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ORIGINAL RESEARCH

Retinal Ischemic Perivascular Lesions in 
Individuals With Atrial Fibrillation
Christine Y. Bakhoum , MD, MAS; Samantha Madala , MD; Leonardo Lando , MD; Adeleh Yarmohammadi, MD;  
Christopher P. Long , MD; Sofia Miguez , BA; Alison X. Chan, MD; Maxwell Singer , MD; Andrew Jin, MD; 
Ben J. Steren , BS; Fatemeh Adabifirouzjaei , MD; Michael H. Goldbaum , MD; Anthony N. DeMaria , MD; 
David Sarraf, MD; Mathieu F. Bakhoum , MD, PhD

BACKGROUND: We previously demonstrated that retinal ischemic perivascular lesions (RIPLs), which are indicative of ischemia in 
the middle retina, may be a biomarker of ischemic cardiovascular disease. In this study, we sought to determine the relation-
ship between RIPLs and atrial fibrillation, a common source of cardiac emboli.

METHODS AND RESULTS: In this case- control study, we identified individuals between the ages of 50 and 90 years who had un-
dergone macular spectral domain optical coherence tomography imaging. Individuals with atrial fibrillation were identified, and 
age-  and sex- matched individuals from the same pool, but without a diagnosis of atrial fibrillation, were selected as controls. 
Spectral domain optical coherence tomography scans were reviewed by 3 independent and masked observers for presence 
of RIPLs. The relationship between RIPLs and atrial fibrillation was analyzed using multivariable logistic regression models. 
There were 106 and 91 subjects with and without atrial fibrillation, respectively. The percentage of subjects with RIPLs was 
higher in the atrial fibrillation group compared with the control group (57.5% versus 37.4%; P=0.005). After adjusting for age, 
sex, smoking history, hypertension, diabetes, coronary artery disease, carotid stenosis, stroke, and myocardial infarction, the 
presence of RIPLs was significantly associated with atrial fibrillation, with an odds ratio of 1.91 (95% CI, 1.01– 3.59).

CONCLUSIONS: RIPLs are significantly associated with atrial fibrillation, independent of underlying ischemic heart disease or 
cardiovascular risk factors. This association may inform the diagnostic cardiovascular workup for individuals with RIPLs inci-
dentally detected on optical coherence tomography scan of the macula.

Key Words: atrial fibrillation ■ optical coherence tomography ■ retina ■ retinal ischemic perivascular lesions

Retinal ischemic perivascular lesions, or RIPLs, 
represent focal atrophy of the middle retina or 
inner nuclear layer. These lesions are a legacy of 

paracentral acute middle maculopathy (PAMM), which 
is thought to occur because of the preferential sus-
ceptibility of the inner nuclear layer, at the level of the 
deep capillary plexus, to ischemia.1,2 Retinal hypoper-
fusion may occur secondary to a decrease in afferent 
blood flow into the retinal capillary plexus in patients 
with various disorders, such as low ejection fraction, 
carotid artery stenosis, thrombi or emboli formation, or 

vascular stasis, all of which have been associated with 
PAMM.2– 5 Therefore, the eye may manifest the earliest 
evidence of ischemia because of systemic disease at 
the level of the middle retina, which is exquisitely sensi-
tive to subtle changes in blood flow.

Although both PAMM and RIPLs can be readily vi-
sualized in a noninvasive manner, using spectral do-
main optical coherence tomography (SD- OCT) scans, 
only RIPLs are permanent. Hyperreflective PAMM 
lesions are transient and usually resolve within a  
6- week period but leave a legacy of inner nuclear layer 

Correspondence to: Mathieu F. Bakhoum, MD, PhD, Department of Ophthalmology and Visual Science, Yale University School of Medicine, 300 George St, 
Room 8107B, New Haven, CT 06511. Email: mathieu.bakhoum@gmail.com and Christine Y. Bakhoum, MD, MAS, Department of Pediatrics, 333 Cedar St, 
3086 LMP, New Haven, CT 06520. Email: christine.bakhoum@yale.edu

This article was sent to Neel S. Singhal, MD, PhD, Associate Editor, for review by expert referees, editorial decision, and final disposition.

For Sources of Funding and Disclosures, see page 5.

© 2023 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0002-7077-5472
mailto:
https://orcid.org/0000-0003-0677-9716
https://orcid.org/0000-0002-0402-2704
https://orcid.org/0000-0001-7803-2596
https://orcid.org/0000-0003-3912-1996
https://orcid.org/0000-0001-9583-3846
https://orcid.org/0000-0003-0598-3467
https://orcid.org/0000-0001-8521-8911
https://orcid.org/0000-0002-7721-2736
https://orcid.org/0000-0002-8944-397X
https://orcid.org/0000-0001-8989-8205
mailto:
mailto:mathieu.bakhoum@gmail.com
mailto:christine.bakhoum@yale.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2023;12:e028853. DOI: 10.1161/JAHA.122.028853 2

Bakhoum et al RIPLs in Individuals With Atrial Fibrillation

thinning, with a compensatory expansion of the Henle 
fiber layer. Therefore, RIPLs represent an actionable 
imaging biomarker that can be harnessed to detect 
ischemia in the retina. Optical coherence tomography 
(OCT) is a ubiquitous tool with fast image acquisition. 
The detection of RIPLs with OCT is a simple process 
that might have ramifications beyond the eye clinic. 
RIPL detection may provide an entry point for general 
medical practice in the management of cardiovascular 
health and may help identify those who would benefit 
from additional and targeted diagnostic testing. For in-
stance, in a case series, 8 of 11 subjects (72.7%) with 
incidental RIPLs were newly diagnosed with cardio-
vascular disease on further evaluation by their primary 
care provider.6 This was prompted by RIPL detection. 
As such, it is important to identify the different sys-
temic cardiovascular conditions that are associated 
with RIPLs.

In a case- control study, RIPLs were significantly as-
sociated with ischemic heart disease, even after ad-
justment for important confounders.7 Coronary artery 
disease may coexist with other cardiovascular condi-
tions, which can also lead to retinal hypoperfusion. One 
common comorbidity is atrial fibrillation, as between 
17% and 46% of patients with atrial fibrillation also have 
coronary artery disease.8 Atrial fibrillation is a disorder 

of the heart rhythm and may lead to blood stasis and 
emboli formation.9 Individuals with atrial fibrillation are 
at 5 times greater risk for stroke, compared with the 
general population, a risk that can be mitigated using 
anticoagulation.10 Therefore, prompt detection of atrial 
fibrillation, before the development of disease se-
quelae, is important. In the present study, we sought 
to determine whether RIPLs are associated with atrial 
fibrillation, independent of underlying ischemic heart 
disease. Identifying whether this association exists is 
important, as it may help inform practitioners on the 
appropriate medical evaluation needed for a patient 
who presents to the ophthalmology clinic and is inci-
dentally found to have RIPLs on OCT.6

METHODS
This was a case- control study that adhered to the ten-
ets of the Declaration of Helsinki and was conducted in 
accordance with the regulations of the Health Insurance 
Portability and Accountability Act. Institutional review 
board approval for retrospective medical record re-
view was obtained from the University of California 
San Diego Health System (institutional review board 
number 191 994). The need for informed consent was 
waived because of the retrospective nature of the 
study. The data that support the findings of this study 
are available from the corresponding author on rea-
sonable request.

We identified individuals who were between 50 and 
90 years of age and who underwent macular SD- OCT 
scanning between January 1, 2018 and December 31, 
2020 for various clinical indications. At our institution, 
the vast majority of patients evaluated in ophthalmol-
ogy clinics have an OCT scan performed as part of 
the routine clinical evaluation and workflow. Exclusion 
criteria included any evidence of retinal vascular oc-
clusion (including branch and central retinal artery or 
vein occlusion), and any history of retinal laser, intrav-
itreal injection, and/or pars plana vitrectomy. We then 
identified subjects with atrial fibrillation, based on the 
International Classification of Diseases, Tenth Revision 
(ICD- 10), diagnostic code I48, who also had a cardiac 
rhythm monitor (Current Procedural Terminology code 
93224- 9 or 33285- 6) recorded. These subjects were 
selected as cases. Frequency matching was used to 
select controls. Controls included individuals who were 
age and sex matched from the same pool, but without 
a diagnosis of atrial fibrillation. The medical records of 
both the atrial fibrillation and control groups were indi-
vidually reviewed to confirm the presence or absence 
of atrial fibrillation. In addition, using electronic health 
record review, baseline characteristics were recorded, 
including age, sex, smoking status, diagnosis of hy-
pertension, diabetes, coronary artery disease, carotid 

CLINICAL PERSPECTIVE

What Is New?
• In this case- control study, the presence of retinal 

ischemic perivascular lesions was significantly 
associated with atrial fibrillation, independent 
of underlying ischemic heart disease and other 
cardiovascular risk factors.

What Are the Clinical Implications?
• This may help inform the cardiovascular workup 

of patients incidentally found to have retinal is-
chemic perivascular lesions on optical coher-
ence tomography scans.

• Future prospective studies are needed to con-
firm this association and determine the timing 
of development of retinal ischemic perivascular 
lesions in patients with atrial fibrillation.

Nonstandard Abbreviations and Acronyms

PAMM paracentral acute middle maculopathy
RIPL retinal ischemic perivascular lesion
SD- OCT spectral domain optical coherence 

tomography
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stenosis, stroke, and myocardial infarction. The mac-
ular SD- OCT scans were reviewed, and subjects with 
any macular pathologic condition, other than RIPLs, 
were excluded. Poor quality scans, in which the indi-
vidual layers of the retina were indiscernible because of 
media opacity, were also excluded.

RIPL Grading
All SD- OCT scans that were included and reviewed in 
this study were acquired on a Spectralis SD- OCT ma-
chine (Heidelberg Engineering, Heidelberg, Germany) 
as part of the routine retinal examination. RIPLs were 
identified using the previously published criteria.7 
Briefly, individual b- scans were reviewed by 3 inde-
pendent and masked observers, and an RIPL was de-
fined by the presence of focal atrophy or thinning of 
the inner nuclear layer with a compensatory expansion 
of the outer nuclear layer (Figure). A consensus be-
tween all 3 observers was required to identify an RIPL. 
Subjects were classified into 2 groups, those with and 
without RIPLs.

Statistical Analysis
Baseline characteristics of subjects are described 
using mean and SD for continuous variables and fre-
quency with percentage for categorical variables. 
Demographics were compared for cases and controls 

using the Pearson χ2 test for categorical variables and 
the Student t test for continuous variables. We used 
univariable and multivariable logistic regression models 
to evaluate the relationship between RIPLs and atrial 
fibrillation. Covariates included age, sex, smoking sta-
tus, hypertension, diabetes, coronary artery disease, 
carotid stenosis, stroke, and myocardial infarction. All 
statistical analyses were performed using SPSS ver-
sion 28.0 (SPSS Inc, Armonk, NY).

RESULTS
We identified 106 subjects with atrial fibrillation and 
91 subjects without atrial fibrillation as controls. The 
number of controls was lower than cases, as 15 con-
trols were excluded because of either other macular 
pathologic findings or poor quality OCT scan. Baseline 
characteristics for cases and controls are shown in 
Table 1. The mean age was 72.5 (SD, 7.8) years and 
70.6 (SD, 7.4) years for cases and controls, respec-
tively (Table 1). Women comprised 47.2% and 48.4% 
of the case and control groups, respectively (Table 1). 
There was no difference between both groups in terms 
of age and sex distribution (Table  1). A significantly 
greater proportion of cases had hypertension (77.4%) 
and stroke (12.3%) compared with controls (66.2% 
and 1.1%, respectively) (Table 1). In addition, 37.7% of 
cases had coronary artery disease, compared with 

Figure. Spectral domain optical coherence tomography b- scan demonstrating a retinal ischemic 
perivascular lesion (RIPL) in an individual with atrial fibrillation.
The RIPL (red box) is present between 2 retinal vessels (green arrows).
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19.8% of controls (Table 1). There was no difference 
in prevalence of diabetes between the 2 groups. The 
percentage of subjects with RIPLs was higher in the 
atrial fibrillation group compared with the control group 
(57.5% versus 37.4%; P=0.005).

In a multivariable logistic regression model adjusted 
for age and sex, the presence of RIPLs was signifi-
cantly associated with atrial fibrillation, with an odds 
ratio (OR) of 2.19 (95% CI, 1.21– 3.97; P=0.009). After 
adjusting for additional covariates, including smoking 
history, hypertension, diabetes, coronary artery dis-
ease, carotid stenosis, stroke, and myocardial infarc-
tion, the presence of RIPLs continued to be associated 
with atrial fibrillation, with an OR of 1.91 (95% CI, 1.01– 
3.59; Table 2).

DISCUSSION
In this case- control study, we identified a significant as-
sociation between RIPLs and atrial fibrillation that was 
independent of underlying ischemic heart disease. 
Atrial fibrillation is a cardiac arrhythmia that is prevalent 
in the adult population and increases in prevalence with 
age.9 The lifetime risk of atrial fibrillation is estimated to 
be ≈1 in 4 individuals.11,12 Because of the increasing 
proportion of elderly people within the population, it is 
projected that the prevalence of atrial fibrillation is likely 
to increase 2.5- fold over the next 50 years.13 A study 

from 2011 estimated the national incremental cost of 
atrial fibrillation to be $26 billion, accounting for 3.2 mil-
lion hospital days.14 Individuals with atrial fibrillation are 
at a higher risk for developing thromboembolic events, 
including cerebral strokes, as well as other comorbidi-
ties, such as heart failure, cognitive decline, and de-
cline in kidney function.9,15– 17 Approximately 0.7 million 
(13%) of the 5.3 million cases of atrial fibrillation in the 
United States may be undiagnosed.18

In this study, we identified that a subclinical bio-
marker of retinal ischemia, RIPL, is significantly as-
sociated with atrial fibrillation, independent of other 
comorbidities. The pathogenesis of RIPL attributable 
to atrial fibrillation may be the result of hypoperfu-
sion of the deep retinal capillary plexus, which is at 
greater risk of ischemia compared with the superficial 
capillary plexus.1 Retinal capillary hypoperfusion may 
develop secondary to microemboli formation or re-
duced cardiac output. We had previously established 
a relationship between RIPLs and ischemic heart dis-
ease,7 and here we establish a relationship between 
RIPLs and atrial fibrillation, a major source of emboli 
formation.

We do not suggest that the identification of this bio-
marker would be more feasible than screening for atrial 
fibrillation using ECG; however, if RIPLs are identified 
in an individual without known cardiovascular disease 
on routine examination with an ophthalmologist, our 
data would suggest that a broad cardiac evaluation 
may be warranted. This is further supported by our 
previous findings, which also show an independent 
association between RIPLs and ischemic heart dis-
ease.7 Conversely, a patient with atrial fibrillation who is 
found to have RIPLs may not necessarily benefit from 
additional cardiovascular workup. Further studies are 
needed to evaluate whether the presence of RIPLs may 
aid in risk stratification of patients with atrial fibrillation, 

Table 1. Baseline Characteristics of the Study Cohort

Characteristic

Control 
group 
(n=91)

Atrial 
fibrillation 
group (n=106) P value

Age, y 70.6 (7.4) 72.5 (7.8) 0.08

Female sex 44 (48.4) 50 (47.2) 0.90

Race <0.001*

White 64 (70.3) 78 (73.6)

Asian 15 (16.5) 11 (10.4)

Black 1 (1.1) 3 (2.8)

Multiracial 6 (6.6) 12 (11.3)

Other† 5 (5.5) 2 (1.9)

Hypertension 57 (62.6) 82 (77.4) 0.02*

Diabetes 29 (31.9) 42 (39.6) 0.30

Coronary artery disease 18 (19.8) 40 (37.7) 0.006*

Positive smoking history 
(n=191)

40 (47.1) 37 (34.9) 0.09

Carotid stenosis 7 (7.7) 12 (11.3) 0.39

Stroke 1 (1.1) 13 (12.3) 0.002*

Myocardial infarction 3 (3.3) 8 (7.5) 0.20

RIPLs 34 (37.4) 61 (57.5) 0.005*

Mean (SD) reported for age. Frequency (percentage) reported for other 
variables. RIPL indicates retinal ischemic perivascular lesion.

*The asterisks are to indicate the P- values that are <0.05.
†Native Hawaiian or other Pacific Islander or unknown race.

Table 2. Multivariable Logistic Regression Model 
Evaluating the Relationship Between Presence of ≥1 RIPLs 
and a Diagnosis of Atrial Fibrillation

Variable OR (95% CI) P value

RIPL(s) 1.91 (1.01– 3.59) 0.046*

Age (per year) 1.02 (0.98– 1.07) 0.36

Male sex 0.67 (0.34– 1.31) 0.24

Hypertension 1.51 (0.73– 3.14) 0.27

Diabetes 0.94 (0.47– 1.87) 0.86

Coronary artery disease 2.18 (0.97– 4.88) 0.058

Positive smoking history 0.54 (0.29– 1.03) 0.062

Carotid stenosis 1.14 (0.38– 3.44) 0.82

Stroke 7.92 (0.99– 63.6) 0.052

Myocardial infarction 1.41 (0.25– 8.0) 0.70

OR indicates odds ratio; and RIPL, retinal ischemic perivascular lesion.
*The asterisk is to indicate the p-values that are <0.05.
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to help determine who may benefit from more aggres-
sive medical management.

Our study has limitations to note. First, because 
of the cross- sectional nature of our analysis, we can-
not infer causality. Although we hypothesize about 
the pathophysiological features underlying RIPLs, we 
cannot determine whether RIPLs are a direct conse-
quence of emboli formation or reduced cardiac out-
put secondary to atrial fibrillation. Second, our study 
is prone to selection bias. Subjects who were selected 
for inclusion in our study must have had an OCT scan 
performed. These scans are performed routinely in an 
ophthalmology clinic, so a subject must have sought 
care at an eye clinic. However, because controls were 
selected from the same pool as cases, this should not 
affect the outcomes of our primary analyses. Third, 
RIPL detection as a biomarker of retinal ischemia re-
lies on OCT, which does not provide information about 
vascular anatomic features. OCT angiography can 
provide this information. However, OCT scans are 
more widely used than OCT angiography scans and 
are a more practical and accessible imaging modality. 
Microvascular capillary loss in PAMM has been previ-
ously documented using OCT angiography scans.19,20 
Fourth, given the relatively small number of covariates 
in our models, there is potential residual confounding. 
In addition, there was a trend toward younger age 
in controls compared with cases, although this was 
not statistically significant. We adjusted for age in our 
models, but there remains potential for residual con-
founding, which may lead to an overstated association. 
Finally, our study is a single- center study of modest 
size, with 72% of patients identifying as White race, 
and thus, larger studies in more robust and diverse co-
horts are needed to ensure the generalizability of our 
findings.

In conclusion, we identified that RIPLs, which are 
anatomic biomarkers of subclinical ischemia, are sig-
nificantly associated with atrial fibrillation, independent 
of other underlying cardiovascular disease. This infor-
mation may help guide the medical management of 
patients with RIPLs incidentally detected on macular 
OCT. Future prospective studies are needed to confirm 
the association between RIPLs and atrial fibrillation 
and to determine whether the degree of RIPL burden 
may be correlated with overall cardiovascular disease 
risk in these patients.
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