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A B S T R A C T

Background: Cardiovascular disease is the leading cause of mortality and disability worldwide. A noninvasive
test that can detect underlying cardiovascular disease has the potential to identify patients at risk prior to
the occurrence of adverse cardiovascular events. We sought to determine whether an easily observed imag-
ing finding indicative of retinal ischemia, which we term ‘retinal ischemic perivascular lesions’ (RIPLs), could
serve as a biomarker for cardiovascular disease.
Methods: We reviewed optical coherence tomography (OCT) scans of individuals, with no underlying retinal
pathology, obtained at UC San Diego Health from July 2014 to July 2019. We identified 84 patients with docu-
mented cardiovascular disease and 76 healthy controls. OCT scans were assessed for evidence of RIPLs. In
addition, the 10-year atherosclerotic cardiovascular disease (ASCVD) risk calculator was used to risk-stratify
the subjects into four different categories.
Findings: Patients with documented cardiovascular disease had higher number of RIPLs compared to healthy
controls (2.8 vs 0.8, p < 0.001). After adjusting for age, sex, smoking history, systolic blood pressure and tri-
glycerides, cholesterol and hemoglobin A1C levels, each RIPL was associated with an odds ratio of having car-
diovascular disease of 1¢60 (1.09�2>37). The number of RIPLs in individuals with intermediate and high 10-
year ASCVD risk scores was higher than in those with low ASCVD risk scores (1.7 vs 0.64, p = 0.02 and 2.9 vs
0.64, p 0.002, respectively).
Interpretation: The presence of RIPLs, which are anatomical markers of prior retinal ischemic infarcts, is sug-
gestive of coexisting cardiovascular disease. RIPLs detection, obtained from routine retinal scans, may thus
provide an additional biomarker to identify patients at risk of developing adverse cardiovascular events.
Funding: None.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Keywords:

RIPLs
Survival
Cardiovascular disease
Retina
Stroke
Optical coherence tomogrpahy
Imaging
ASCVD risk
akhoum).

Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
1. Introduction

Cardiovascular disease is the leading cause of mortality and dis-
ability worldwide [1,2]. It is also prevalent, affecting 9% of the popula-
tion over 20 years of age [1]. Patients with cardiovascular risk factors
can reduce their risk of developing adverse cardiovascular events
through lifestyle modification and medications [1,3]. Unfortunately
for many, the disease may go undiagnosed until the occurrence of
serious events such as myocardial infarction or stroke [4�6]. Identify-
ing biomarkers of subclinical ischemia can help identify patients with
occult cardiovascular disease.

Individuals with cardiovascular disease are prone to developing
retinal vascular occlusions [7�20]. The retina is a multi-layered neu-
ral tissue with a complex capillary network [21]. The superficial and
deep capillary plexuses provide oxygen to the inner and middle
thirds of the retina, respectively, while the outer third of the retina
receives its oxygen from the intensely oxygenated choriocapillaris. In
severe vascular occlusion, the inner two-thirds of the retina atro-
phies, whereas in small infarctions, such as paracentral acute middle
maculopathy, the middle retina is selectively affected [22�25].
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Research in context

Evidence before this study

We searched PubMed for articles published in English using the
following search terms, ‘retina’ ‘ischemia’, ‘occlusion’, ‘cardio-
vascular’ and ‘stroke’. Individuals with cardiovascular disease
have increased odds of developing retinal vascular occlusions.
We have previously demonstrated that the middle layer of the
retina is the layer that is most susceptible to ischemia. Ischemic
lesions in the middle retinal layers have been shown to occur in
different contexts of retinal ischemia, such as retinal artery and
vein occlusions, paracentral acute middle maculopathy, and
cotton wool spots, as well as in systemic hypertension.

Added value of this study

In this retrospective study we demonstrate that retinal ische-
mic lesions which we term ‘RIPLs’ are more common in individ-
uals with cardiovascular disease compared to those without.
Presence of these lesions was associated with increased odds of
cardiovascular disease, and their number positively correlated
with increased 10-year ASCVD risk.

Implications of all the available evidence

OCT scans are non-invasive tests that are routinely obtained in
ophthalmology clinics. Albeit subclinical, and only detected
using OCTs, RIPLs are prevalent in individuals with cardiovascu-
lar disease and may provide an additional biomarker to detect
the existence of occult cardiovascular disease.
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Noninvasive imaging technology is currently available to directly
visualize individual layers of the retina at sub-millimeter resolution
in vivo using spectral domain optical coherence tomography (SD-
OCT) [26]. These imaging devices are in widespread use in ophthal-
mology and optometry offices. Using this technology we can identify
abnormalities in retinal images indicative of ischemia [22,25,27,28].
On SD-OCT, small retinal infarctions manifest in the acute phase as a
hyperreflective perivenular band at the level of the inner nuclear
layer (INL) which ultimately atrophies [22�25,28�32]. These lesions
have been shown to occur in eyes with ischemia resulting from hypo-
perfusion or microemboli, such as retinal artery and vein occlusions,
hypertension, Purtscher retinopathy and sickle cell disease
[22,24,27,33]. High-resolution imaging of the retinal microvascula-
ture using OCT angiography demonstrates blood flow signal voids in
the acute phase, further supporting an ischemic etiology for these
lesions [23]. In this study we sought to determine whether these
lesions are prevalent in patients with cardiovascular disease and
whether this finding can predict the presence of this disorder.

2. Methods

2.1. Study participants

We reviewed the records of 13,940 individuals who had a macular
OCT scan at UC San Diego Health for different clinical indications
from July 1, 2014 to July 1, 2019. We excluded individuals who had a
prior diagnosis of any of the following: branch or central retinal vein
or artery occlusion, macular edema, diabetic retinopathy, intermedi-
ate or advanced dry age-related macular degeneration (AMD), wet
AMD or central serous chorioretinopathy, those with abnormal mac-
ular architecture, or poor quality SD-OCT scans and those who had
no primary care or cardiology visit at our institution in the last
5 years. We then sought to identify two groups after a thorough med-
ical chart review: one comprised of individuals with documented car-
diovascular disease and another consisting of healthy controls.
Subjects were classified in the cardiovascular group if they had a
diagnosis of CHD or stroke, or in the control group if they did not
have any of the following conditions: CHD, stroke, heart failure, atrial
fibrillation, hypertension, diabetes mellitus type 1 or 2, chronic
obstructive pulmonary disease or pulmonary hypertension. Subjects
in both groups had no confounding retinal pathologies (Fig. 1).

2.2. Image acquisition

All subjects in this study had a 6 £ 6 mm SD-OCT macular raster
scan consisting of 49 b-scans (optical cross sections). The OCT scan
was performed by an ophthalmic technician using a Spectralis SD-
OCT machine (Heidelberg Engineering, Heidelberg, Germany) as part
of the routine ophthalmic examination.

2.3. Image analysis

Individual layers of the retina can be visualized using SD-OCT
imaging (Fig. 2A). Contraction of the focal infarct in the INL is often
accompanied by a compensatory upward expansion of the darker
outer nuclear layer into the plane where the outer plexiform layer
would be expected, leading to a wavy appearance of the middle reti-
nal layers in OCT cross sections (Fig. 2B) [28]. A horizontal plane at
the level of the outer plexiform layer (OPL) extracted from a 3-
dimensional volume scan assembled from sequential b-scan slices
aids in the identification of these chronic lesions and demonstrates
their perivascular location (Fig. 2C). Hence, we term these lesions
‘Retinal Ischemic Perivascular Lesions’ (RIPLs). A ‘RIPL’ was defined by
the focal atrophy of the INL with a compensatory expansion of the
outer nuclear layer into the plane where the outer plexiform layer
would be expected, leading to a wavy appearance of the middle reti-
nal layers in OCT cross sections as shown in Fig. 2B. RIPLs in each B-
scan from the most recent SD-OCT scan were counted by two inde-
pendent and masked observers, and total number of RIPLs from both
eyes were reported per subject. For the en face OCT reconstruction
shown in Fig. 2C, scans were acquired using the Optovue SD-OCT
machine (Optovue, Fremont, California, USA).

2.4. Statistical analysis

All statistical analyses were performed using IBM SPSS version 26.
Intraclass correlation coefficient between observers was calculated
using a two-way mixed model for absolute agreement. When com-
paring variables between two or three groups, we utilized Student’s
t-test, and one-way ANOVA with Bonferroni correction, respectively.
Differences between groups were analyzed with Pearson-Chi Square
tests for categorical variables. Logistic regression models were used
to analyze odds ratios for outcomes with 95% confidence intervals.

2.5. Ethic statement

The study adhered to the tenets of the Declaration of Helsinki and
was conducted in accordance with the regulations of the Health
Insurance Portability and Accountability Act. Internal Review Board
(IRB) approval with a waiver of informed consent for retrospective
chart review was obtained from the University of California San
Diego Health System (IRB # 191,994).

Role of the funding Source: None.

3. Results

We identified 84 and 76 subjects with and without cardiovascular
disease, respectively.

Of the 160 subjects who met these criteria, we identified 26 with
stroke, 58 with CHD and 76 healthy controls (Fig. 1). Baseline charac-
teristics of the study cohort are shown in Table 1. Subjects with



Fig. 1. Flowchart of the method used in identifying healthy controls and patients with cardiovascular disease. Inclusion and exclusion criteria with numbers of participants are
included in each step. Initial selection was based on billing records and a thorough chart review was performed on the 160 patients identified to classify them into two groups.
Inclusion criteria for the cardiovascular disease group included a diagnosis of coronary heart disease (CHD) or stroke. To identify healthy controls we excluded individuals with any
of the following: a history of cardiovascular disease as defined above, atrial fibrillation, heart failure, hypertension, type 1 or 2 diabetes mellitus, chronic obstructive pulmonary dis-
ease, pulmonary hypertension or smoking. Additional exclusion criteria for both groups (cardiovascular and healthy controls) included a prior diagnosis of central retinal artery or
vein occlusion in either eye, macular edema, diabetic retinopathy, intermediate or advanced age-related macular degeneration, central serous chorioretinopathy, absence of a com-
plete macular scan, poor quality scan, abnormal macular architecture, or absence of a primary care or cardiology visit at the UC San Diego Health System within the last five years.
After excluding 13,780 patients, 160 met the inclusion criteria and their medical chart was reviewed. AMD, age-related macular degeneration; COPD, chronic obstructive pulmonary
disease.

C.P. Long et al. / EClinicalMedicine 33 (2021) 100775 3
cardiovascular disease were older than healthy controls (mean of
72.0 vs 65.2 years of age, p < 0.001). There were less females in the
cardiovascular disease group compared to the control group (51.2%
vs 72.4%, p = 0.01). There was no difference in race between both
groups (p = 0.61). The percentage of current or former smokers was
Fig. 2. RIPLs, biomarkers of retinal ischemia. A) Spectral domain optical coherence
tomography (SD-OCT) b-scan demonstrating an optical vertical cut of a normal eye);
RNFL, retinal nerve fiber layer; GCL, ganglion cell layer; INL, inner nuclear layer; ONL,
outer nuclear layer; RPE, retinal pigment epithelium. B) SD-OCT b-scan demonstrating
a RIPL (red box). There is focal contraction of INL (red arrowhead) accompanied by a
compensatory upward expansion of the darker outer nuclear layer (yellow line) into
the plane where the outer plexiform layer would be expected. C) An en face view, lim-
ited to the OPL, reconstructed from a 3-dimensional volume scan assembled from
sequential b-scans. The selected plane follows the curve of the OPL plane (green brack-
ets). Three RIPLs appear as dark spots (red arrowheads).
higher in the cardiovascular group compared to controls (35.7% vs
18.4%, p = 0.02). Compared to controls, subjects with cardiovascular
disease had higher levels of hemoglobin A1c (6.0% vs 5.5%, p = 0.001),
higher levels of triglycerides (137.7 mg/dL vs 105.3 mg/dL, p = 0.03),
lower levels of total cholesterol (164.1 mg/dL vs 197.1 mg/dL,
p < 0.001) and higher mean systolic blood pressure (125.5 vs
114.6 mmHg, p < 0.001).

The total number of RIPLs per patient was significantly higher in
the cardiovascular group compared to the control group (2.8 vs 0.8,
p < 0.001) (Fig. 3A). Intraclass correlation coefficient between both
observers was 0.65 (p < 0.001). Number of RIPLs in individuals with
CHD and stroke was 2.4 and 3.7 compared to 0.8 in controls (p = 0.01
and p < 0.001, respectively) (Fig. 3B). Out of 58 individuals with CHD,
there were 32 (55.2%) with myocardial infarction (Fig. 3C). Individu-
als with myocardial infarction had 3¢4 RIPLs compared to 1¢3 RIPLs in
those with CHDwithout myocardial infarction (p = 0.10) (Fig. 3C).

After adjusting for covariates which were significantly different
between cardiovascular and control groups, including age, sex, sys-
tolic blood pressure, smoking history and triglycerides, cholesterol
and hemoglobin A1C levels, each RIPL was associated with an odds
ratio of having cardiovascular disease of 1.60 (95% CI, 1.09�2.37),
p = 0¢02 (Fig. 4). After adjusting for age, sex and smoking status, pres-
ence of at least one, two or three RIPLs was associated with an odds
ratio of having cardiovascular disease of 2¢34 (CI 1.16�4.74,
p = 0.02), 4.17 (CI 1.64�10.61, p = 0.003) and 5¢34 (CI 1.71�16.65,
p = 0.004), respectively (Fig. 5). A minimum of one, two or three RIPLs
were present in 56.0%, 36.9% and 29.8% of individuals with cardiovas-
cular disease, respectively. Two or three RIPLs had specificity of 89.5%
and 93.4% in detecting coexisting cardiovascular disease, respectively
(Fig. 5).



Table 1
Baseline characteristics of the study cohort. Mean and standard deviation reported for age, hemoglobin A1c, total cholesterol, triglycerides, systolic
blood pressure (BP) and diastolic BP. Percentage reported for sex, race and smoking history.

Overall n = 160 Control n = 76 Cardiovascular n = 84 p-value

Age 68¢8 (10¢7) 65¢2 (6¢8) 72¢0 (12¢5) < 0¢001
Women,% 98 (61¢3) 55 (72¢4) 43 (51¢2) 0¢01
Race,% White 118 (73¢8) 52 (68¢4) 65 (78¢6) 0¢61

Hispanic 12 (7¢5) 5 (6¢6) 7 (8¢3)
Asian 17 (10¢6) 6 (7¢9) 11 (13¢1)
African American 1 (0¢6) 1 (1¢3) �

Smoking history,% (current or former) 44 (27¢5) N = 160 14 (18¢4) 30 (35¢7) 0¢02
Hemoglobin A1C,% 5¢9 (0¢8) N = 118 5¢5 (0¢4) N = 41 6¢0 (0¢9) N = 77 0¢001
Total cholesterol, mg/dL 179¢2 (43¢3) N = 149 197¢1 (37¢9) N = 68 164¢1 (42¢0) N = 81 < 0¢001
Triglycerides, mg/dL 123¢1 (94¢9) N = 151 105¢3 (57¢2) N = 68 137¢7 (115¢4) N = 83 0¢03
Systolic BP, mmHg 120¢4 (15¢5) N = 160 114¢6 (10¢6) N = 76 125¢5 (17¢4) N = 84 < 0¢001
Diastolic BP, mmHg 69¢7 (9¢4) N = 160 69¢1 (8¢7) N = 76 70¢3 (10¢1) N = 84 0¢41

Fig. 3. RIPLs in different cardiovascular diseases.
A) Total number of RIPLs in healthy individuals (n = 76) and those with cardiovascular disease (n = 84). B) Total number of RIPLs in healthy controls (n = 76) and patients with

CHD (n = 58) and stroke (n = 26).
C) Total number of RIPLs in subjects patients with CHD, with and without myocardial infarction (MI). Mean and standard error of the mean are shown. Statistical significance

tested using unpaired student’s t-test with Bonferroni correction.

Fig. 4. Odds ratio of cardiovascular disease. A multivariable logistic regression model for presence of cardiovascular disease. Co-variates include systolic blood pressure (BP), sex, age
per years, cholesterol and triglyceride levels, hemoglobin A1C percentage, positive smoking history and RIPLs. Error bars represent 95% confidence intervals. Vertical line indicates
odds ratio (OR) of 1.

4 C.P. Long et al. / EClinicalMedicine 33 (2021) 100775
In clinical practice, risk of atherosclerotic cardiovascular disease
(ASCVD) risk is estimated based on an individual’s age, sex, race,
blood pressure, cholesterol levels, smoking history and presence or
absence of diabetes mellitus. We stratified subjects based on their
10-year ASCVD risk into four categories that are commonly used in
clinical practice, low risk (<5%), borderline risk (5% to 7.5%),
intermediate risk (7.5% to 20%) and high risk (>20%). There was no
significant difference in number of RIPLs between low and borderline
risk groups (0.64 vs 0.6 RIPL, p = 0.89). However, the number of RIPLs
in individuals with intermediate and high ASCVD risk was higher
than in those with low ASCVD risk (1¢7 vs 0.64, p = 0.02 and 2.9 vs
0.64, p = 0.002, respectively) (Fig. 6).



Fig. 5. Odds ratio of cardiovascular disease based on number of RIPLs. A multivariable logistic regression model for presence of cardiovascular disease. Co-variates include age, sex
and smoking status. Error bars represent 95% confidence intervals. Dotted line indicates odds ratio of 1.

Fig. 6. Number of RIPLs per subject in individuals stratified by their 10-year ASCVD
risk into 4 categories commonly used in clinical practice; low risk (<5%), borderline
risk (5% to 7.5%), intermediate risk (7.5% to 20%) and high risk (>20%). Statistical signif-
icance tested using unpaired student t-test.
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4. Discussion

We examined the association between the occurrence of RIPLs
and the presence of cardiovascular disease in a group of individuals
undergoing SD-OCT for various clinical indications. The major find-
ings of our study were 1) the number of RIPLs was larger in subjects
with cardiovascular disease than in control subjects, 2) a higher num-
ber of RIPLs were associated with a higher odds for cardiovascular
disease even after adjusting for confounding covariates, and 3) higher
10-year ASCVD risk scores was associated with a higher number of
RIPLs. Our findings support the concept that RIPLs, which are ana-
tomical markers of prior retinal ischemic infarcts, are prevalent in
cardiovascular disease patients and may provide an additional bio-
marker to predict the existence of underlying cardiovascular disease.

In clinical practice, the ASCVD risk calculator is used to estimate
the risk of adverse cardiovascular events at 10 years. We found that
the number of RIPLs correlated with the severity of the ASCVD risk
score. We also found that RIPLs were especially significant in relation
to cerebrovascular disease. RIPLs were higher in patients who suf-
fered stroke. Since the retina is a forward extension of the brain, it is
more likely that RIPLs would be indicative of cerebral disease than
that of coronary vessels. We cannot exclude the possibility that some
OCT examinations were prompted by premonitory symptoms of
stroke; nevertheless, RIPLs may be an important sign of possible cere-
bral vascular atherosclerosis. Our results are in line with recent find-
ings which have described retinal microvasculature changes in
individuals with cardiovascular disease. For instance, a sparse vascu-
lar network pattern that is detected in fundus color photography was
associated with an increase in 10-year risk of cardiovascular mortal-
ity [34]. Individuals with acute coronary syndrome and those with
lower ejection fraction had lower vascular density on OCT angiogra-
phy scans [35,36].

Some limitations must be considered in interpreting the results of
our study. Given the retrospective nature of the study was performed
retrospectively, we were not able to perform a consistent workup of
the patients. Therefore we cannot relate the value of RIPLs to other
risk factors or biomarkers of cardiovascular disease. We also excluded
patients with retinal diseases, including those with large-vessel reti-
nal artery or vein occlusion, thereby reducing the number of patients
to whom our data is applicable. Excluding eyes with a history of retinal
vascular occlusions likely underestimated the number of RIPLs in the
cardiovascular group, given the high prevalence of cardiovascular dis-
ease in patients with retinal artery and vein occlusion [37�41]. This
would bias the results towards the null hypothesis. About 44% of indi-
viduals with cardiovascular disease did not have any RIPLs. Neverthe-
less, it has high specificity. Using two or three RIPLs as cutoffs led to a
specificity of 89.5% and 93.4%, respectively. Given the prevalence of car-
diovascular disease, a test with low sensitivity but which has high spec-
ificity can be used as a rule-in test to identify patients at risk, and who
may benefit from additional, and targeted, diagnostic workup.

Cardiovascular disease poses a heavy economic burden with a
total cost expected to reach $1¢1 trillion by 2035 [1]. Tests that can
help identify patients with cardiovascular disease may lead to earlier
interventions, thereby reducing the odds of subsequent adverse car-
diovascular events. OCT scans are commonly performed in ophthal-
mology clinics, noninvasive, inexpensive, do not involve any ionizing
radiation and do not require pupillary dilation nor the use of an intra-
venous dye. The RIPLs reported in this study were all identified by an
ophthalmologist. The presence of RIPLs thereby represents additional
valuable information that is readily obtainable from a standard reti-
nal examination.
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