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Abstract. — OBJECTIVE: In this systematic
review and subsequent meta-analysis, we evalu-
ated studies that showed a relationship between
stroke and renal artery occlusion in order to de-
termine the risk of acute stroke in patients with
retinal artery occlusion (RAO).

MATERIALS AND METHODS: The guiding
principles of PRISMA were followed in this in-
vestigation. Using the keywords, 850 similar ar-
ticles from the years 2004 to 2022 during the ini-
tial screening. The remaining research under-
went additional screening, and 350 studies were
excluded for not meeting our inclusion criteria.
In the end, 12 papers were chosen for analysis.

RESULTS: The odd ratios were calculated us-
ing a random effect model. Then the 12 test was
used to determine heterogeneity. To generate the
conclusions, one sizable cohort of French stud-
ies was taken from the meta-analysis. Every study
found a strong link. In half of the chosen trials, we
found a marginal connection between stroke risk
and retinal artery obstruction. The remaining re-
search, however, reveals a considerable positive
association between the two factors.

CONCLUSIONS: The meta-analysis demon-
strated that people with RAO are significantly
more likely to get an acute stroke than patients
without RAO. In addition, patients with RAO
are substantially more likely than those without
RAO to develop an acute stroke following an oc-
clusion episode, especially if they are under 75
years old. However, given that only a small num-
ber of the studies in our review did not show a
clear correlation between the two, we believe
more research is required to conclusively link
RAO and the prevalence of acute stroke.
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Introduction

A decrease in blood flow through the central
retinal artery to the inner layers of the retina is
known as retinal artery occlusion (RAO)!. When

Corresponding Author: Othman Jarallah Al Jarallah, MD; e-mail: Othman.md@hotmail.com

this happens, the retina may cause an infarct, con-
sistent with an acute ischemic stroke diagnosis.
Additionally, the obstruction of branch retinal
arteries, which may involve smaller retinal seg-
ments, might cause retinal infarction. The extent
of tissue involvement depends on the amount
of collateral flow via the external carotid artery
circulation. Ophthalmic artery obstruction can
cause infarction of the inner and outer retina, op-
tic nerve head, globe, and ocular tissues. A rel-
ative afferent pupillary deficiency, funduscopic
evidence of retinal hypoperfusion, and the usu-
al clinical signs of rapid, painless vision loss are
used to diagnose RAO. A separate RAO emerges
with a better visual prognosis when a cilioretinal
artery is present and spared. In addition, 95 per-
cent of RAO patients are classed as non-arterit-
ic, while only 5 percent of cases are arteritic and
involve an inflammatory condition such as giant
cell arteritis (GCA)?. Incidence rates of RAO, ad-
justed for age and sex, are 1.9 per 100,000 in the
United States®, 1.8 per 100,000 in South Korea*,
and 2.5 per 100,000 in Japan®. Men are more like-
ly to experience it than women*®. Asymptomatic
branch retinal arterial emboli are far more com-
mon in people over the age of 49, with a cumula-
tive 10-year incidence of 2.9%’. In comparison,
symptomatic branch retinal artery occlusion is
just 30% as common as RAQS8. Patients admitted
with central retinal artery occlusion (CRAO) or
obstruction of branch retinal arteries are margin-
ally younger than those with cerebral ischemic
stroke, according to a comprehensive study based
on the National Readmissions Database in the
United States (66.8 years vs. 70.8 years)®.

RAO typically manifests as a rapid, painless loss
of visual acuity and peripheral vision in one eye. In
more than 80% of patients, the first visual acuity is
“count fingers” or worse; however, when a cilioret-
inal artery is present, the visual loss can be close to
normal. Visual acuity and color vision impairment
are inversely correlated. A relative afferent pupil-
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lary deficiency on the ipsilateral side is common in
patients (that may not be present if there is contra-
lateral optic neuropathy). The typical funduscopic
features include slow segmental blood flow (also
known as box carrying) in the attenuated retinal
arteries, a cherry red area (due to intact choroidal
circulation below the fovea surrounded by pale,
ischemic retina), and typically a normal-appearing
optic disc. Retinal emboli are rarely seen within the
central retinal artery since most of its path is retrob-
ulbar, and they are rarely evident in the branch ret-
inal arteries in patients with RAO. The connection
between acute RAO and optic disc edema points
to the unusual coexistence of anterior ischemic op-
tic neuropathy (AION) and inner retinal ischemia,
which most likely reflects a vasculitis affecting the
posterior ciliary arteries. Patients older than 50 with
systemic symptoms such as jaw claudication, poly-
myalgia rheumatic, generalized posterior neck pain,
scalp soreness with or without nodules, new-onset
headache, or elevated inflammatory markers should
be suspected of having arterial RAO>!°,

Three distinct vascular retinal disorders, in-
cluding CRAOQO, branch retinal artery occlusion
(BRAO), and temporary monocular visual loss,
are included in monocular vision loss (MVL) of
ischemic origin (TMVL). The damaged artery
size and occlusion length vary between these
disorders''. While TMVL is equivalent to a tran-
sient ischemic attack, RAO and BRAO have been
compared to an ischemia cerebral infarction'.
Additionally, patients with retinal artery occlu-
sion have an increased risk of developing acute
cerebral ischemia, with the highest rate occur-
ring within 7 days of diagnosis’?. What needs to
be solved is whether patients with acute retinal
artery occlusion need to be referred immediately
to the emergency room or stroke unit for a neuro-
logic examination'.

Hence, through this systematic review and
subsequent meta-analysis, we aimed to assess the
risk of acute stroke in patients afflicted with RAO
by selecting studies that depicted a correlation be-
tween the above two ailments.

Materials and Methods

Protocol Employed

This systematic review was conducted follow-
ing the Cochrane group’s Preferred Reporting
Items for Systematic Review and Meta-analysis
(PRISMA) guidelines and the Orderly Reviews in
Health Care: Meta-Examination book™.
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Review Hypotheses

This meta-analysis was conducted to evaluate
the previous literature describing the risk of acute
stroke in patients with retinal artery occlusion
(RAO).

Study Selection

Using the keywords, we found 850 similar arti-
cles from 2004 to 2022 during the initial screening.
Unfortunately, 350 studies were excluded because
they didn’t match the criteria for inclusion; the re-
maining papers underwent extra screening. In ad-
dition, two authors reviewed the complete text of
the articles in the second stage and discovered du-
plication and missing data. Finally, 12 publications
were chosen for the study’s conclusion (Figure 1).

Inclusion Criteria

For full-text screening, articles that included
pertinent information for the review’s aims cov-
ering all age groups, were chosen. In addition,
studies that reported randomized/non-random-
ized studies, systematic reviews containing sub-
stantial sample volume, detailed case reports, and
validated questionnaire-based were considered
for inclusion in our review.

Exclusion Criteria

The breadth of our systematic investigation
excluded studies using animal subjects, seminar
presentations, academic articles, opinion pieces,
or incomplete data. We did not restrict our search
based on when the studies were published; rath-
er, we considered any publications that had been
published about this topic. The analysis did not
include studies that employed placebos. In addi-
tion, we skipped all literature reviews and cases
published in languages other than English.

Search Strategy

The databases PubMed-MEDLINE, Web of
Science, Cochrane, and Scopus were all searched
using relevant keywords, reference searches, and
citation searches. For example, “Acute cerebral
ischemia”, “retinal artery occlusion”, “stroke”,
and “vision loss” were the search terms used to
search the database.

Data Selection and Coding

Two independent reviewers searched relevant
articles using appropriate keywords in various
databases and online search tools. The chosen ar-
ticles were compared, and a third reviewer was
brought in if there was a dispute.
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Figure 1. PRISMA checklist representing a selection of articles for this systematic review.

After choosing the articles, the same two re-
viewers independently extracted the following
data: author, year of publication, country, kind of
publication, study topic, population demograph-
ics (n, age), outcome measure(s), relevant result(s),
and conclusion(s). Finally, the data were com-
pared, and any differences were discussed with a
third reviewer.

Risk of Bias Assessment

The JBI systematic review appraisal tool'® was
used for assessing the risk of bias in our systemat-
ic review. For the critical evaluation of systematic
reviews or umbrella reviews (reviews of reviews)
used to guide practice decisions, this checklist

was created in 2017. The items mentioned in the
checklist have enabled the reviewers to mark each
one as unclear, applicable or not applicable. The
reviewers chose to include, exclude, or seek fur-
ther material in their overall evaluation of the pa-
per they are reading based on the facts provided.

Statistical Analysis

Revman 5 software (Review Manager Web,
The Cochrane Collaboration, Copenhagen, Den-
mark) was used in this meta-analysis. The pooled
prevalence of stroke incidents was used by com-
puting Cohen’s d and weighing the risk rate in re-
cruited studies. Random effect model was applied
for calculating the odd ratios and F test was ap-
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plied for heterogeneity. Linear regression test of
funnel plot asymmetry was used to evaluate the
publication bias. Egger regression analysis was
used to find out any bias and the p-value <0.05
was considered statistically significant.

Results

We included 12 related articles from the year
2004 to 2022. Five studies were conducted in the
United States of America!®?>?2528 three were
from Germany'?*?*, three were from Korea!s21->7,
and one was conducted on the Poland* popula-
tion. Two recruited studies were prospective!’?, 9
were retrospective!®!%222 and one was unclear?'.
These 12 studies contained 26,276,857 partici-
pants. Out of these, 4,297 were affected by reti-
nal artery occlusion. The largest sample size was
reported in French et al” study, which included
participants from national Medicare institutions.
These studies incorporated patients of the age
group 18-100 years. In 11 studies, subtypes of ret-
inal artery occlusion were identified!’2>2"2, while
one study compared their results with the control
group?. The inclusion criteria of studies involved
neurologically symptomatic and asymptomatic
cases and following the stroke guidelines provid-
ed by the American stroke association. In seven
studies!®1%2022.24.232T MV vision palette test was
performed within 7 days, while fluorescein angi-
ography was conducted in two studies*?¢. In 10
studies!”18:19:2021.22.23.25.27.28 g cyte stroke cases were
accessed via DW-MRI, while four studies?+26-27:28
had unclear information. While assessing the
neurological symptoms, only a single study'®
identified this variable (Table I).

A study by Roskal-Watek et al* reported sim-
ilar stroke incidents in hypertension enhanced
the risk of stroke before and after RAO patients
having a history of RAO than controls without
any significant difference between both groups
(p-value=0.567). During a 12-year follow-up,
they observed no difference in incidents of isch-
emic stroke and all-cause mortality after an epi-
sode of RAO. Their Kaplen analysis shows a di-
vergence of the curves. Tyler et al*’ reported 15%
of strokes in the RAO group. They evaluated high
exposure to hypertension, ischemic heart disease,
atrial fibrillation, diabetes mellitus, chronic re-
nal disease, and hyperlipidemia in RAO patients.
The univariate analysis shows an increased risk
of stroke during the <10-year follow-up (HR,
1.78; 95% CI, 1.32-2.41). In their study, increasing
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age was the major risk factor for stroke in RAO
patients. They observed 38.9 cases of stroke per
1,000 person-years in ROA patients. Patients<65
years show a greater risk of stroke. Meanwhile, a
study by French et al’? diagnosed 49 CRAO cases
with stroke in six months. In a study by Lavin
et al®, 37.3% of cases reported acute stroke out
of 103 CRAO cases. Golsari et al?® revealed ICA
stenosis >50% ipsilateral to retinal ischemia in 19
patients. In their study, ICA was the silent factor
of brain infarction. In Zhang et al?®, the stroke ra-
tio was reported as 19.3%, while Lauda et al** re-
ported 23% incidents of stroke. Comparing these
results with Laczynski et al® study, they only
had 2.3% incidents of acute stroke. Hong et al*!
reported 8.6% of incidents, while Choo et al**re-
ported 2.2% of stroke incidents.

Meta-Analysis

For the meta-analysis, the pooled prevalence of
stroke incidents was used by computing Cohen’s
d and weighing the risk rate in recruited studies.
We used a random effect model for calculating
the odd ratios. Then 7 test was applied for het-
erogeneity. We observed 2% heterogeneity among
studies indicating the variations in methodology
and small sample size selection (Figure 2). One
large cohort of French studies was extracted from
the meta-analysis to formulate the results. All
the studies reported a positive correlation. We
observed a weak correlation between stroke risk
and retinal artery occlusion in the study of Tyler
et al?’, Callizo et al”, Zhang et al*%, Lavin et al®,
French et al”, and Lauda et al** (r=0.001, 0.01,
0.02, 0.05, 0.001, and 0.016 respectively). Howev-
er, the remaining studies show a strong positive
correlation between both variables. Egger regres-
sion analysis shows no biases as the p-value was
greater than 0.05 (Egger regression test result:
t=0.38, df=8, p-value=0.7130).

Discussion

A study based on administrative data'? provid-
ed a stroke incidence estimate for patients with
acute retinal artery occlusion of 1%, while a clin-
ical investigation** reported a stroke incidence
estimate of 37%'*20242528 Numerous factors, in-
cluding the case definition and diagnostic imag-
ing, may be responsible for this variation. Greater
clinical significance would result from under-
standing this rate better. In addition, it would be
beneficial to address the issue of the urgent need
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Table I. Demographic characteristics, study descriptions, and design of the investigations selected for our systematic review.

Author Region Study Total number Age Disease Acute ischemia dw-MRI Neurologic
(Year) design of participants on dw-MRI features symptoms
Callizo et al (2017)" Germany  Prospective 77 24-75 77 CRAO 3 CRAO ICA stenosis >70% Not mentioned
Cho et al (2016)"® Korea Retrospective 46 18-92 46 cases of BRAO 3 cases of BRAO 7.8% ischemic stroke Not mentioned
French et al (2018)" USA Retrospective 26,275,521 - 3,338 cases of CRAO 49 CRAO cases Not mentioned Not mentioned
reported stroke
Golsari et al (2017)* Germany  Prospective 112 59-75 69 cases of CRAO 13 cases of CRAO and  70.6% ipsilateral to the Not mentioned
8 cases of BRAO 2 cases of BRAO involved eye,
Ho-Hoong et al (2017)*'  Korea Unclear 151 60.8+15.3 119 cases of CRAO 119 CRAO 6.6% ipsilateral to the RAO, Not mentioned
32 cases of BRAO 32 BRAO 8.6% ischemic stroke
Kevin et al (2021)* USA Retrospective 89 46-100 CRAO - 2.2% ischemic stroke, Not mentioned
1.1% hemorrhage stroke
2.2% TIA
Laczynski et al (2020  USA Retrospective 221 66.1+15.1 100 CRAO Not mentioned >50% carotid stenosis Not mentioned
109 BRAO 2.3% stroke
Lauda et al (2015)* Germany  Retrospective 213 57-83 101 cases of CRAO 26 cases of CRAO 55% ipsilateral to the involved ~Shown in 3 cases
44 cases of BRAO 15 cases of BRAO eye, single vascular territory ~ of CRAO and
65.3%, an average of three 1 case of BRAO
lesions per patient
Lavin et al (2018)* USA Retrospective 67 65.1£12.8 67 cases of CRAO 25 cases 76% ipsilateral to involved eye  Not mentioned
Roskal-Walek Poland Retrospective 139 - 139 cases of ROA 14 cases Not mentioned Not mentioned
et al (2022)* compared with the
control group
Tyler et al (2016)*’ Korea Retrospective 401 <50to>80 119 CRAO 62 cases of RAO Not mentioned Not mentioned
nationwide 32 cases of BRAO
Zhang et al (2018)* USA Retrospective 41 64.5+13.5 12 cases of CRAO 4 cases of CRAO and Not mentioned Not mentioned

5 cases of BRAO

2 cases of BRAO

*CRAO: central retinal artery occlusion; BRAO: Branch retinal artery occlusion; dw-MRI: Diffusion-weighted.
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for a neurological examination, allowing for im-
proved illness management. Atrial fibrillation
(AF) is more common in patients with CRAO
than in controls which are age- and sex-matched?,
and CRAO predicts a greater risk of recurrent
stroke in patients who already have AF*. A high-
er chance of finding AF in patients with CRAO is
linked to longer cardiac monitoring?'.

According to a recent meta-analysis by Zhou
et al*?, individuals with retinal artery occlusion
have a twofold increased risk of cerebrovascular
disorders compared to controls. Zhou et al** anal-
ysis did not rely on neuroimaging to identify the
event an acute stroke occurs, and the interval be-
tween retinal artery closure and stroke onset was
not taken into account. Despite having different
control groups and populations (South Korean
vs. US Medicare population), two sizable popula-
tion-based studies found a statistically significant
increase in the risk of stroke after CRAQO, with an
incidence ranging between 1.2 and 2.2% during
the first seven days after CRAO"™". Two previous
studies*** were based on administrative data-set
reviews, so miscoding issues may have affected
the results. In addition, regardless of symptoms,
the lack of dw-MRI in all patients with CRAO
did not allow the identification of silent ischemia,
potentially underestimating its incidence. These
factors may account for the lower brain ischemia
incidence compared with our results.

Additionally, the absence of a control group in
the studies included in this meta-analysis may have
been a source of bias, which could have affected the
findings. Given the remarkable ability dw-MRI has
to analyze early ischemic damage in the brain, with
a sensitivity and specificity totaling 88-100% and
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Figure 2. Fixed effect forest plot
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95-100%, respectively***, an overestimation of the
event, however, seems unlikely. Additionally, MRIs
performed within 7 days following MVL revealed
evidence of acute cerebral infarction in up to 90%
of individuals who did not exhibit any neurological
symptoms®®. The majority of ischemic cerebral in-
farctions caused by MVL are hence clinically silent.
As a secondary result, we looked into the combined
incidence of acute stroke in asymptomatic patients.
The EXPRESS trial*® and SOS-TIA study®’ showed
that early diagnosis and fast treatment after tran-
sient ischemic attack and small stroke significantly
(by 80%) decreased the risk of subsequent stroke.
Similarly, we advise immediate brain imaging for
patients with acute retinal artery occlusion under the
supervision of a neurologist. Since the financial bur-
den of referring these patients urgently to the emer-
gency department or stroke center is outweighed
by the economic and social costs produced by the
disability and long-term care of stroke, this man-
agement may reduce the risk of stroke recurrence
and would obviously benefit both the patient and the
health care system™®,

On the one hand, Hayreh' claimed that immedi-
ate neurologic testing in patients with acute CRAO
was pointless and expensive. The same author in
another study® concluded that brain MRI was un-
helpful in absence of neurological symptoms. By
contrast, Arnold et al*’ advocated for a different
strategy for treating acute CRAQ, stating that there
was a high chance of developing an asymptomatic
acute ischemic stroke and that patients should be
referred to a stroke unit or emergency room right
away. According to the most recent American
Academy of Ophthalmology recommendations'?,
individuals with acute CRAO must be transported
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immediately to a stroke center or emergency room,
and a neuroimaging examination must be com-
pleted within 24 hours’. However, clinical practice
surveys revealed that 35% of ophthalmologists ur-
gently referred CR AO patients to the ER*#*, while
more than 80% of retina specialists recommended
an outpatient workup®.

Although the likelihood of stroke after retinal
artery closure is well established, estimates of its
occurrence are still disputed*. Unquestionably, a
greater comprehension of the frequency of acute
stroke within 7 days of an ischemic MVL diagnosis
would reflect the clinical importance of the problem
and, as a result, would help determine which strate-
gy could be appropriate. Quite peculiarly, according
to a survey of adults with normal vision assessing
patients’ preferences for the treatment of RAO, 39%
of those adults would be willing to accept a small
risk of stroke, and 37% would even be willing to
accept a small risk of death to triple the likelihood
of recovering 20/100 visual acuity in one eye when
the unaffected eye is sighted**. If there is no sighted-
ness in the unaffected eye, more than 80% of people
would be willing to accept these risks*.

Regarding limitations, the studies selected for
our systematic review and subsequent meta-anal-
ysis showed a 2% heterogeneity, reflecting differ-
ent methodologies and choices for small sample
sizes. As a result, confounding and bias (such
as selection or misclassification bias) may have
been introduced. Also, there were few trials?2¢
that comprised comparatively few patients. Only
two!7% of the investigations were prospective;
the others were retrospective, and all the studies
lacked controls. The presence of bias in the data
is still unclear due to the lack of a control group,
which does not clarify whether any variable may
have impacted them. Nevertheless, because they
all used dw-MRI, all of the included investiga-
tions exhibited equivalent techniques.

Conclusions

Our analysis demonstrates that those with
RAO have a noticeably higher chance of expe-
riencing an acute stroke than people without
RAO. Furthermore, compared to people without
RAO, patients with RAO, especially those under
75 years old, have a markedly increased risk of
having an acute stroke following an occlusion ep-
isode. However, given that only a small number
of the studies in our review did not show a clear
correlation between the two, we believe more re-

search is required to conclusively link RAO and
the prevalence of acute stroke. This will allow for
the development of a treatment strategy that may
include prompt referral to the emergency room or
stroke unit for neurological assessment and brain
imaging as part of the clinical management of
RAO.
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