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ABSTRACT
Objective: Retinal microvascular anomalies may be a marker for cardiovascular diseases. Our aim in this
study was to investigate the utility of ocular fundoscopic examination as a noninvasive method in specifying the
patients who carry a risk for coronary artery disease.
Material and Method: Patients who were diagnosed with coronary artery disease by coronary angiography
were included in our study. Bilateral fundoscopic examination was performed in these patients. Fundoscopic
findings and risk factors for coronary artery disease were evaluated.
Results: This study enrolled 100 patients (male: 72 (72%), mean age: 58.25±7.1) who were diagnosed with
coronary artery disease by coronary angiography. Upon fundoscopic examination, 87% of the study population
had atherosclerotic changes. Grade I atherosclerosis was found in 54% of the patients, grade II atherosclerosis
was found in 32% of the patients and grade III atherosclerosis was found in 1% of the patients. Increased
retinal tortuosity was present in 65% of the patients. Hollenhorst plaque was observed in 3 patients. Drusenoid
bodies were observed with a statistically significantly higher rate in the patients who were not using clopidogrel
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compared to the patients who were using clopidogrel (p<0.001).
Conclusion: Retinal findings are frequently found in patients with coronary artery disease. Therefore,
fundoscopic examination is a noninvasive and feasible examination method which can be frequently used in the
evaluation of cardiac functions.

INTRODUCTION
Currently, coronary artery disease (CAD) is the leading cause of death in our
country and in the world [1]. CAD is the fourth leading cause which will limit life in
2020 in the list prepared by the World Health Organization [2]. Retinal microvascular
abnormalities which can be easily detected noninvasively re lect cumulative microvascular injury and may indicate the relationship between microvascular pathologies
and cardiovascular diseases [3]. In this study, we aimed to evaluate the relationship
between the risk factors for coronary artery disease and retinal indings by performing
fundoscopic examination in patients diagnosed with CAD.

MATERIAL AND METHOD
This study was approved by Uludağ University, Medical Faculty, Ethics Committee
on January the 20th, 2009 with the protocol number 2009-1/70. A hundred patients
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who underwent coronary angiography and diagnosed with CAD (72 men, 28 women;
mean age 58,25±7,1 years) were included in the study. The study inclusion criteria
included being aged above 35 years and below 75 years and having been diagnosed
with coronary artery disease by coronary angiography. The blood pressure values
were measured following a resting period of ten minutes in the sitting position from
the right arm using an appropriate cuff size. Two measurements were performed with
an interval of two minutes and the mean value was recorded. The patients who had a
SBP of ≥140 mmHg and/ or DBP of ≥90 mmHg and who were using antihypertensive
medication were considered hypertensive [4]. The coronary risk factors were evaluated
separately in the patients who were included in the study.
Fundoscopic examination

The patients were evaluated in the Opthalmology Retina Outpatient Clinic.
Fundoscopic examination was performed in both eyes by the same opthalmologist
using Zeiss FF 450 Plus IR fundus camera (Carl Zeiss, Meditec Inc. Jena, Germany).
Before the procedure, both pupils were dilated using Tropamid Fort %1 eye drop.
Coronary angiography

Presence of 25% or more stenosis in the major epicardial arteries on coronary
angiography was considered CAD [5]. Presence of less than 50 stenosis in the epicardial
coronary arteries and/or lateral coronary artery disease (having a diameter of less than
2 mm and supplying a small myocardial area) was considered non-critical coronary
artery disease. In addition, patients who were found to have coronary ectasia without
severe stenosis developing on a atherosclerotic background were also included in the
study.
Evaluation of carotid Intima Media Thickness (IMT)

The patients were examined in the supine position for carotid IMT. All
ultrasonographic examinations were performed by the same radiologist. 11MHz
electronic linear probe was used (Aplio, Toshiba-Japan). Only the posterior (distant)
Wall was evaluated targeting 1 cm proximal of the carotid bifurcatio.
Obtaining blood samples

The blood samples of our patient groups were obtained following a fasting period
of 12 hours just after admission in the hemodynamics clinic in the morning from the
antecubital vein by creating mild stasis in the upper arm. Serum total cholesterol
(T.Chol), HDL cholesterol (HDL-C), triglyceride (TG), urea, creatinine, sodium,
potassium, sedimentation, hemoglobin (Hb) , HbA1c, serum reactive protein (CRP) and
fasting blood glucose levels were measured. LDL cholesterol (LDL-C) was calculated
using Friedewald formula (LDL Chol=T. Chol.-(HDL Chol.+TG/5) [6].

STATISTICAL ANALYSIS
Statistical analyses were performed using IBM SPSS Statistics for Windows, Version
19.0. (IBM Corp. Armonk, NY). The variables were investigated using analytical
methods (Kolmogorov-Smirnov/Shapiro-Wilk test) to determine whether or not they
were approximately normally distributed. Descriptive statistics were reported as mean
with standard deviation for continuous variables with normal distribution, median
and 25th -75th percentile values for continuous variables without normal distribution,
and frequencies with percentages for the categorical variables. Group comparisons
for continuous variables were tested using Student t test when data distribution was
normal and using Mann-Whitney U test when data distributions were not normal.
Comparisons for categorical variables were evaluated by chi-square test. Signi icance
level was accepted as p<0.05 in all statistical analyses.
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RESULTS
The clinical properties and baseline biochemical values of all the patients included
in the study and the drugs they used are shown in Table 1. The study population was
composed of 72 (72%) male and 28 (28%) female patients. While the number of
smokers was 21 (21%), the rate of having a familial history of CAD was found to be
22%. According to the New York Heart Association (NYHA) classi ication, 89 patients
had NYHA class I functional capacity and 11 patients had NYHA class II functional
capacity. There was no patient with a NYHA class III or IV functional capacity in the
study population. When use of medication of the patients was examined, the rates of
the patients who were using aspirin (81%), β- blocker (77%), statin (84%) and nitrate
(57%) were found to be high.
Table 1: Baseline demographic characteristics of the study population.
Gender (Female/Male)

28/72

Age (years)

58.25±7.1

Hypertension

70 (%70)

Diabetes

26 (%26)

Smoking

21 (%21)

Familial history of early CAD

22(%22)

BMI (kg/m2)

29.1±4.4

SBP (mmHg)

133±17.7

DBP (mmHg)

77.7±12.2

Laboratory findings
Glucose (mg/dL)

109±4.8

Urea (mg/dL)

35.56±1.8

Creatinine (mg/dL)

1.03±0.43

HbA1c (%)

6.4±1.3

Total cholesterol (mg/dL)

173.81±43.6

HDL (mg/dL)

40.88±9.9

LDL (mg/dL)

102.48±33.8

Triglyceride (mg/dL)

153.87±77.5

CRP (mg/L)

0.71±0.09

Sedimentation (mm/hour)

16.85±1.37

Hemoglobin (mg/dL)

13.2±2.3

Drugs
Aspirin

81(%81)

B- blocker

77(%77)

ACE inh.

46(%46)

ARB

24(%24)

Statin

84(%84)

Phenofibrate

6(%6)

Gemfibrozil

2(%2)

CCB

31(%31)

Furosemide

8(%8)

spironolactone

8(%8)

Digoxin

3(%3)

Trimetazidine

22(%22)

Nitrate

19(%57)

Clopidogrel

20(%20)

Ticlopidin

1(%1)

Insulin

9(%9)

OAD

20(%20)

BMI: Body Mass Index, SBP: Systolic Blood Pressure, DPB: Diastolic Blood Pressure, HDL: High Density Lipoprotein,
LDL: Low Density Lipoprotein,ARB: Angiotensin receptor Blocker, CCB: Calcium Channel Blocker, OAD:Oral anti-diabetic
drug; CRP: Serum Reactive Protein. The values are given as mean±Standard deviation
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The carotid artery intima-media thickness was found to be ≥1 mm only in 17
patients in the study population and the mean right carotid artery intima-media
thickness was found to be 0.765±0.15 mm and the mean left carotid artery intimamedia thickness was found to be 0.779±0.16 mm. No signi icant correlation was
found between the retinal indings and the left and right carotid artery intima-media
thicknesses. Atherosclerotic changes were found on fundoscopic examination in 87%
of the patients included in the study (Table 2). Grade I atherosclerosis was found in
54% of the patients (15 women, 39 men), grade II atherosclerosis was found in 32%
(10 women, 22 men) and grade III atherosclerosis was found in 1% (1 male patient).
Grade IV atherosclerosis was not found. When the patients who did and did not have
atherosclerotic retinopathy (AR) on fundoscopic examination were compared, it was
found that hypertension and hyperlipidemia were observed with a higher frequency
and the body mass index was higher in the patients who had retinopathy (p<0.001 for
all).
Hypertensive retinopathy (HR) was found in 95 of the patients ( 28 women, 67
men). Grade I HR was found in 53 of these patients (53%), grade II HR was found in 30
(30%) and grade III HR was found in 12 (12%). Grade IV HR was not found. Diabetic
retinopathy was found in 8 patients. HbA1c levels were signi icanly higher in patients
with diabetic retinopathy (p<0.001). Critical lesions were found in coronary arteries
in all patients with diabetic retinopathy. No signi icant difference was found when the
patients were compared in terms of fundoscopic indings by coronary artery lesions.
Drusenoid bodies were found in 53 patients (Figure 1A). Retinal vein occlusion
(RVO) was found in 10 patients (5 women, 5 men) and retinal collateral vessel
formation was observed in 11 patients. Both collateral vessel formation and presence
of RVO were found in 9 of these patients. Hollenhorst plaque was found in three
patients (Figure 1B). Increased retinal tortuosity was found in 65% of the patients
(Figure 1C). The frequency of RVO was statistically signi icantly higher in patients who
were not using ASA (26,3%) compared to the patients who were using ASA (6,2%) and
retinal collateral vessel formation was observed with a statistically signi icantly higher
rate in patients who were not using ASA compared to the patients who were using
ASA (p<0.001). Among fundoscopic indings, drusenoid bodies were found with a
signi icantly higher rate in patients who were smokers (p<0.001). Similarly, drusenoid
bodies were found with a statistically signi icantly higher rate in patients who were
not using clopidogrel compared to the patients who were using clopidogrel (p<0.001).

DISCUSSION
Evaluation of the coronary and cerebral circulation and the retinal vessels which
have similar anatomic and physiological characteristics can be performed by way
of fundoscopic examination which is a feasible and non-invasive method [7]. Many
studies have proposed that atherosclerotic changes found in the retina may be a
marker of the prevalence of coronary artery disease [8]. In a large-scale study, it was
found that the risk of congestive heart failure was increased by three-fold in patients
with retinopathy who had no coronary artery disease and hypertension [9]. In another
Table 2: Fundoscopic Examination Findings of the Patients (expressed as percentages).
Fundoscopic Findings

Published: July 07, 2017

(n,%)

Atherosclerosis

(87%; 54% Grade I, 32% Grade II, 1% Grade III)

Hypertensive Retinopathy

(95%; 53% Grade I, 30% Grade II, 12% Grade III)

Retinal Vein Occlusion
Presence of Retinal Collateral Vessels

(10%)
(10%)

Retinal tortuosity

(65%)

Hollenhorst

(3%)

Drusenoid bodies

(52%)
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study, the relationship of retinal vascular changes with left ventricular mass, left
ventricular volume and concentric remodeling was investigated and it was stated that
microvascular disease contributed to formation of cardiac remodeling by correlating
with the risk factors of coronary artery disease [10].
In our study, Scheie classi ication was used in evaluation of AR and HR [11]. Our
results showed that AR was closely related with hypertension, hyperlipidemia and BMI
which are among the coronary artery disease risk factors similar to previous studies.
Besides, the distribution of HR was similar to the distribution of AR in this study.
Point opacities were observed on the retinal surface in 52% of our patients. When
funduc camare was used, it was thought that these opacities were drusenoid bodies
(Figure 1A). It was thought that the drusenoid bodies which were found with a high
rate in our study might be small drusens related with age-related macula degeneration
(ARMD) and/or particles located in the retina by way of extravasation of intravascular
cholesterol crystals. ARMD is the most common legal cause of blindness in the
population aged 65 years and older [12]. In all studies, the prevalence of ARMD has
shown an increase with age. Atherosclerosis in the carotid vascular bed, presence of
systemic hypertension, smoking and dislipidemia are risk factors for development of
ARMD [13,14]. Similarly, drusenoid bodies were found with a statistically signi icantly
higher rate in patients who were smokers in our study.
The frequency of usage of clopidogrel is increasing in the cardiovascular area. In
previous studies, ASA and the other non-steroidal anti in lammatory drugs were not
shown to decrease the risk of ARMD [15]. Similarly, no signi icant difference was found
between the patients who were and were not using ASA in terms of drusenoid bodies
in our study. However, these bodies were observed with a signi icantly higher rate
in the patients who were not using clopidogrel compared to the patients who were
using clopidogrel. If these bodies are considered drusen bodies related with ARMD,
it may be thought that clopidogrel decreases development of ARMD in patients with
a high risk in terms of coronary artery disease. In a study conducted by Cymerman et
al. with young patients who had coronary artery disease, it was found that reticular
macular disease which is a subtype of ARMD was observed commonly in middle-aged
patients with coronary artery disease. In contrast to our study, it was emphasized
that there was no signi icant correlation between CAD and drusen bodies. It was

Figure 1: A: Drusenoid Bodies (indicated with black arrows), B: Hollenhorst plaque (black arrow), C: Retinal vascular
tortuosity, D: Coronary vascular tortuosity.
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emphazsied that the relationship of reticular macular disease with CAD was related
with subretinal drusenoid deposits found between the retinal pigment epithelium and
internal segment ellipsoid region similar to the lipid mechanism in atherosclerosis
[16]. More and extended studies are needed to elucidate the relationship between
reticular macular diseases and CAD.
As known, increased tortuosity in the arteries occurs as a result of aging or
pathological changes in vascular elastic material [17-20; Figure 1D]. It has been
reported that atherosclerosis, hypertension and aging play a role in development
of arterial tortuosity [21-23]. Increased tortuosity in the retinal arteries occurs as a
result of aging or pathological chenges in vascular elastic material [24,25]. Increased
tortuosity may also be observed in the retinal arteries. It is known that this is observed
frequently especially in retin al pathologies including diabetic retinopathy, retinal vein
occlusion and retinal vasculitis. In a study conducted by Owen et al., a relationship
was shown between increased cholesterol (especially increased triglyceride level) and
blood pressure (risk factors for coronary artery disease) in the irst 10 years of the
childhood and tortuosity in the retinal arteries [26]. Presence of retinal tortuosity in
65 of 100 patients with coronary artery disease in our study supports this study.
One of the indings examined in our study was Hollenhorst plaques. Hollenhorst
plaques are one of the most frequent causes of retinal emboly [27]. These are
orange, refractile cholesterol cryrstals with a length of 10-250 μm and constitute
the fundoscopic inding of Cholesterol Embolization Syndrome (CES) [28,29]. In our
study, Hollenhorst plaques were found in three patients (a woman and 2 men). One
of these patients had a history of thrombolytic treatment and the other one had a
history of coronary bypass surgery. All three patients were hypertensive. Patients
with Hollenhorst plaques on ophthalmologic examination are in the high risk group
in terms of morbidity and mortality. The most appropriate mechanism explaining CES
syndrome related with thrombolytic agents includes dissolving of protective thrombin
coagulum with thrombolytic agents and release of cholesterol crystals because of
subintimal hemorrhage [30].
IMT is an indicator of generalized atherosclerotic process which also involves
the coronary arteries. Relationship of CAD with many risk factors shows mutual
pathophysiological mechanisms of atherosclerosis [31]. In the ARIC study, an IMT
value of ≥1 mm was found to be related with an approximately 5-fold higher rate of
stroke compared to an IMT value of < 0.6 mm [32]. In our study, the right and left
carotid IMT rates of the patients were observed to be within the normal limits [33].
One of the reasons of the fact that marked increase in the carotid IMT value was not
observed might be related with life style change and the fact that most patients had
been using lipid lowering treatment.
The limiting factor of our study was the fact that only patients with coronary
artery disease were included without a control group (patients with normal coronary
arteries). Studies with a larger number of patients including a control group are needed
to evaluate retinal vascular changes more comprehensively in patients with coronary
artery disease.
In conclusion, fundoscopic examination is a non-invasive method which can be
performed easily in patients with coronary artery disease. Collaboration of cardiologists
and opthalmologist in evaluation of coronary artery diseases and cardiovascular risk
factors may pro ide a more ef icient approach in diagnosis and treatment of these
diseases.
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