
regimens of systemic heparinisation which in itself
increases the risk of haemorrhage.
The procedure of IAT also contributes towards a risk of
embolic infarction but this was found to be comparable to
silent infarction following diagnostic angiography and
intervention and thus there is no additional risk.68 This
was thought to be due to distal emboli directly related to
the procedure. In many cases, management was initiated
by administering an additional dose of thrombolytic
through the microcatheter resulting in resolution of neurological deﬁcit. It is important not to dismiss silent infarction as it has been associated with an increased risk of
dementia and cognitive decline.69

Future Prospects
It was reported by Beatty et al11 that any treatment that would
provide even a marginally better visual outcome than conventional management would be a welcome advance. IAT
may provide this however current literature is not enough to
support this notion. Further investigation may shed more
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light on this topic. This should ideally be a large, multicentre,
prospective RCT to compare the efﬁcacy of IAT with no
intervention in patients presenting within a few hours of
onset of symptoms with robust inclusion and exclusion criteria to assess patients according to the type of CRAO using
the same technical procedure and comparable doses of
thrombolytic agents with immediate post-procedural imaging to identify recanalization as well as recording of VFs.
This is a difﬁcult task – one which is unlikely to ever occur
and it faces the same tests as the EAGLE trial in difﬁculties
with the recruitment of patients, particularly within an acute
time frame. Other challenges include the lack of public
education on CRAO resulting in a delayed presentation,
complications of thrombolysis as well as cost. Additionally,
the technique of IAT is technically challenging and can likely
only be performed in tertiary centres with the resources for
early diagnosis, administration of IAT and monitoring thereafter. Current healthcare infrastructure is not developed to
perform this routinely and it is largely conﬁned to tertiary
centres.
Novel management options for acute ischaemic stroke
may provide a glimpse into potential treatment options for
CRAO. Mechanical thrombectomy with or without thrombolysis has been shown to be effective in select patients
with acute anterior stroke in several multicentre RCTs.17
Similarly, Nd:YAG laser embolectomy has been performed within retinal vessels to dislodge emboli. A metaanalysis by Man et al30 of Nd:YAG laser embolectomy
found a statistically signiﬁcant improvement in VA with
a weighted mean change from 20/252 to 20/47.
Surprisingly, visual improvement was similar regardless
of time to treatment varying from under 4 hrs up to 1
week. However, available literature is scarce and this
meta-analysis included only 18 reports involving 61
patients, of which only 14 had CRAO. These patients
showed some improvement however it is unclear whether
this was signiﬁcantly different to the natural history of the
condition. The haemorrhage rate was 57% with moderatesevere haemorrhage in 26% of patients which in some
cases prevented further laser due to obscuration of the
embolus. Fifteen percent of patients also went on to have
vitrectomy. Major limitations to this treatment are the
signiﬁcantly high complication rate and the fact that only
visible emboli can be treated which as mentioned are rare.
More recently, a new technique of IAT has been practiced by Kadonosono et al70. This involved vitrectomy and
injection of rTPA directly into the retinal artery using
a microneedle. Due to this direct injection, a dose of only
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200 µg was used. Thirteen patients underwent this technique
and 12 patients recovered a VA of >0.3 logMAR with
a mean improvement from 20/800 to 20/130. They observed
complete reperfusion in 10 eyes. There was 1 massive vitreous haemorrhage requiring second surgery. Though these
results are promising, this technique is again technically
challenging and more studies are required. In the absence
of proven successful treatment options in this important
condition, new techniques such as this are encouraging.

Conclusion
CRAO is an important cause of visual loss that has a large
impact on quality of life.71 Conservative treatment measures have not been shown to improve visual outcome in
patients. There is a lack of large-scale clinical trials and
current evidence is not sufﬁcient to recommend IAT due to
the variability of visual improvement within retrospective
studies, heterogeneity in treatment regimens between studies and adverse effects associated with thrombolysis.
Furthermore, despite multiple ﬂaws, the EAGLE trial
showed lack of effect in IAT vs conservative measures.
In addition, many patients do not present early enough
from the onset of symptoms to derive beneﬁt. However,
given the devastating nature of CRAO and the lack of
efﬁcacy of conservative measures, IAT may have a role
in patients presenting early – particularly if they have
monocular vision, after discussion of the risks and beneﬁts. Further high-quality trials assessing the clinical efﬁcacy of IAT may shed more light on this topic.
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