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RETINAL BIOMARKERS OF
SYSTEMIC DISEASE: PART TWO
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These findings can help to steer you in the right direction when imaging the retina.
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cular biomarkers include molecular, histological,

radiographical, and physiological characteristics

indicative of a disease state or intervention response.’

In ophthalmology, the term biomarker often refers

to OCT or OCT angiography (OCTA) findings in the
context of retinal pathologies such as AMD, as addressed in
part one of this two-part series.” Retinal biomarkers on OCT,
clinical examination, and fundus photography can also have
major implications in systemic disease.’

Because many systemic conditions affect the eye, we can
use fundus photography and advanced ophthalmic imaging
to gain insight into the status, risk, and response of systemic
disease." In the era of personalized medicine and improved
prognostication, Al has been employed to develop novel
biomarkers using retinal imaging. Through deep-learning
algorithms, these programs can detect relevant features
through saliency mapping."* Here, we review updated retinal
biomarkers with critical implications for systemic disease
diagnosis, prognosis, treatment, and monitoring.

CARDIAC RISK

Cardiovascular disease (CVD) risk has traditionally been
estimated using risk calculators such as the Framingham risk
score and the systematic coronary risk evaluation (SCORE),
which consider several criteria, including age, blood pressure,
and cholesterol level.>” Many of these risk factors, along with
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Figure 1. Pseudocolor images of hypertensive retinopathy (A, B) show vascular changes,
including arteriolar narrowing, arteriovenous crossing, and arteriosclerosis with a silver
wiring appearance of the vessels (red arrow).

CVD itself, are associated with retinal arteriolar narrowing,
hemorrhage, and cotton-wool spots.>® Poplin et al predicted
the risk of major adverse cardiac events using retinal images
alone and reported similar accuracy to SCORE.

Coronary artery calcium (CAC) score is a preclinical
marker of atherosclerosis measured with cardiac CT. Rim
et al developed a deep-learning algorithm model that
analyzed fundus photography to predict the probability of
CAC presence. The model generated a comparable score to
that obtained with CT and better predicted the presence
of CAC in three test sets compared with any individual
cardiovascular risk factor investigated, the highest of which
was age, followed by glucose level.”

HYPERTENSION|

Hypertensive retinopathy presents with arteriolar
narrowing, arteriovenous crossing, exudates, hemorrhages,
and, at its most severe, papilledema (Figure 1).8° Recently,
subtle retinal changes were used to prognosticate



hypertensive end-organ damage, such as risk of CVD and
stroke. Using deep-learning algorithms, hypertension can be
detected using retinal fundus photos alone.’o"

Changes in the vasculature of distinct retinal layers can
be found on OCTA2? For example, the foveal avascular
zone is enlarged in patients with hypertension compared
with patients without hypertension. There may also
be decreased vessel density in the superficial and deep
capillary plexuses, although reports are inconsistent.®”
Finally, flow deficits in the choriocapillaris have been
described in patients with uncontrolled hypertension.®

The new field of adaptive optics imaging allows
documentation of microscopic retinal changes, including
the inner and outer diameter of arterioles.® In patients with
hypertension, there appears to be a smaller inner diameter
with a thicker vessel wall, resulting in a larger wall-to-
lumen ratio. This measure does not depend on absolute
measurements, which can be helpful for comparison
between patients and when monitoring progression.®

SLEEP APNEA

Obstructive sleep apnea (OSA) is characterized by chronic
intermittent hypoxia, which can lead to retinal hypoxia.'
Research shows an association between OSA and retinal
vein occlusion and central serous chorioretinopathy.’>'
Anatomical and vascular changes have also been detected
on ophthalmic imaging in patients with OSA, even in the
absence of pathology (Figure 2). Characterizing these retinal
changes has proven difficult given varied measures of OSA
severity, differences in baseline characteristics, and difficulties
in determining disease duration.'>'>16

Morphological vascular changes have been reported,
including increased vascular tortuosity and arteriolar changes
similar to mild hypertensive retinopathy (Figure 3).""” One
case study of a patient with OSA included swept-source OCT
and vascular perfusion mapping that confirmed vascular
tortuosity in both the retinal arteries and the superficial
capillary plexus veins of both eyes without leakage.””

Changes in choroidal thickness have been controversial,
although a meta-analysis revealed that significantly
thinner choroidal thicknesses were found in patients with
moderate and severe OSA compared with patients in the
control group." This is thought to be related to autonomic
dysfunction and inflammation.”

There have been inconsistent reports of changes in the
ganglion cell-inner plexiform layer (GCIPL) thickness in OSA,
with some patients experiencing thickening and others expe-
riencing thinning, highlighting the need for larger studies
with similar baseline patient characteristics.” Although
results differ between studies, most show decreased vascular
density in the deep capillary layer on OCTA.'>'¢ Using an Al
neural network, risk of OSA has been associated with low
retinal vascular density and fractal dimensions.™®
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Figure 2. Pseudocolor imaging of 0SA shows vascular changes, including diffusely increased
venular and arteriolar tortuosity and arteriolar changes (A). Fundus autofluorescence
imaging shows a diffuse area of hyperreflectivity inferiorly (B, red arrow).

Figure 3. The en face OCTA of both eyes of an 0SA patient shows vascular tortuosity in the
superficial capillary plexus (A, B), deep capillary plexus (C, D), and choriocapillaris (E, F).

COGNITIVE FUNCTION

Researchers have continued to search for clinically
valuable retinal biomarkers to detect and predict the risk
of Alzheimer disease (AD)."?" One study determined that
ultra-widefield color photography and autofluorescence
imaging actually have limited value in predicting an AD
diagnosis, although the images included in the study likely
were not able to capture an ultra-widefield view, as they
were cropped to remove eyelid artifacts.?>??

OCT and OCTA measures are more valuable, particularly
GCIPL thickness.?2 On saliency mapping, superficial perfusion
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density and foveal avascular zone size were relevant to an
AD diagnosis.?2 Wang et al looked at OCTA scans of patients
with AD with mild cognitive impairment and found that
superficial vascular density was significantly lower in patients
with AD compared with controls.?® Yan et al described
significantly decreased vascular density in patients with AD
compared with controls, and this measure correlated with
cognitive scores, such as the mini mental status exam.?’

MULTIPLE SCLEROSIS

Although the typical ophthalmic manifestation of multiple
sclerosis (MS) is optic neuritis, subtle retinal changes seen
on OCT can mirror neuro-axonal degeneration occurring
in the brain.2 Through retrograde degeneration, the retinal
nerve fiber layer composed of unmyelinated axons can thin
and degenerate over time.2? The origin of these axons is the
ganglion cell layer, which reflects in vivo conditions of the
cells and is more susceptible to decreased perfusion.?®

Even without optic neuritis, peripapillary retinal nerve
fiber layer and GCIPL thickness appear to correlate with MS
activity and progression.?* GCIPL thinning correlates with
clinical progression and increased relapses.”> Radiologic
progression with new lesions on MRI and increased rate of
lesion development also correlate with accelerated GCIPL
thinning. Furthermore, microcystic macular edema on OCT
in patients with MS is associated with poorer visual and
global disability scores.?* Given the established correlation
between disease activity and progression with OCT
measures, clinical trials of MS therapeutics have used OCT
measures as a treatment efficacy outcome.?®

TAKEAWAYS |

The applicability of ophthalmic imaging in the prediction,
detection, and prognosis of systemic disease is growing.
Retinal biomarkers, such as measures of microvasculature,
are now a research focus to determine what more can
be learned from the eye. A wealth of ophthalmic data is
collected daily in clinics around the world, and Al algorithms
provide an exciting opportunity to gain novel, clinically
valuable information to positively affect patient care. m
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