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Abstract: Coronary atherosclerotic heart disease is the main cause of death worldwide. This disease is characterized by the formation
of atherosclerotic plaque in the heart artery and the reduction of myocardial blood circulation caused by vasospasm. The risk factors of
atherosclerosis include old age, dyslipidemia, hypertension, and diabetes. Research has shown that coronary heart disease not only
causes kidney and cerebrovascular diseases, but also leads to dysfunction and structural changes in the retinal microvasculature of the
eye. Therefore, several studies have proposed that retinal microvascular changes can be used as a diagnostic tool to assess coronary
heart disease course and prognosis. This article will review the mechanism of retinal microvascular disease, retinal vascular
morphological changes, and microvascular density changes related to coronary atherosclerotic heart disease.

Keywords: coronary heart disease, retinal microvasculature, retinal arteriovenous ratio, OCTA, retinal vessel density

Background

Coronary atherosclerotic heart disease has a high incidence rate and mortality rate worldwide.' Coronary heart disease
(CHD) is characterized by the formation of atherosclerotic plaque in the heart artery and the reduction of myocardial
blood circulation caused by vasospasm.” Recent studies believe that inflammation plays an important role in all stages of
atherosclerosis. When vascular endothelial cells encounter certain antigenic substances or risk factors, such as dyslipi-
demia, vasoconstrictor hormone in hypertension, glucose oxidation products, or excessive inflammatory cytokines from
adipose tissue, they will secrete factors that promote leukocyte adhesion, leading to vascular endothelial cell damage,
smooth muscle cell migration, and ultimately atherosclerosis.® Atherosclerosis, as a chronic arterial inflammation that can
affect the whole body, causes structural changes and dysfunction of microvessels while affecting the function of large
arteries, leading to retinal microvascular disease, renal failure, and small vascular encephalopathy.*> Research has shown
that patients with coronary microvascular disease have significantly increased mortality rates and an increased incidence
of cardiovascular adverse events.® Seidelmann et al found that the CHD population with narrowed retinal arterioles and
widened retinal venules has a higher mortality rate.”* The retina is the only location where microcirculation can be non-
invasively imaged in vivo and can be a pathway to make non-invasive analysis in blood vessels.”'? In recent years, with
the continuous exploration of the functional and structural changes of retinal microvessels in patients with CHD, it is of
great significance to understand the changes in retinal function and structure during the progression of CHD, and to
predict adverse phenomena in patients before it occurs.

Retina as a Window to Evaluate Microvascular Changes in Body

The central retinal artery which is the first branch of the ophthalmic artery and appears on the surface of the optic nerve
papilla. The central retinal artery first divides into four arteries and then they gradually form precapillary arterioles, and
finally form capillaries. Small arteries and arterioles are characterized by a relatively thick layer of vascular smooth
muscle cells depending on the distance to the optic nerve. Capillaries are divided into 2 layers: the superficial vascular
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plexus (SVP) located in the nerve fiber and the ganglion cell layer; and the deep capillary plexus (DCP) which lies in the
inner nuclear layer. Within the range of 0.4-0.5mm around the fovea, there is an avascular area.'' Radial peripapillary
capillaries (RPC) are retinal capillaries that radiate from the optic nerve and supply retinal nerve fibers around the optic
nerve head.'? Retinal capillaries are mainly composed of endothelial cells, intramural pericytes, and basement membrane.
Endothelial cells are located on the inner side of the capillary wall and are tightly connected, forming the internal barrier
of the retina, also known as the blood retina barrier."? Retinal veins are generally accompanied with arteries. The five
layers of the retina and the optic nerve papilla flow back through the central retinal vein.

On the one hand, the blood flow supply to the retina needs to compensate for microcirculatory changes caused by
press such as intraocular pressure changes. On the other hand, it needs to quickly generate changes according to the needs
of the retina itself.'” The retinal blood flow which lacks neural control can be autoregulated in response to changes by
intraocular pressure elevations. When the intraocular pressure changes, changes in the diameter of the retinal blood
vessel lumens under control of myogenic and metabolic mechanisms will happen.'* Retinal blood flow regulation which
retinal endothelial cells take part in is mainly controlled by metabolic autoregulation to keep stable.'> The retinal flow
change is influenced by the local mediators like adenosine, nitric oxide (NO), and endothelin-1, which can make an effect
of vasoconstriction and vasodilation.'® In addition, the retina as the highest oxygen consumption per volume in the whole
body. The retinal blood flow is sensitive to changes in O, and CO,. High level of O, can cause a decrease in retinal
diameter in order to avoid the damage of reactive oxygen species.'” And high level of CO, in blood can make retinal
vessel diameter increasing so that enough oxygen and nutrition can be transported to retina quickly.'®

Methods for Retinal Vascular Assessment
There are many methods to assess the retinal vascular changes and each of them has own emphasis. Combining multiple
evaluation methods can more accurately and comprehensively assess eye blood flow.

Retinal Photography

In the many researches, retinal photography can be the common method to evaluate changes of retinal vessel. By
using software like Retinal Analysis (RA) and Integrative Vessel Analysis (IVAN), researches can collect arteriolar
and venular caliber from retinal photography and central retinal arteriolar (CRAE) and venular equivalents (CRVE)
can be calculated.'” And The CRAE and CRVE are used to calculate the retinal arteriolar-to-venular diameter ratio
(AVR). The other software like Singapore I Vessel Assessment (SIVA) and VAMPIRE can also detects additional
geometry parameters (branching, bifurcation, tortuosity) to get extra parameters to analyze early retinal vessel

20,21
damage.”*:

Optical Coherence Tomography Angiography (OCTA)

OCTA is a novel non-invasive retinal imaging technique that can directly evaluate microvascular density by capturing red
blood cell movement signals. It can measure foveal avascular zone (FAZ) area that stands for the irregular central fovea
avascular area in macula. And it can quantify superficial and deep vascular density in the macula and optic disc
microvascular density, and nerve thickness with advantages of being fast, non-invasive, and repeatable to detect easily
of microvascular changes.** This method can also be used to measure the diameter of retinal blood vessels, but studies
have found that the diameter of retinal blood vessels measured by OCTA is larger than that measured by fundus
photographs.?® Furthermore, the image quality of OCTA is also affected by refractive interstitial opacity and low
compatibility of patients, making it different degree of error.

Fluorescein Angiography

Fundus angiography is an examination method that uses a special fundus camera to dynamically observe the circulation
status of retinal blood vessels after intravenous injection of fluorescent contrast agents.>* It is the gold standard for
patients to assess retinal circulation, which can help make diagnosis by providing key evidence.>> But at the same time,
there are also complicated inspection processes, long inspection times, and limitations due to allergic reactions.
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The Mechanism of Retinal Microangiopathy Affected by CHD

Atherosclerosis as an inflammatory chronic condition is known as the most important cause of coronary heart disease.”
Arteriosclerosis can lead to increased blood flow resistance and decreased perfusion, resulting in retinal ischemia.
Atherosclerotic lesions can lead to various changes in vascular structure, such as intimal thickening and medial wall
hyperplasia.'’ Atherosclerosis risk factors such as diabetes, old age, smoking, hyperlipidemia, and hypertension can lead to
systemic inflammation and vascular oxidative stress, resulting in coronary artery dysfunction and microvascular damage.”’**
Elevated levels of inflammatory biomarkers like C-reactive protein (CRP) play a crucial role in atherosclerosis. CRP is associated
with endothelial dysfunction by upregulating ICAM-1, VCAM-1, and nuclear factor-xB, which can facilitate the leukocyte-
endothelial interaction.”* ' The other inflammatory biomarkers interleukin-6, tumor necrosis factor-a, interleukin-1, and
interleukin-8 are involved in leukocyte recruitment and endothelial activation, exacerbating atherosclerotic processes and
promoting plaque instability to cause endothelial dysfunction.’® Endothelial dysfunction can cause microvascular pathogenic
functional and structural changes including vessel functional reducing, structural remodeling, and local tissue hypoxia.'®**** In
terms of mechanism, endothelial cell damage will lead to the attachment of inflammatory cells, the release of a large number of
inflammatory factors, the migration of monocytes and macrophages, and the absorption of oxidized low-density lipoprotein
cholesterol (LDL-C) in the blood to form foam cells. These cells will further promote the progress of inflammation level during
the activation process, further leading to vascular endothelial dysfunction.*>-*

Some studies suggest that inflammation is the key of the pathogenesis of cardiovascular diseases. The arterial and venous
vessels undergo functional and structural changes in response to inflammation, leading to an increased risk of cardiovascular
disease events.>> 7 Leticia et al examined systemic arteries such as femoral artery, carotid artery, and iliac artery in patients
with CHD, and found that patients with arterial inflammation had higher plaque burden.® Aruna et al found that CHD patients
have a high recurrence rate of cardiovascular events due to sustained elevation of high sensitivity C-reactive protein levels.*
In addition, Paul et al treated CHD patients with a history of myocardial infarction by anti-inflammatory monoclonal antibody
canakinumab. They found that the level of interleukin-10 was significantly inhibited and the probability of cardiovascular
adverse events has been reduced.* The microvascular structures of coronary arteries and retinal vessels are similar, both being
diameter less than 500 pum and located in the same internal environment.*' Liu et al summarized multiple research findings to
find that there is a significant correlation between widening of retinal venules and increased levels of inflammatory markers
such as C-reactive protein and white blood cell count in patients with CHD.*® Some studies reported associations between
interleukin-6 and venular caliber not arteriolar caliber.***> Hannappe et al found that macular microvasculature in patients
with acute coronary syndrome has a significant decrease in vessel length and density compared to healthy individuals, which is
significant correlation with inflammatory biomarkers as angiopoietin-2.** Al Fiadh et al investigated the relationship between
retinal microvascular endothelial function and CHD. They evaluated the retinal microvascular endothelial function of healthy
individuals and patients with CHD by measuring the dilation of retinal arterioles and venules to flicker light. After adjusting
for age, gender, cardiovascular risk factors, and drugs, they found that the ability of retinal arterioles to dilate in response to
flicker light is an independent predictor of CHD and retinal endothelial dysfunction occurred affected by CHD.** The above
evidence shows that coronary atheros clerosis will lead to coronary artery and retinal microvascular disease.

Morphological Changes of Retinal Vessels Associated with CHD
Retinal vascular diameter is affected by many cardiovascular factors, including atherosclerosis, inflammation, hypertension,
hyperglycemia, and hyperlipidemia.*® The active substances secreted by endothelial cells, such as endothelium and nitric
oxide, play a major role in vascular contraction and relaxation. However, as coronary heart disease progresses, endothelial
function is impaired, and the balance of vascular contraction and relaxation factors cannot be maintained, resulting in
a decrease in the inner diameter, outer diameter, and cross-sectional area of retinal arteries.*’ In recent years, many studies
have shown that the structure dysfunction of the retinal vascular system, such as narrowing arteriole, widening venule,
decreased arteriovenous ratio, and changes on vascular tortuosity are associated with cardiovascular disease.*®

The retinal microvascular geometry parameters are mathematical ways that quantifies retinal microvascular network.*’
The changes in geometry parameters of retinal blood vessels may be related to different cardiovascular risk factors including
age, gender, diabetes, hyperlipidemia, smoking, obesity, and acute cardiovascular events. Owen et al used a fully automated
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validated computerized system to analyze retinal blood vessels, which found that increased curvature of retinal venules was
related to higher body mass index and type 2 diabetes. In addition, the widening retinal venules were related to old age,
abnormally high triglycerides and smoking history. Meanwhile, increased curvature of retinal arterioles is associated with old
age and elevated systolic blood pressure, while narrowing retinal artery is correlated with elevated total cholesterol levels.™
Wang et al collected retinal photographs of CHD patients by using a semi-automatic software to analyze the parameters such
as fractal dimension and diameter of retinal blood vessels and they found that the decreased fractal dimension of retinal blood
vessels was related to the severity of coronary heart disease and female gender.>' Carol et al’s study also reached this
conclusion, but at the same time proposed that retinal small artery tortuosity is associated with higher BMI levels, while small
vein tortuosity is also associated with lower high-density lipoprotein levels.** At same time, physical exercise, the protective
factor in CHD, is found can make increasing of fractal dimension.” This may be related to the fact that exercise can increase
blood pressure and cardiac blood flow.™* Meanwhile, changes in left ventricular contract and diastolic function were also
associated with tortuosity index, which have different conclusion in several researches.”>>

Multiple studies have found that narrowing retinal arterioles and widening retinal venules are associated with
mortality in cardiovascular disease.””’ In the diagnosis of hypertensive retinopathy, changes in the diameter of retinal
arterioles are an important indicator.”® Matthias et al found that compared patients with chronic heart failure to healthy
individuals, flicker induced retinal arteriolar dilation (FIDart), which can be used to assess retinal microvascular function
was significantly reduced.>® Xu et al used SD-OCT to measure retinal arterial outer diameter in CHD patients, and found
that retinal arterial outer diameter decreased compared to health controls, which are negatively related to the severity of
ischemic heart disease.°” Wang et al collected patients with abnormal blood pressure to measure the diameters of retinal
arterioles and venules by using retinal photographs, and assessed the severity of coronary heart disease by using the
Gensini score. They found that compared to health controls, patients had significantly narrowing retinal arterioles, but no
significant difference in SYNTAX score of retinal venules.®' Many studies have found the significant correlation between
the degree of retinal atherosclerosis assessed by fundus photography and severity of coronary heart disease by Gensini
score and SYNTAX score.®>%® The changes were not only found in the old. In adolescents with blood lipid abnormalities
aged 12 and above, compared with healthy controls, central retinal arteriolar equivalent was significantly narrowed,
which was related to the increase of triglycerides, total cholesterol, low-density lipoprotein cholesterol, and
apolipoprotein.®* At the same time, some studies also found that the arteriovenous ratio increased, the diameter of
venules decreased and the diameter of arterioles increased when CHD patients treated by lipid control drugs, such as
simvastatin and rosuvastatin. It indicates that the retinal vascular function can be significantly improved after adjusting
blood lipids, which may be explained by the decreasing LDL-C and controlled pathological reactions such as thrombotic
reaction of atherosclerosis.®>%°

At present, it is believed that changes in retinal venules diameter which may be related to systemic inflammatory
factors, ischemia, and hypoxia are important biomarkers for monitoring microvascular diseases.®” Xu et al found that
ischemic heart disease causes significant decreasing retinal arterial lumen diameter and retinal arterial outer diameter as
consequence of endothelial dysfunction and inhibition of diastolic function.®® M Kamran et al conducted a large-scale
study of 5000 individuals and found that wider retinal venular diameters were associated with higher serum high-
sensitivity C-reactive protein, interleukin 6, and amyloid A levels and they believed that the caliber of retinal venules was
influenced by the systemic inflammation.®® Vincent et al collected patients with history of smoking as a risk factor of
CHD and found the smokers had a wider central retinal venular equivalent compared to the nonsmokers.®” Phan et al
found that the significant correlation between the widening of retinal venules diameter and abnormal blood glucose was
found in male population and it may also be affected by the scope of coronary artery stenosis.”® Meanwhile, Manon et al
found that after controlling for cardiovascular risk factors such as hyperglycemia, the relationship between retinal venules
diameter and degree of arteriosclerosis became insignificant.”’

The retinal arteriovenous ratio is the ratio of the diameter of the retinal arterioles to the diameter of the accompanying
retinal venules. In previous studies, it was believed that the diameter of retinal venules was stable, so a decrease in the ratio was
considered to indicate significant stenosis of small arteries. However, later research has shown that a decrease in the ratio can
also occur as the diameter of retinal venules increases. But the retinal arteriovenous ratio remains the standard for evaluating
retinal vessel function.”? Previous studies have found that the changes of retinal arteriovenous ratio are related to the incidence
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rate of coronary microvascular disease and stroke.”* Li et al found that after 6-12 months of treatment with statins, the retinal
arteriovenous ratio increases in hypercholesterolemia patients, which is related to the decrease in low-density lipoprotein and
C-reactive protein.*® Xu et al found that the severity of non-obstructive ischemic heart disease was negatively correlated with
the diameter of the retinal arteriovenous ratio by using spectral domain optical coherence tomography.®® The same conclusion
also has been identified in the study of internal carotid artery stenosis.

The severity of carotid artery stenosis is correlated with narrowing retinal arterioles and a decrease in retinal
arteriovenous ratio. At the same time, researchers also found that there is no significant difference in retinal arteriovenous
ratio between patients with mild stenosis and healthy controls.*>>’* This may be due to the fact that when the retinal
perfusion pressure decreases, the retinal arterioles first dilate to maintain constant blood flow. However, when the retinal
blood vessels are unable to self-regulate and compensate, the retinal arterioles will contract. Therefore, these results
indicate that the morphological changes of retinal blood vessels are influenced by the severity of CHD. For patients
facing different cardiovascular risk factors, the changes in retinal blood vessel morphology may vary, and it is necessary
to determine the degree of retinal microvessels which are affected.

Changes of Retinal Microvessels Associated with Coronary Atherosclerosis
Changes in FAZ in Macula

The FAZ can be seen as a clear circular or elliptical avascular area. Due to the lack of vascular structure, the blood supply of
FAZ comes from the choroid supplied by the posterior ciliary artery. And it is because that FAZ area and other parameters are
often used as a quantitative indicator to measure macular ischemia.”” Atherosclerosis will lead to retinal vessel stenosis and
increase of retinal artery resistance, finally causing expansion of FAZ area.”*’® Lee et al found that the expansion of FAZ is
associated with an increase in LDL-C.** Hyperlipidemia can lead to lipid deposition and oxidative stress response in blood
vessels and can downregulate vascular endothelial growth factor, which can result in a decrease in superficial and deep retinal
vascular density in the macular area, as well as an increase in FAZ area due to reduced blood flow.”” After summarizing
multiple studies, Monteiro Henriques et al concluded that patients with various cardiovascular diseases have lower retinal
vascular density and larger FAZ area.>* Anna et al measure retinal microvessels from patients with ST elevation myocardial
infarction CHD by using optical coherence tomography and found that decrease in left ventricular ejection fraction may
mainly affect the retinal fovea.”® Indre et al compared the FAZ area of patients with CHD and acute myocardial infarction with
that of healthy controls. Although there was an increasing trend in FAZ area, no significant statistical differences were found,
which may be due to insufficient sample size.”” At the same time, Duan et al investigated the parameter changes of retinal FAZ
in patients with ischemic stroke, and found that the decrease of FAZ axis ratio and FAZ circularity were related to ischemic
stroke caused by atherosclerosis.”” FAZ area and perimeter were significantly increasing in patients with hypertension over 5
years than in healthy and patients with hypertension less 5 years so that the changes on retinal vessel can be influenced in
chronic process.* In addition, the parameters changes in FAZ including increasing FAZ area and perimeter can also be

detected without visual impairment or retinopathy.®'-**

Changes in Vessel Density in the Macula

The retina is one of the most active tissues for oxygen and metabolic substances. The central retinal artery provides blood
to the inner five layers of the retina, while the outer five layers are supplied by the choroidal capillaries.* Insufficient
blood supply and hemodynamic disorders can lead to dysfunction of the macular retina. De Aguiar et al found that
macular nerve thickness was significantly decreased in the patients with cyanotic congenital heart disease, which is
considered to be caused by hypoxia.* Many studies have found macular vessel density decreasing in the patients with
CHD, which is often attributed to slower blood flow velocity in the central retinal artery, increased vascular resistance,
microcirculatory disorders, and impaired autoregulation function® (Figures 1 and 2). Hannappe et al compared the
retinal vascular length in the macula patients with acute coronary syndrome with healthy controls, and there was
a significant correlation between angiopoietin-2 in serum, a factor involved in atherosclerosis.** Wang et al used optical
coherence tomography to examine the retina of patients with non-obstructive coronary artery disease, obstructive
coronary artery disease, and healthy controls. They found that patients with coronary artery disease had significantly
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Figure | Imaging of retinal capillary structures in macula of health male (images were taken from the macula in a 6x6 mm area with the fovea).
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Figure 2 Imaging of retinal capillary structures in macula of coronary heart disease male (images were taken from the macula in a 6X6 mm area with the fovea).
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reduced blood flow in both the superficial and deep layers of the macula. Additionally, the vascular density in the upper
part of the superficial macular area was found to be an independent risk factor for non-obstructive coronary artery
disease.*® Wang et al used OCTA to analyze the correlation between changes in retinal microvasculature and the Gensini
score of each coronary artery branch, and found that the degree of stenosis in the left main coronary artery, and proximal
portion of the right coronary artery and left circumflex coronary artery was correlated with a decrease in microvascular
density in the macula.” Anna et al study found that in patients with myocardial infarction caused by coronary heart
disease, the decrease in superficial and deep capillary density in the macula is positively correlated with the decrease in
left ventricular ejection fraction which may be caused by mechanical damage caused by retinal ischemia and reperfusion
due to decreased cardiac function.”® Louis et al used OCTA to analyze the superficial retinal macular vascular density in
patients with acute coronary syndrome, and found that its density decrease was negatively correlated with the impaired
left ventricular ejection fraction and the global acute coronary score.*® However, Arnould et al examined patients with
confirmed myocardial infarction and found that there was no significant correlation between retinal vascular density and
hemodynamic variables in the acute phase of myocardial infarction or 3 months after cardiac rehabilitation. Therefore,
they proposed a different conclusion that the retinal microvascular density seems not to be affected by hemodynamic
changes related to myocardial infarction, such as left ventricular ejection fraction, aortic blood flow, systolic blood
pressure, diastolic blood pressure and cardiac output, and has its own regulatory mechanism.®” Michell et al studied the
correlation between different cardiovascular risk factors and retinal microvascular changes in different scanning modes.
They found that old age, hypertension, hyperglycemia and dyslipidemia were associated with the reduction of vascular
density, vascular perfusion and average vascular length in the 3 X 3mm mode. Smoking would lead to the increase of
vascular density, vascular length and connection density in the 3 x 3mm scanning mode, but with the expansion of
scanning range and the reduction of scanning accuracy, the correlation between these metabolic factors and micro-
vascular changes gradually weakened, suggesting that the risk factors of atherosclerosis may preferentially affect the
minimum caliber microvascular function in the human body.*® Recently, vascular density in the macula of the retina in
hypertensive patients has been found lower than that in healthy controls, and poor controlled blood pressure can further
decrease.® ! Whether both surface and deep blood vessels will decrease, other studies have a different conclusion.
Christopher has found that hypertension was found to have a significant effect in the deep vessel plexus but not the
superficial vessel plexus.’® Deep vessel plexus is the connection between superficial vessel plexus and vein so that deep
vessel plexus is more distal from the arterial circulation. It makes it more susceptible to disruption in retinal blood flow.”?
In addition, another study found that although the effect of smoking on the macula of the retina has not yet been found,
there is a significant decrease in the capillary flow of the choroid in the macula, indicating that smoking can cause
vasoconstriction and reduce eye blood flow, which may have an impact on retinal vascular disease in the later stages.”*

Changes in Vessel Density in the Optic Disc

The RPC that radiates from the optic disc form a unique vascular network within the optic nerve fiber layer of the retina.
Changes in RPC vascular density can be used to evaluate retinal vascular function and reflect neurological conditions.”>®
Previous studies have shown that the vascular density of RPC is closely related to the thickness of the optic nerve fiber layer.”’
There is a correlation between RPC changes and coronary heart disease, and they are independently associated with risk
factors such as age, dyslipidemia, hypertension, and so on’® (Figures 3 and 4). Niro et al found that aged 65 and above patients
with hypertensive and abnormal elevated total cholesterol and triglycerides, the density of RPC blood vessels below the
temporal inferior of the optic disc decreased, but on the contrary, the density of blood vessels within the optic disc showed an
increasing trend. This result may be due to microvascular damage caused by hypertension, resulting in increased reflux
resistance, as well as poor self-regulation ability of the RPC blood vessel network, leading to restricted blood flow and
increased capillary density detected.’ This may also be used to explain the findings that compared with patients with a history
of hypertension for 5-10 years showing both decreased optic nerve fiber layer thickness and blood vessels within the optic
disc, only the optic nerve fiber layer thickness was significantly thinner in patients with a history of hypertension for more than
10 years.®! Peng et al found that the RPC vessels density of hypertensive patients was significantly reduced compared with
healthy controls.'® Although there are different research designs on systemic microvascular changes such as atherosclerosis

International Journal of General Medicine 2025:18 htps: 4187



Wang et al

HD Angio Disc

Ring Width (mm): 1.00

En
2

Scan Quality 10/10

Face | Thickness | Color Overlay |

Small Vessels Density & RNFL Thickness

Left/ OS

4.50 x4.50 Scan Size (mm)

0 U Density (%) | Section Thickness (um)| 30 Display

496  Whole Image N/A

@ 46.7  Inside Disc N/A
525  Peripapillary 105 Overvue

) 53.1 - Superior-Hemi 107 TJ

Cl Edk Bad 519  -Inferior-Hemi 103 —]Qu e
482 - Nasal Superior 96
436 - Nasal Inferior 79
523  -Inferior Nasal 128 Play
60.0  -Inferior Tempo 139
546 - Tempo Inferior 78 & showBnd

EnFace Siab 56.5 - Tempo Superior 77 |r

e 534 - Superior Tempo 109

@ RrPC 56.1 - Superior Nasal 152 T

(<] ™ Show Lines

4

s

Upper - ILM

Offset(um) Grid-based All Vessels Density (%)

[ 0 496 60.0 535

Lower - NFL 50.7 61.1 59.1

Offset(um)

— 50.8 624 56.8

: (Large vessels included)
[ et ¥ Disc Contour 4 r

Print Multi Scans View

¥ Auto Zoom QQ

Comment
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Figure 5 Changes that can be monitored after atherosclerosis leads to retinal microvascular disease.

and microvascular dysfunction of the optic disc, and some results have not been agreed, it can be proved to some extent that
microvascular changes of the optic disc are related to coronary heart disease.

Conclusion

The retinal microvascular diseases related to coronary atherosclerosis include narrowing arterioles, wider venules, decreased
arteriovenous ratio, FAZ area expansion and vessels density changes in the macula and optic disc (Figure 5). By analyzing the
changes in retinal microvascular disease, we can further understand the disorders of retinal vascular wall, endothelial dysfunction,
and inflammatory reaction, which are related to coronary atherosclerotic heart disease. In the face of the overall impact of
atherosclerosis on the systemic vascular system and control of the impact of atherosclerosis on the retina are important. At the
same time, retinal blood vessel, as the only directly visible microvascular in the human body, with the help of advanced retinal
equipment can provide an observation window for evaluating coronary microcirculation. Since these years, more and more
research has focused on monitoring changes in the body through the retina, such as cerebral infarction and Parkinson’s
disease.'”""'? Although the literature on the correlation between retinal vascular changes and coronary heart disease is still
limited, non-invasive monitoring of the retina such as OCTA still has great potential in the future to help diagnose and evaluate
the prognosis of cardiovascular diseases.

Method of Literature Search

Searches were conducted using PubMed, Cochrane, and ScienceDirect databases using key words: “retinal imaging”,
“OCT”, “OCTA”, “fundus photography”, “retinal vessel diameter”, “cardiovascular disease”, “hypertension”, “coronary
artery disease”, and “cardiac”. The same MeSH terms were used, with appropriate synonyms and keywords, in
combination with Boolean operators (AND, OR). The search scope includes title, abstract and keywords. Through the
search, a total of 881 articles were found. Inclusion criteria of articles include written in English; retinal imaging
techniques such as optical coherence tomography (OCT), optical coherence tomography angiography (OCTA), or fundus
photography; published after January 2015. And exclusion criteria include written in other languages; the types of article
such as review, case report, books and documents, protocol; published before 2015, not relevant to the topic, any types of
retinopathy in researches and repeat in different literature databases. After two researchers read the articles separately, the
selected articles were organized using Microsoft Excel table software. Finally, after the application of the inclusion and

exclusion criteria, 52 articles were chosen for the review.
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