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Atrial fibrillation (AF) is the most common disor-
der of the heart rhythm in adults.1 A commonly 
used tool to identify individuals with AF who are 

at greatest risk of developing strokes is the CHA2DS2-
VASc score.2 Although currently recommended by 
guidelines, it has modest discrimination for stroke in 
patients with AF.3 As such, the development of novel 
markers and screening tools is necessary to improve 
tailored anticoagulation strategies.

Patients with AF are also at risk of developing reti-
nal vascular occlusions. Besides retinal artery and vein 
occlusions, there is evidence of subclinical retinal isch-
emia in individuals with AF.4 We recently demonstrated 
that retinal ischemic perivascular lesions (RIPLs), which 
are anatomical biomarkers of subclinical retinal isch-
emia,5 are significantly associated with AF.4 RIPLs are 
observed at the outer plexiform layer of the retina and 
represent aftereffects of previous microinfarcts arising 
from ischemia or microemboli. Here, within a cross-
sectional cohort of individuals with AF, we sought to 
determine whether the presence of RIPLs is associ-
ated with ischemic stroke. We examined whether the 
addition of RIPLs to the CHA2DS2-VASc score would 
improve discrimination of patients who have stroke.

This is a retrospective, cross-sectional study that 
adhered to the tenets of the Declaration of Helsinki. 
Institutional review board approval was obtained from 
Yale University, the University of California San Diego 
(UCSD), and the University of California Los Angeles 
(UCLA). Informed consent was not required. The data 
that support the findings of this study are available from 
the corresponding author upon reasonable request. We 
identified patients through Epic’s Slicer Dicer tool using 
International Classification of Diseases, Tenth Revision 
(ICD-10), codes of AF (I48.0–I48.4, I48.91–I48.92) and 
presence of a macular optical coherence tomogra-
phy scan. We included patients who were aged 50 to 
90 years. Exclusion criteria included a history of retinal 
vessel occlusions, diabetic retinopathy, pars plana vit-
rectomy, retinal laser photocoagulation, or intravitreal 
injections. Additional exclusion criteria were macular 
pathology on optical coherence tomography  such 
as significant epiretinal membrane, advanced mac-
ular degeneration, or choroidal neovascularization. 
Individuals with poor-quality scans were excluded. We 
also excluded individuals with transient ischemic at-
tack based on chart review, given we did not have a 
specialist for adjudication of these cases. Scans were 
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reviewed for RIPLs by three independent and masked 
observers. A consensus agreement was required to 
document RIPLs within each patient. Because this 
is a cross-sectional study evaluating stroke as the 
outcome, we calculated a modified CHA2DS2-VASc 
score, which we termed CHA2D-VASc, in which we ex-
cluded history of stroke, transient ischemic attack, or 
thromboembolism as a risk factor. Firth bias-reduced 
multivariable logistic regression model was utilized to 
evaluate the relationship between RIPLs and stroke, 
after adjustment for CHA2D-VASc score. All statisti-
cal analyses were performed using R version 4.2.2 (R 
Foundation for Statistical Computing).

We identified 169 individuals with AF who met all 
criteria. Within the cohort, 67 patients (39.6%) had 
RIPLs. There were 21 patients overall (11.8%) who 
had a history of stroke. Patients with stroke had sig-
nificantly higher rates of hypertension (95.2% versus 
71.6%, P=0.016) and a RIPL diagnosis (61.9% versus 
36.5%, P=0.03) compared with those without stroke. 
Overall, 116 patients (68.6%) were undergoing antico-
agulation therapy, and there was no significant differ-
ence in anticoagulation use in those who did (66.7%) or 
did not (68.9%) have stroke.

In a univariable model, the presence of RIPLs was 
significantly associated with stroke (P=0.03), with an 
odds ratio (OR) of 2.75 (95% CI, 1.11–7.17). We then 
tested the association between RIPLs and stroke in 
a multivariable model that included CHA2D-VASc 
score (Table). We determined that each additional 
CHA2D-VASc point was associated with an OR of 
1.36 (95% CI, 0.96–1.96) of stroke and presence of 
RIPLs was associated with an OR of 2.59 (95% CI, 
1.04–6.79) of stroke (P=0.09 and P=0.04, respec-
tively). When combining the presence of RIPLs with 
CHA2D-VASc in a receiver operating curve analysis, 
the area under the curve in determining stroke was 
0.69, which was an increase from 0.61 when using 
CHA2D-VASc alone.

In this cross-sectional study, we identified that 
the presence of RIPLs was significantly associated 
with stroke in individuals with AF, after adjustment for 
established risk factors. The addition of RIPLs to a 
CHA2D-VASc score improved the area under the curve 
of the model for stroke. These findings suggest that 
the presence of subclinical retinal ischemia in patients 

with AF may indicate an increased risk of stroke. Our 
study has limitations to note. First, we conducted a 
retrospective, cross-sectional analysis, so we cannot 
determine whether RIPLs precede the development 
of stroke. In addition, the outcome of stroke was de-
termined through chart review and not adjudicated 
by a neurologist. Second, our sample size limits our 
ability to detect small effect sizes. Third, individuals in 
this analysis were followed at only 2 academic cen-
ters, which limits generalizability. Future, prospective 
studies are needed to validate the predictive ability of 
RIPLs as either a modifier or additional risk factor to the 
CHA2DS2-VASc score in diverse cohorts.
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