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Abstract

Cardiovascular disease remains the leading cause of death worldwide; however many screening pathways rely on measurement 
in clinics, laboratory analysis, or advanced imaging, which is not always available to everyone. The eye provides a unique non-in-
vasive gateway to the vascular system as its microvasculature is visible during routine examinations. Classical eye signs of hyper-
tension (hypertensive retinopathy), stroke (retinal artery occlusion), anemia (conjunctival pallor), high cholesterol levels (corneal 
arcus and xanthelasma), infective endocarditis (Roth spots), and systemic inflammation can indicate vascular, embolic, metabolic, 
inflammatory, or medication-related disorders. Recent developments in technology, such as digital fundus photography, optical 
coherence tomography, optical coherence tomography angiography, wearable imaging devices, smart glasses, and artificial intelli-
gence, allow for the potential to transform these signs into quantitative and predictive biomarkers. This paper summarizes the clin-
ical and technological rationale behind the use of ocular signs in cardiovascular evaluation, lists eye-heart relationships in a clinical 
table, and presents an interdisciplinary approach to this field for future scoping review and translational research.
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Introduction
Despite major advances in prevention and treatment, CVD re-

mains the primary global cause of death, claiming more than 20 
million lives per year [1]. The current practice of cardiovascular risk 
screening utilizes measurements of blood pressure, fasting lipid 
profile, blood glucose, body mass index/waist circumference, and 
cardiovascular risk score. If indicated in selected high-risk groups, 
coronary artery calcium scoring, carotid ultrasound, electrocar 

 
diography, echocardiography, or vascular imaging may be used to 
detect subclinical atherosclerotic disease or to define the risk more 
accurately [2]. These methods have been proven to be valuable; 
however often times these procedures and tests are inaccessible 
or difficult to implement in clinical practice. The uniqueness of the 
eye in cardiovascular medicine lies in its being the only accessible 
organ in which small blood vessels can be visualized non-invasively. 
The remodeling of retinal arterioles, venules, capillaries, and cho-
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roid, endothelial dysfunction, inflammation, thrombosis, metabolic 
injury, and senescence can all be detected using ophthalmic meth-
ods. All these features are characteristic. of coronary artery disease, 
cerebrovascular disease, hypertension, diabetic vascular disease, 
and systemic inflammatory conditions [3,4].

Historically, signs of systemic disease were discovered in the 
eye through bedside exam, fundoscopic exam, slit lamp exam, and 
identification of typical manifestations such as Roth spots, hyper-
tensive retinopathy, retinal emboli, retinal vessel occlusion, corne-
al arcus, and xanthelasma. However, modern times have brought 
about new opportunities through the implementation of digital im-
aging, Optical Coherence Tomography (OCT), OCT angiography, and 
AI, which created an area known as oculomics or the application of 
data from ocular images to identify systemic disease state [5]. This 
paper suggests that the eye should not be considered as a substi-
tute for conventional cardiovascular tests but as an additional tool 
for cardiovascular screening, triaging, and studies. The most signif-
icant clinical value is represented by the ability to find out whether 
findings in the eye should prompt cardiovascular investigation and 
development of imaging biomarkers.

Why the Eye Reflects the Cardiovascular Sys-
tem 

The retina and optic nerve require a constant supply of oxygen 
and are very sensitive to vascular insults. Retinal blood vessels are 
tiny, clear structures against the background of the retina, making 
it possible for physicians and imaging devices to visualize vascular 
size, tortuosity, bleeding, exudation, emboli, ischemia, and capillary 
non-perfusion. Such findings can be related to eye disorders; how-
ever, they can also indicate vascular disease elsewhere in the body. 
There are multiple explanations for the link between eye and heart. 
Hypertension can result in arteriolar narrowing, arteriovenous 
nicking, cotton wool spots, flame shaped hemorrhages, hard exu-
dates, and swelling of the optic disc. Atherosclerotic and embolic 
diseases lead to visible emboli in the retina and occlusion of ret-
inal arteries. Diabetes and metabolic diseases lead to microaneu-
rysms, bleeding, exudates, and macular edema. Vasculitis can affect 
the retina and lead to ischemia or uveitis while putting the heart 
at risk. Drug toxicity may also create parallel ocular and cardiac 
effects, as seen with hydroxychloroquine-related retinopathy and 
cardiopathy risk [6]. Due to the fact that many of these findings are 
not disease-specific, interpretation must remain clinical-context 
dependent. A Roth spot alone does not diagnose infective endocar-
ditis; however, Roth spots in a patient with fever, murmur, sepsis, or 
embolic phenomena may support urgent evaluation [7,8]. Similarly, 
corneal arcus in an older adult may be age-related, whereas prema-
ture arcus in a younger person should prompt lipid evaluation [9].

Clinical Categories of Eye-Heart Associations 
Clinical findings related to cardiovascular disease can be clas-

sified under three different groups. The first group comprises di-
rectly clinically significant findings. These findings are those that 
may give a direct indication of underlying systemic disease, such 
as retinal artery occlusion as an indication of embolic disease, con-

junctival petechiae following thoracic trauma, and ectopia lentis 
as a finding in Marfan syndrome or homocystinuria. Such clinical 
findings can be important as they might be associated with an in-
creased risk for stroke, aortic disease, cardiac tumors, thrombo-
embolism, and significant vascular inflammation. Indirect vascular 
biomarkers do not provide the diagnosis of a specific heart disease, 
but they may show the total burden of the vasculature in the body. 
Indirect vascular biomarkers include retinal vessel caliber, venular 
widening, arteriolar narrowing, tortuosity, branching changes, dia-
betic retinopathy, and retinal vein occlusion. Such biomarkers may 
be indicative of hypertension, diabetes mellitus, vascular aging, 
endothelial dysfunction, hyperlipidemia, and inflammation [3,4]. 
Computationally derived predictive markers are the third category 
of eye-heart associations. These markers emerge when AI systems 
analyze fundus photography, OCT, or OCTA images. Computational-
ly derived markers detect subtle changes in blood vessels, retinal 
structure, and textural changes that cannot be detected without AI 
systems. Predictive markers may be used to estimate cardiovascu-
lar risk, biological age, hypertension, stroke risk, and cardiometa-
bolic burden [3,5]. Robust validation is required before widespread 
clinical decision-making parameters are recommended.

Technology Expanding the Eye-Heart Window
Fundus photography is a practical starting point for the de-

velopment of ocular cardiovascular screening because it is quick, 
minimally invasive, and scalable. It captures retinal vessel caliber, 
emboli, hemorrhages, exudates, microaneurysms, changes at the 
optic disc, and many other abnormalities. In combination with 
cloud-based assessment or AI triaging, fundus photography could 
become an effective tool for screening in primary care, pharmacy 
practice, mobile units, community outreach, and tele-ophthalmol-
ogy. Optical Coherence Tomography (OCT) offers cross-sectional 
imaging of retinal structure and optic nerve, and OCT angiography 
allows for noninvasive visualization of retinal and choroidal micro-
circulation. OCTA can measure vessel density, perfusion indices, 
capillary dropout, and microvascular rarefaction – all of which are 
important features in systemic microvascular dysfunction, hyper-
tension, diabetes, atherosclerosis, and stroke [3]. AI combined with 
machine learning may have the ability to interpret ocular images 
into a cardiovascular risk predictor by discovering higher-dimen-
sional characteristics of the ocular structures that can be routinely 
assessed clinically. However an AI-based solution needs to be  criti-
cally assessed from the perspective of dataset diversity, calibration, 
explainability, fairness, generalizability, and clinical relevance. An 
algorithm that performs well with one individual or a certain demo-
graphic does not necessarily perform well in other demographics in 
terms of age, ethnicity, imaging device, and health system. Thus, AI 
ocular screening would best serve as an assistive technology, not 
a diagnostic shortcut without proper evaluation. Wearable imag-
ing and smart glasses-based systems are promising engineering 
achievements that could revolutionize the field in the future. How-
ever, their effectiveness in clinical practice will depend on the qual-
ity of images they generate, users’ training, interoperability, privacy 
protection, regulatory requirements, and evidence base for better 
outcomes, not just data generation An algorithm that performs well 
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with one individual or a certain demographic does not necessarily 
perform well in other demographics in terms of age, ethnicity, im-
aging device, and health system..

Integrated Clinical Table
Cardiac and cardiovascular diseases that may be suggested, 

risk stratified or even aided by ocular manifestations are summa-
rized in Table 1. For better clinical readability, the following table 
is rearranged according to main diagnostic groups such as trauma, 

infection/inflammation, tumor/neoplasm, embolic disease, vas-
cular markers, inherited/genetic, metabolic/infiltrative, and drug 
toxicity.

The table combines direct clinical signs, indirect vascular bio-
markers, and computationally determined ocular signs pertinent to 
cardiovascular diseases. The numbering of references has been re-
vised to correspond to the new classification order without altering 
the underlying evidence basis (Table 1).

Table 1: Cardiac and cardiovascular diseases viewed through ocular findings.

No. Category Cardiac/Cardiovacular Issue Eye/Ocular finding Evidence 
Type

Mechanism/Interpre-
tation Clinical Relevance

A. Trauma-Related Ocular Clues

1 Trauma
Marked thoracic compression 
/ traumatic asphyxia; possible 
associated blunt cardiac injury

Subconjunctival 
bleeding; petechial 

changes in conjunctiva, 
face, or eyelids; retinal 

hemorrhage

Direct clini-
cal clue

Acute thoracic com-
pression increases the 
venous pressure to the 
brain, neck, conjuncti-
val, and retinal veins.

Red eye and periocular pete-
chiae following chest injury 
should alert the physician 

to the possibility of thoracic 
and cardiac trauma [10].

B. Infective and Inflammatory Cardiovascular Disease

2 Infective Infective endocarditis

Roth’s lesions, retinal 
haemorrhage,cotton 

wool spots, conjuncti-
val petechiae, retinal 

infarcts

Direct clini-
cal clue

Septic emboli, immune 
complex vasculitis and 
microangiopathic dam-

age to the retina

In cases of fever, murmur, 
sepsis or embolic syndrome, 

ocular examination may 
support suspicion of infec-

tive endocarditis [7,8]

3

Inflam-
matory 

pediatric 
vasculitis

Risk of Kawasaki disease with 
aneurysm of the coronary 

arteries

Conjunctival injection 
without exudate, ante-

rior uveitis

Direct clini-
cal clue

Medium vessel vascu-
litis involving the con-
junctival blood vessels 
and coronary arteries.

Red eyes in a child with 
fever may be a sign of 

life-threatening vasculitis 
[11,12].

4

Inflamma-
tory gran-
ulomatous 

disease

Sarcoidosis with the possibil-
ity of cardiac involvement, ar-
rhythmia, conduction problem

Uveitis, conjunctival 
nodules, lacrimal gland 

involvement, epis-
cleritis

Direct sys-
temic clue

Granulomatous inflam-
mation can affect both 
the eye and myocardi-
um or the conducting 

system.

Presence of ocular sarcoid-
osis is an indication that 

there may be silent cardiac 
disease in certain cases 

[13,14].

5

Large-ves-
sel inflam-

matory 
disease

Takayasu arteritis, affecting 
the aorta and its branches

Takayasu retinopathy, 
retinal ischemia, optic 

neuropathy, retinal 
artery occlusion

Direct vas-
cular clue

Stenosis of aortic arch 
and carotid branches 
decreases blood flow 

to eyes.

Ischemia of retina in a 
young patient can suggest 

underlying large vessel car-
diovascular disease [15].

6

Inflam-
matory 

vascular 
disease in 

elderly

Giant cell arteritis with sys-
temic vasculopathy

Arteritic anterior 
ischemic optic neurop-
athy, acute visual loss, 

double vision

Direct 
vascular 

emergency

Granulomatous arteritis 
leads to ischemia of the 
optic nerve and vessels 

of medium or larger 
caliber.

Acute visual loss in elderly 
persons is a vascular emer-

gency, not just an ocular 
condition [16].

7

Viral / 
post-viral 

inflam-
matory 
disease

Viral myocarditis and systemic 
viral infection, including 
cardiovascular effects of 

COVID-19

Conjunctivitis, retinal 
microhemorrhage, 
cotton wool spots, 
occlusion of retinal 

vessels

Indirect 
inflammato-
ry/vascular 

marker

Viral inflammation, 
injury to endothelium, 
immune response, and 
thrombosis can affect 
the vascular system of 

both the heart and eyes 
[17,18].

Ocular microvascular 
findings in systemic viral 
illness can reflect broader 
inflammatory and throm-

botic disease [17,18].

C. Tumor / Neoplastic and Embolic Disease

8

Tumor / 
neoplastic 

embolic 
disease

Left atrial myxoma Sudden 
blindness could occasionally 
represent the initial manifes-
tation of a previously hidden 

cardiac tumor [19].

Central or branch ret-
inal artery occlusion, 

transient or permanent 
visual loss

Direct clini-
cal clue

Tumor fragments or 
thrombi embolize from 

the atrial mass to retinal 
circulation.

Sudden visual loss may 
rarely be the first sign of an 
occult cardiac tumor [19].

9

Embolic / 
arrhyth-
mia-re-

lated

Cardioembolic disorders, atrial 
fibrillation, valvular disorders, 

intracardiac thrombus

Retinal artery oc-
clusion, evidence of 

retinal emboli, sudden 
monocular blindness 

without pain

Direct clini-
cal clue

Emboli from the heart 
or great vessels can en-
ter the ophthalmic and 

retinal circulation.

Cardiogenic or systemic 
arterial emboli could travel 
through the blood to reach 
the ophthalmic and retinal 

blood vessels.
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D. Hypertensive, Atherosclerotic, Microvascular and AI-Derived Biomarkers

10
Hyper-

tensive/
vascular

Hypertension, hypertensive 
heart disease, heart failure 

risk, systemic vascular disease

Arteriolar narrowing, 
AV nicking, cot-

ton-wool spots, flame-
shaped hemorrhages, 
hard exudates, optic 

disc swelling

Direct 
clinical clue 

and risk 
biomarker

Microvascular injury 
in the retina resembles 

systemic vascular injury 
in cases of chronic or 
severe hypertension.

Hypertensive retinopathy 
represents a classic example 
of the eye as a mirror of car-
diovascular vascular injury 

[20,21].

11

Athero-
sclerotic/
vascul ar 

risk

Atherosclerosis, coronary 
artery disease risk, stroke risk

Changes in the caliber 
of retinal vessels, arte-
riolar narrowing, ve-

nular dilation, vascular 
tortuosity, branching 

abnormality

Indirect 
vascular 

biomarker

Retinal microvascular 
morphology reflects 

age-related, endothelial 
and systemic vascular 

damage.

Retinal vascular parame-
ters can be used to detect 

elevated cardiovascular and 
cerebrovascular risks [3,4].

12

Microvas-
cular / 

AI-derived 
risk

Predicted cardiovascular risk, 
vascular aging, hypertension, 
stroke risk, cardiometabolic 

disease

AI-detected retinal 
features on the basis of 

fundus photographs, 
OCT and OCTA images

Compu-
tational 

predictive 
marker

AI allows detecting 
subtle features in retinal 
vascular structure and 

texture that cannot 
be detected by human 

examination.

Imaging-based oculomics 
can serve as a basis for 

non-invasive cardiovascular 
risk stratification [3,5].

13

OC-
TA-based 

assess-
ment

Atherosclerosis, hypertension, 
stroke risk, systemic microvas-

cular dysfunction

Decreased retinal ves-
sel density, abnormal 
perfusion parameters, 

capillary dropout, 
microvascular rarefac-
tion detected on OCTA 

images

Quantitative 
imaging 

biomarker

Non-invasive imag-
ing of the retinal and 

choroidal microcircula-
tion using OCTA helps 

quantify microvascular 
damage.

OCTA can improve cardio-
vascular screening through 
detection of biomarkers of 
ocular vasculature damage 

[3].

14

Diabetes / 
cardiomet-

abolic 
disease

Diabetes-associated cardio-
vascular disease risk, coronary 
artery disease risk, microvas-

cular disease

Diabetic retinopathy, 
microaneurysms, 

retinal hemorrhages, 
exudates, macular 

edema

Indirect 
vascular 

biomarker

Microvascular disease in 
the retina is a result of 
systemic microvascular 
damage due to endothe-

lial dysfunction.

Diabetic retinopathy is as-
sociated with and has been 

shown to predict cardio-
vascular events/mortality. 
It also increases systemic 

vascular and cardiovascular 
risks [3].

15
Venous 

vascular 
disease

Hypertension, hyperlipidemia, 
thrombogenic tendency, vascu-

lar damage

Retinal vein occlusion, 
venous tortuosity, 

retinal hemorrhages, 
macular edema

Indirect 
vascular 

biomarker

Retinal venous occlu-
sion can be a sign of 

systemic vascular risk 
factors and hypercoag-

ulability.

The presence of retinal 
venous occlusion requires 
evaluation of blood pres-
sure, lipids, diabetes, and 

thrombotic risks [4].

E. Genetic and Inherited Systemic Disorders

16

Genetic 
connective 

tissue 
disorder

Marfan syndrome with aortic 
root dilation and aneurysm/

dissection susceptibility

Ectopia lentis, myopia, 
risk of retinal detach-

ment

Direct sys-
temic clue

The FBN1 connective 
tissue disorder involves 
both the lens zonule and 

the aorta.

The dislocation of the lens is 
an ocular sign of life-threat-

ening aortic disease [22].

17
Genetic 
vascular 
disorder

Loeys-Dietz syndrome with ar-
terial aneurysm or dissection

Hypertelorism, stra-
bismus, blue sclera, 

craniofacial and ocular 
features

Direct sys-
temic clue

Mutations in the 
TGF-beta pathway cause 

abnormalities in vas-
cular, craniofacial and 

ocular structures.

Craniofacial/ocular plus 
vascular abnormalities 

should lead to aneurysm 
screening [23].

18

Inherited 
lysosomal 

storage 
disease

Fabry disease causing left ven-
tricular hypertrophy, arrhyth-

mia and cardiomyopathy

Corneal verticillata, 
conjunctival vessel 
tortuosity, retinal 

vessel tortuosity, Fabry 
cataract

Direct sys-
temic clue

The glycosphingolipids 
accumulate in the cor-
nea, conjunctiva, retina 

and myocardium.

Corneal verticillata may 
serve as a visual sign of 

underlying cardiomyopathy 
[24-26].

19
Inherited 
thrombot-
ic disorder

Homocystinuria with cardio-
vascular thromboembolic 

disease susceptibility

Ectopia lentis, extreme 
myopia

Direct sys-
temic clue

Homocysteine abnor-
mality impairs zonular 
stability and enhances 

the risk

Metabolic defect of homo-
cysteine metabolism makes 
the ligaments of the eye lens 
weaker and increases risk of 

vascular thrombosis

F. Metabolic, Lipid and Infiltrative Disease

20
Metabolic 

/ lipid 
disorder

Dyslipidemia and risk for 
premature coronary artery 

disease

Xanthelasma, prematu-
re corneal arcus/arcus 

juvenilis

Indirect 
clinical clue

Abnormal lipid levels in 
the eyelids or peripher-
al cornea may indicate 
systemic lipid abnor-

mality.

Xanthelasma and corneal 
arcus in young individuals 
may be a clue for dyslipid-

emia and risk for cardiovas-
cular disease [9,27].
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21

Infiltrative 
/ protein 

deposition 
disease

AL or transthyretin cardiac 
amyloidosis

Periorbital purpura, 
ecchymoses of the 

eyelid, ptosis, amyloid 
deposition in ocular/

adnexal structures

Direct sys-
temic clue

Amyloid deposition 
with vascular fragility 

affects periocular tissue 
and myocardium.

Unexplained periorbit-
al purpura is a clue for 

systemic amyloidosis with 
restrictive cardiomyopathy 

[28].

G. Drug-Related and Toxic Eye-Heart Associations

22
Chemical 
/ cardiac 

drug effect

Amiodarone treatment for 
arrhythmia

Cornea verticillata/
vortex keratopathy; 

optic neuropathy occa-
sionally

Drug-relat-
ed ocular 
marker

Amiodarone lipid 
deposition in corneal 

epithelium; infrequent 
optic nerve damage

Anti-arrhythmic drug pro-
duces an ocular sign [29].

23

Chemical 
/ cardiac 

drug 
toxicity

Digoxin toxicity in cardiac 
patients

Xanthopsia, yel-
low-green vision, 

blurred vision, pho-
topsia

Drug toxici-
ty clue

Digitalis toxicity affects 
visual and color-percep-

tion pathways.

Yellow vision in a patient on 
digoxin needs evaluation for 

digoxin toxicity [30].

24

Drug-in-
duced car-

diotoxic 
and ocular 
toxic dis-

ease

Chloroquine/Hydroxychloro-
quine toxicity possibly associ-
ated with cardiomyopathy and 

retinopathy

Bull’s eye maculopathy, 
retinal pigment epithe-

lium changes, visual 
field defects

Parallel 
eye-heart 

toxicity

Lysosomal accumula-
tion of the drug causes 

retinal cell damage, 
which might also impact 

the heart.

Certain drugs cause toxicity 
in both the eyes and the 

heart [6].

Proposed Scoping Review Framework
An adequate review of an ocular-cardiovascular assessment 

topic requires both clinical and engineering databases to be re-
viewed. Epidemiology, diagnosis, clinical validation, patient out-
comes, and guideline-based information may be found using 
PubMed. Algorithm development, device architectures, image pro-
cessing, wearable devices, smart glass technology, signal process-
ing, sensor integration, and preliminary technological proofs-of-
concept may be found using IEEE Xplore. Relying on one ecosystem 
increases the chances of neglecting either clinical or technological 
relevance. A simple yet useful approach for the scoping review 
might consist of three interconnected questions: (1) which cardio-
vascular conditions or states carry ocular manifestations; (2) which 
ocular imaging technologies have been used to detect or quantify 
such manifestations; (3) how publication distribution is different 
between biomedical and engineering databases. The above design 
will provide us with an opportunity to reflect on clinical evidence, 
technical innovation, and translational gaps. Possible search con-
cepts might be the following: cardiovascular condition, retinal im-
aging, OCTA, fundus imaging, oculomics, hypertensive retinopathy, 
retinal vascular biomarkers, artificial intelligence, machine learn-
ing, smart glasses, wearables, screening, risk prediction, validation. 
Results should be structured according to disease, imaging tech-
nology, study type, population, algorithm, validation, and clinical 
applicability.

Translational and Implementation Considera-
tions

Ocular-cardiovascular screening would only be clinically appli-
cable if the current research progresses past the demonstration of 
accuracy as a proof of concept. Implementation involves clear re-
ferral guidelines, integration with electronic health records, image 
acquisition training, quality control measures, confidentiality, reg-

ulation, and physician buy-in. There is no benefit to the screening 
test unless a subsequent action follows the test results, including 
blood pressure monitoring, cholesterol level measurement, diabe-
tes investigation, stroke screening, echocardiography, consultation 
with a cardiologist, or even emergency care [31]. Equity is also an 
important factor in this situation. Training algorithms on limited 
sample sizes could produce worse results in populations that vary 
from the one used to train the model in terms of ethnicity, age, sex, 
socioeconomic status, imaging equipment, or prevalence of certain 
diseases. Consequently, external validation and performance in 
subgroups are crucial before implementation. While community 
screening for ocular pathology might promote equity by improv-
ing access to the test, it would only be effective if the process itself 
doesn’t increase health inequalities. Clinical language needs to be 
used carefully as well. Ocular imaging might help in cardiovascular 
risk stratification; however, presenting it as a diagnostic method of 
coronary artery disease, heart failure, arrhythmia, or systemic vas-
culitis is inappropriate.

Limitations of the Eye-Based Approach
The ocular manifestations themselves are usually non-specific. 

For example, retinal hemorrhages, cotton-wool spots, vessel tor-
tuosity, and vascular occlusion may be caused by various factors, 
including hypertension, diabetes, anemia, inflammation, infection, 
thrombosis, injury, or a disease of the eye itself. It significantly re-
stricts the diagnostic potential of the findings in the eyes. Imaging 
techniques are also limited in some technical aspects. Poor image 
quality may be due to cataracts, opacity of the media, inadequate 
fixation, small pupils, motion artifacts, or an inexperienced techni-
cian. OCTA results will depend on the device used, scanning proto-
col, segmentation, and processing software. AI technologies may be 
influenced by dataset biases, device shifts, and lack of transparency 
of the algorithms. In addition, one should avoid over testing. There 
has to be a reasonable approach to each screening tool, based on a 
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certain signal, leading to further stepwise evaluation of a patient. If 
not handled appropriately, it may result in unnecessary stress, fi-
nancial costs, and invasive procedures without any beneficial effect 
on health or prevention of disease.

Future Directions
The research to come should focus on prospective studies in-

vestigating whether ocular imaging affects cardiovascular health 
outcomes, not simply whether it can identify risk. Research should 
investigate the added value of artificial intelligence-enhanced ocu-
lar screening relative to existing risk calculators, cost-effectiveness, 
and whether incorporating ocular biomarkers alters management 
decisions. Diverse multi-center cohorts will be a requirement in 
order to obtain generalizable data. Standardization of imaging 
protocols and best practices for reporting will aid in improving 
reproducibility. Combining retinal imaging with blood pressure, 
lipid profiles, glucose testing, electrocardiograms, wearables, and 
medical histories leads to better risk prediction models than those 
that use ocular images alone. Engineering breakthroughs must be 
paired with clinical validity from the start. Technologies and algo-
rithms need to be designed for practical use in the clinic with safety, 
interoperability, and actionability in mind. Hybrid devices will like-
ly prove most effective in the future.

Conclusion
The eye is an important window for assessing cardiovascular 

health. Conventional ocular signs may indicate critical medical con-
ditions; meanwhile, the eye itself, along with retinal imaging, OCTA, 
and AI, increases the potential for quantifying microvascular injury 
and risk assessment of cardiovascular disease.

In the interest of science, it would be more appropriate to say 
that the eye cannot take the place of cardiovascular tests, but it can 
provide us with useful clues, biomarkers, and triage signals. For a 
proper article on this issue, a combination of clinical ophthalmol-
ogy, cardiology, vascular biology, biomedical engineering, and AI 
would be necessary.
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