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Abstract
Objective To estimate the incidence of acute cerebral ischaemia detected by magnetic resonance imaging (MRI) in acute
central retinal artery occlusion (CRAO), branch retinal artery occlusion (BRAO) and transient monocular vision loss
(TMVL).
Methods Studies reporting the incidence of acute cerebral ischaemia, detected by MRI, within 7 days from diagnosis of
acute CRAO, BRAO and TMVL up to January 2019 were systematically searched for on Pubmed, Medline and Cochrane
Library. Meta-analysis was performed using random effects model. The primary outcome was the pooled estimate of
incidence of acute cerebral ischaemia in CRAO, BRAO and TMVL cohorts including both neurologically symptomatic and
asymptomatic patients, expressed as a proportion along with 95% confidence intervals (CIs). The pooled estimate of
incidence of asymptomatic acute cerebral ischaemia represented a secondary outcome measure.
Results For the primary outcome, the pooled proportion of acute cerebral ischaemia was 0.30 (CI 0.24–0.36) in the CRAO
cohort, and 0.25 (CI 0.16–0.37) in the BRAO cohort, without statistical heterogeneity. The rate of acute cerebral ischaemia
was 11.8% in the TMVL cohort. For the secondary outcome, the pooled proportion of asymptomatic acute cerebral
ischaemia was 0.22 (CI 0.16–0.28) in the CRAO cohort, 0.29 (CI 0.20–0.41) in the BRAO cohort and 0.08 (CI 0.05–0.15) in
the TMVL cohort, with no statistical heterogeneity.
Conclusions 30% of patients with acute CRAO and 25% of patients with acute BRAO presented an acute cerebral ischaemia on
MRI. Such high rates support a care pathway of prompt referral of such patients for neurological evaluation and brain imaging.

Introduction

Monocular vision loss (MVL) of ischaemic origin includes
three different vascular retinal diseases: central retinal artery
occlusion (CRAO), branch retinal artery occlusion (BRAO)
and transient monocular visual loss (TMVL). These dis-
eases differ in the size of the affected vessel and duration of
occlusion [1]. CRAO and BRAO have been considered
comparable with an ischaemic cerebral infarction, whilst
TMVL is analogous to a transient ischaemic attack [2].
Furthermore, an increased risk of acute brain ischaemia has
been seen in patients with retinal artery occlusion, the
highest rate being within 7 days from diagnosis [3].

The issue as to whether patients with an acute retinal
artery occlusion require urgent referral to the emergency
department or stroke unit for neurologic evaluation is
unresolved [4, 5].

The estimate of stroke incidence in patients diagnosed
within 7 days from acute retinal artery occlusion varies
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significantly, ranging from 1% reported in a study based on
administrative data, to 37% in a clinical study [3, 6-11].
This difference could be related to many variables, such as
case definition and use of diagnostic imaging. A better
understanding of this rate would be of great clinical rele-
vance. It would help to address the issue of the need of
urgent neurological evaluation, allowing a better manage-
ment of the disease.

Therefore, we performed a systematic literature review
and meta-analysis. The aim was to assess the incidence rate
of acute cerebral ischaemia, based on magnetic resonance
imaging (MRI), within 7 days from acute CRAO, BRAO or
TMVL diagnosis. Asymptomatic stroke rate was investi-
gated as a secondary outcome.

Materials and methods

The present study was conducted following the guidelines
of the Preferred Report Items for Systematic Reviews and
Meta-analyses (PRISMA) [12] and those of the meta-analysis
of observational studies in epidemiology [13]. (PRISMA
checklist: Table 1 in Supplementary information).

Eligibility criteria for considering studies for this
review

All study design types except case reports were considered
for inclusion in this meta-analysis. Only studies reporting
the incidence rate of acute cerebral ischaemia diagnosed by
diffusion-weighted magnetic resonance imaging (dw-MRI)
within 7 days from the onset of CRAO, BRAO and TMVL
were included.

Acute cerebral ischaemia on MRI was defined as pre-
sence of hyper-intense lesions on diffusion-weighted ima-
ging (DWI), showing low signal on apparent diffusion
coefficient maps [14, 15]. Such acute lesions remain visible
on DWI for only 7–14 days [15, 16]. The dw-MRI was the
preferred diagnostic method of acute cerebral ischaemia due
to its higher sensibility and specificity when compared with
computed tomography scans in detecting early ischaemic
brain lesions (97% sensitivity and 100% specificity vs.
47% and 93%, respectively) [14, 17, 18]. Acute cerebral
ischaemia could be symptomatic when other stroke-like
symptoms were present, or asymptomatic when lacking
additional neurological symptoms [9–11, 19]. This is
clinically relevant as the presence of silent brain infarcts
more than doubles the risk of subsequent stroke and
dementia [19].

Only papers published in English and in peer-reviewed
journals were included. No publication date or publication
status restrictions were imposed. In cases where the same
cohort of patients was included in more than one study,

either the one with better quality or the most recent was
included in our analysis.

The primary outcome measure was the rate of acute
cerebral ischaemia on MRI within 7 days from acute MVL
diagnosis in the CRAO, BRAO and TMVL cohorts,
including both neurologically symptomatic and asympto-
matic patients. The rate of asymptomatic acute cerebral
ischaemia on MRI within 7 days from acute MVL diagnosis
in each cohort was the secondary outcome measure.

Search methods for identifying studies

Studies were systematically searched for on Pubmed and
Medline databases, and the Cochrane library, from incep-
tion to 30th January 2019. Four independent researchers
(VB, PM, MF, AL) performed the electronic search
according to the strategy shown in Table 2 in Supplemen-
tary information.

Reference lists of eligible studies were searched, along
with meeting abstracts, reports from study registries that
have not been published, and comments in reviews or other
articles indicating the presence of “data not shown” relevant
for the analysis.

Study selection

Two independent investigators (MF, AL) reviewed titles
and abstracts of all studies found, applying eligibility cri-
teria. All potentially eligible studies received a full-text
evaluation to assess whether inclusion/exclusion criteria
were completely satisfied. When eligibility assessment of a
study required clarification or more information, the authors
were contacted by email.

Data collection and risk for bias assessment

After study inclusion, two authors (MF, AL) proceeded to
data extraction independently. When there were disagree-
ments, consensus was achieved by involving a third
investigator (AR). The following data were extracted from
each included study: publication year, first author, location
of the study, type of design, characteristics of each cohort
including number of patients, gender, mean age, and race.
The number of patients who experienced cerebral ischae-
mia, diagnosed by MRI, within 7 days from acute MVL,
was extracted from each cohort, along with their char-
acteristics (gender, race, and mean age). Similarly, data on
asymptomatic cerebral ischaemia were collected.

The risk of bias for each included study was
assessed by two investigators (PM, MR), relying on the
Newcastle–Ottawa scale (NOS) [20]. A Newcastle–Ottawa
score ≥6 indicated a low-to-moderate risk of bias, as pre-
viously reported [21].
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Data synthesis and analysis

Meta-analysis of the primary and secondary outcomes was
performed. The pooled estimation of incidence of acute
cerebral ischaemia was calculated as a proportion, along
with 95% confidence intervals (CIs). Heterogeneity was
evaluated by using the I [2] statistic, whose value indicated
a moderate to high heterogeneity if >50%. The meta-
analytic approach was based on a random effects model.
A P value was significant if <0.05. ‘meta’ packages within
‘R’ software, version 3.2.3., were used to perform the meta-
analysis.

Results

Study selection

Figure 1 shows the study selection process. The electronic
search identified a total of 7288 studies, of which 6871 were
duplicates. Of the remaining 417, 23 received a full-text
assessment to verify whether inclusion/exclusion criteria
were met. Seventeen reports were ruled out, whereas six
were included in the present study.

Qualitative synthesis

Table 1 displays the characteristics of the six included
studies. A total of 335,133 and 126 patients affected by
acute CRAO, BRAO and TMVL, respectively, were
included. In all studies the diagnosis of acute cerebral
ischaemia was based on dw-MRI. Brain imaging was per-
formed within 7 days from the onset of MVL in all trials,
with one reporting a mean time between MVL and MRI of
24 h [9]. Four out of the six included studies enrolled
patients both with and without neurological symptoms
related to the cerebral ischaemia. Otherwise, Golsari et al.
[10] and Zhang et al. [11] included only patients with silent
stroke in their trial and excluded symptomatic patients.
There were five retrospective and one prospective study
included in our analysis.

Risk of bias

All included studies showed a low-to-moderate risk of bias,
since their score on the NOS was greater than 6 in all cases.
In particular, all six reports scored 3 stars out of 4 in the
selection and exposure categories, whereas all were given
one star out of two in the comparability category.

Fig. 1 Study selection process
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Pooled estimate of incidence of cerebral ischaemia
on MRI

Meta-analysis of data from four studies was conducted to
calculate the pooled estimate of incidence of cerebral
ischaemia on MRI in the CRAO cohort. Overall, 75 patients
out of 254 showed a positive brain imaging for acute cer-
ebral ischaemia. According to the random effects model, the
pooled proportion of cerebral ischaemia was 0.30, with CI
from 0.24 to 0.36 (Fig. 2). There was no evidence of sta-
tistical heterogeneity between the included studies (I2= 0%;
P= 0.44).

Pooled analysis of incidence of cerebral ischaemia on
MRI in the BRAO cohort was performed on data from
three studies. Overall, acute cerebral ischaemia on MRI
was found in 30 out of 120 patients. The random effects
model yielded a pooled proportion of 0.25, with CI
from 0.16 to 0.37 (Fig. 3). No evidence of statistical
heterogeneity was shown among the included studies
(I2= 33%; P= 0.22).

No meta-analysis was conducted in the TMVL cohort
because only one study was included. In this study, acute
cerebral ischaemia on MRI was detected in 8 out of 68
patients (11.8% of cases).

Pooled estimate of incidence of asymptomatic
cerebral ischaemia on MRI

The pooled estimate of incidence of asymptomatic cerebral
ischaemia on MRI in the CRAO cohort was computed from
the data of four studies. Overall, 41 patients out of 193 were
diagnosed with silent acute cerebral ischaemia on MRI. The
random effects model provided a pooled proportion of 0.22,
with CI from 0.16 to 0.28 (Fig. 1 in Supplementary infor-
mation). No statistical heterogeneity was found (I2 = 0%;
P= 0.44).

Meta-analysis of data from four studies was performed
for the pooled estimate of incidence of asymptomatic
cerebral ischaemia on MRI in the BRAO cohort. Overall,
silent acute cerebral ischaemia on MRI was shown in
20 out of 70 patients. According to the random effects
model, the pooled proportion was 0.29, with CI from
0.20 to 0.41 (Fig. 2 in Supplementary information).
There was no evidence of statistical heterogeneity (I2=
0%; P= 0.58).

Data from three studies were pooled to calculate an
estimate of incidence of asymptomatic cerebral ischaemia
on MRI in the TMVL cohort. Overall, 10 out of 125
patients presented silent acute cerebral ischaemia on brain
imaging. The random effects model yielded a pooled pro-
portion of 0.08, with CI from 0.05 to 0.15 (Fig. 3 in Sup-
plementary information). No statistical heterogeneity was
shown (I2= 0%; P= 0.56).Ta
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Discussion

The present meta-analysis showed that 30% of patients with
acute CRAO and 25% of patients with acute BRAO pre-
sented with acute cerebral ischaemia on MRI within 7 days
from diagnosis. Such a high incidence supports the idea that
patients with an acute retinal artery occlusion require urgent
neurologic evaluation.

Clinical management of patients with acute retinal artery
occlusion is still controversial.

On the one hand, Hayreh argued in his literature review
that urgent neurologic evaluation in patients affected with
acute CRAO without neurological symptoms is unnecessary
and expensive [4]. In a previous study, the same author
considered brain MRI in the absence of neurological
symptoms was useless [22].

By sharp contrast, Arnold supported a different approach
for acute CRAO, claiming the need of immediate referral to
a stroke unit or ED to perform an urgent neurologic eva-
luation including brain imaging because of a high risk of
acute ischaemic stroke, which could be asymptomatic [5].
Likewise, the very latest guidelines from the American
Academy of Ophthalmology state that patients with acute
CRAO have to be urgently sent to a stroke centre or ED
and neuroimaging evaluation should be performed within
24 h [23].

However, clinical practice reports showed that urgent
referral of CRAO to the emergency department has been
carried out by 35% of ophthalmologists [24, 25] and more
than 80% of retina specialists advised an outpatient workup
for these patients [26].

The risk of stroke following retinal artery occlusion is
well known, but the estimate of its incidence remains con-
troversial [5]. Undoubtedly, a better understanding of the
incidence of acute stroke within 7 days from diagnosis of
ischaemic MVL, would reflect the clinical relevance of the
issue and, as a consequence, would identify which could be
the proper approach.

A previous meta-analysis conducted by Zhou et al. [27]
reported a twofold higher risk of cerebrovascular diseases in
patients with retinal artery occlusion compared with con-
trols. The studies included in the Zhou et al. meta-analysis
did not rely on neuroimaging for the diagnosis of cerebral
ischaemia and the timeframe between retinal artery occlu-
sion and stroke onset was not considered.

Two large population based studies confirmed a statis-
tically significant increase in stroke risk after CRAO, in
spite of different control groups and populations (South
Korean vs. US Medicare population), with an incidence
ranging between 1.2 and 2.2% during the first 7 days after
CRAO [3, 28]. This lower brain ischaemia incidence when
compared with our results may be explained by the fol-
lowing: (a) the two previous studies were based on
administrative data-set reviews, therefore miscoding issues
may have affected the results [29]; (b) the lack of dw-MRI
in all patients with CRAO irrespective of symptoms did not
allow the identification of silent ischaemia, thus possibly
underestimating its incidence; (c) the lack of a control group
in the studies included in the present meta-analysis might
have been a source of bias, which in turn could have an
influence on the results. However, an overestimation of the
event seems unlikely given the great capability dw-MRI has
to investigate early ischaemic injuries in the brain, with a
sensitivity and specificity amounting to 88–100% and
95–100%, respectively [17, 18].

Furthermore, up to 90% of patients with signs of acute
cerebral infarction on MRI, performed within 7 days from
MVL, did not suffer from any neurological symptoms [8].
This means that the largest percentage of ischaemic cerebral
infarctions following MVL are clinically silent. For this
reason, we investigated the pooled incidence of acute stroke
in asymptomatic patients as a secondary outcome. Our
findings showed that 21% of acute CRAO and 28% of acute
BRAO patients were diagnosed with silent cerebral
ischaemia on dw-MRI. The pooled incidence of silent
stroke in the TMVL cohort was lower (8%). This could be

Fig. 2 Pooled estimate of
incidence of cerebral ischaemia
on magnetic resonance imaging
in CRAO cohort

Fig. 3 Pooled estimate of
incidence of cerebral ischaemia
on magnetic resonance imaging
in BRAO cohort

Risk of acute stroke in patients with retinal artery occlusion: a systematic review and meta-analysis 687



due to misdiagnosis of TMVL [8], and to its clinical fea-
tures, which make TMVL an analogue of a transient
ischaemic attack, rather than stroke [2].

The EXPRESS study [30] and SOS-TIA study [31]
demonstrated that prompt evaluation and immediate treat-
ment after transient ischaemic attack and minor stroke
allowed the risk of recurrent stroke to be greatly reduced (by
80%). Similarly, we suggest that patients with acute retinal
artery occlusion require urgent brain imaging under the care
of a neurologist. This management may decrease the risk of
stroke recurrence and would obviously benefit both patient
and the health care system, since the economic burden of
urgent referral of these patients to the emergency depart-
ment or stroke centre is outweighed by the economic and
social costs produced by the disability and long-term care of
stroke [32].

The following limitations apply to the present meta-
analysis. First, few studies with relatively few patients were
included. Only one study had a prospective design, while
five out of six studies were retrospective. All studies were
uncontrolled. The absence of a control group does not
elucidate whether any variable might have had an influence
on the results Consequently, bias (e.g., selection or mis-
classification bias) and confounding could have been
introduced. In addition, only one study reported the mean
time between acute retinal artery occlusion onset and MRI
(24 h), whereas the others did not provide this information.
Nonetheless, all included studies presented comparable
methodologies, since all relied on dw-MRI and in all cases
the timeframe between MVL diagnosis and MRI was
≤7 days. In addition, the result of a meta-analysis has more
value than a single cohort study. In particular, our meta-
analysis yielded accurate results, given the narrow con-
fidence interval and the absence of statistical heterogeneity.
Finally, according to the NOS all included studies were
characterized by a low publication bias.

In conclusion, this review supports prompt referral to the
emergency department or stroke unit for neurological eva-
luation and brain imaging as part of the clinical manage-
ment of acute retinal artery occlusion. This may identify
concomitant strokes, which are mostly silent. A further
randomized trial is needed to assess whether immediate
initiation of treatment in those patients with asymptomatic
cerebral ischaemia can reduce the incidence of stroke
recurrence.

Summary

What was known before?

● The issue of urgent neurological assessment of patients
with acute retinal artery occlusion has been debatable.

What this study adds?

● High rate of stroke in patients with retinal artery
occlusion supports prompt referral to emergency
department for neurological assessment.
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