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Retinal Vascular Density Change in Patients With
Aortic Valve Regurgitation
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Abstract

Background: The aim of this study was to assess retinal vessel density
in the superficial capillary plexus layer, deep capillary plexus layer and
choriocapillaris plexus layer in patients with aortic valve regurgitation
(AR) using optical coherence tomography angiography (OCTA).

Methods: Thirty-eight healthy participants (group 1) and 38 patients
with AR (group 2) were assessed for this study. Diagnosis of AR is
made by transthoracic echocardiography (TTE). Severity of AR was
assessed according to values in the 2014 American Heart Associa-
tion/American College of Cardiology (AHA/ACC) valve guideline.
Superficial capillary plexus density (SCPD), deep capillary plexus
density (DCPD) and choriocapillaris plexus density (CCPD) were
analyzed between groups using OCTA.

Results: SCPD measurements were found to be decreased in the na-
sal, inferior and central regions of patients with AR (P <0.05). DCPD
measurements were found to be decreased in the nasal and inferior
regions of patients with AR (P < 0.05). CCPD measurements were
found to be decreased in the inferior and central regions of patients
with AR (P < 0.05). In patients with AR, CCPD measurements were
significantly decreased in the inferior region compared to the control
group. Central macular thickness was found to be significantly de-
creased in the patients with AR.

Conclusions: Patients with AR showed decreased flow density com-
pared with healthy controls. Retinal perfusion measured using OCTA

in patients with AR may give an idea about microperfusion.

Keywords: Optical coherence tomography angiography; Aortic
valve regurgitation; Microvascular changes

Introduction

Heart valve disease is defined as structural heart valves or

Manuscript submitted March 29, 2023, accepted May 27, 2023
Published online July 12, 2023

aDepartment of Cardiology, Izmir University of Economics, Izmir, Turkey
®Department of Ophthalmology, Izmir University of Economics, Izmir, Turkey
¢Corresponding Author: Caner Topaloglu, Department of Cardiology, Izmir
University of Economics, Izmir, Turkey. Email: topalolu@gmail.com

doi: https://doi.org/10.14740/cr1502

, Sinan Bilgin®

functional impairment. Since most valve diseases are chronic
and asymptomatic, epidemiological data are limited and clear
figures are not known. According to Euro Heart Survey data,
aortic valve regurgitation (AR) is seen in 13% [1]. Age is a sig-
nificant risk factor for AR, and a 2.3 times increase in risk was
detected for the past 10 years [2]. A basic diagnosis method of
AR is transthoracic echocardiography (TTE). Severity of AR
according to values in the 2014 American Heart Association/
American College of Cardiology (AHA/ACC) valve guideline
must be decided [3]. In chronic AR, there is volume overload
in the heart. Over time, it results in eccentric hypertrophy and
left ventricular dilatation. The reduced flowing of blood results
in the impairment of microcirculation. AR plays an important
role in systemic effects on various systems, such as eye disor-
des, brain disorders, and cognitive disorders [4]. In AR, perfu-
sion of not only cerebral but also other organs may be various.

Ocular blood flow is affected by various systemic diseases
and metabolic conditions. Optical coherence tomography an-
giography (OCTA) is a noninvasive technique for evaluating
ocular blood flow. It is a highly reliable, objective and repeat-
able imaging tool [5-7]. Evaluating retinal perfusion stations
and other tissues of the human eye with OCTA presents a
chance to study microcirculation in systemic disorders [8-12].
OCTA is used for assessing retinal and choroidal microvas-
cular parameters such as vessel density, choriocapillaris flow
area, foveal avascular zone (FAZ) and optic nerve head [13].
Signals of oscillating red blood cells in the choroid and retina
is the principle of OCTA which show us microvascular struc-
tures in an orderly manner and help to differentiate superficial-
deep flow areas and choriocapillaris flow area. OCTA analyzes
not only the intensity of the reflected light but also the tempo-
ral changes of the OCT signal [14]. In neurological diseases,
OCTA is frequently used and evaluated as a biomarker [15].
But retinal microcirculation in heart disease has not been eval-
uated widely with OCTA.

The study aimed to assess the changes in the superficial
capillary plexus density, deep capillary plexus density and cho-
riocapillaris plexus density in the retina in patients with AR.

Materials and Methods

We included 38 patients with AR who had been admitted to the
Cardiology Clinic of Izmir Economy Universty. Patients with
AR were categorized by 2014 American Heart Association/
American College of Cardiology (AHA/ACC) valve guideline
and 2021 Valvular Heart Disease European Society of Cardiol-
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Figure 1. (a) Section image shows structural OCT in the background and the superficial vascular plexus data as yellow overlay.
(b) Macular perfusion parameters of a 6 x 6 mm angiography scan size of superficial vascular plexus. (c) The vessel density of
five areas of interest, including the fovea (1 mm diameter) and temporal, inferior, nasal, and superior quadrants. OCT: optical

coherence tomography.

ogy (ESC) guideline according to clinical signs.

Thirty-eight healthy participants (mean age 48 years)
were included in the study as the control group (group 1). In
the study group (group 2), 38 patients with AR (mean age 52
years) were classified. All patients with AR were detected by
the cardiologist. Patients with degenerative AR were included
in the study. Patients in the study had normal ejection fraction
and moderate or severe AR. Patients who had systemic dis-
eases (coronary artery disease, hypertension, congestive heart
failure, stroke, rheumatological diseases, diabetic disorders),
aortic valve congenital anomaly (bicuspid/quadricuspid aortic
valve), ascending aortic aneurysm, rheumatic mitral and tri-
cuspid valve disease, valve stenosis (aortic, mitral or tricuspid
valve), arrhythmia, smoking consumption, ophthalmologic
disorders such as glaucoma, and ocular surgery history were
excluded from the study. All patients and healthy individuals
in the study did not use drugs related to chronic diseases. In
addition, patients and healthy individuals under the age of 18
were not included in the study.

A comprehensive ophthalmic examination was performed
including a slit-lamp anterior segment examination, autore-
fraction-keratometry, axial eye length (AL) measurement us-
ing an IOLMaster (ver.3.02; Carl Zeiss, Meditec, Jena, Ger-
many), determination of the intraocular pressure (IOP) using
Goldmann applanation tonometry, best-corrected visual acuity
assessment, and a fundus examination, including indirect oph-
thalmoscopy, and OCTA. By using the formula SE = C/2 + S,
in which C was the cylindrical power and S was the spherical
power, spherical equivalent (SE) was determined.

Vascular density (VD) measurements were performed us-
ing spectral-domain OCTA (DRI OCT Tritron, Topcon, Tokyo,
Japan). The OCTA machine can perform volumetric scans of
the 6 X 6 mm macular area with a 320 x 320 A-scan sample
density at an A-scan rate of 100,000 A-scans/s, and uses the
OCTA algorithm to generate angiogram tests [16]. OCTA uses
blood flow as contrast agent and provides data about VD and
the flow area which is based on the split-spectrum amplitude-
decorrelation angiography algorithm.

To remove saccades and minor loss of fixation, motion
correction technology was performed by the software. Low-
quality scans were excluded and they were repeated until good
quality was achieved. In previous studies, however, a cut-off
value of signal strength index was set at <40 [17]. Scans with
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signal strength index < 60, motion artifacts, and low-quality
images because of poor fixation were excluded from the study
to use more quality scans in analyses. Five areas which di-
vided centering on macula were displayed and the blood vessel
density of each area was indicated as percent. The diameter
of inner circle is 1 mm, and the diameter of outside circle is
displayed at 3 mm (Fig. la-c).

Superficial capillary plexus is from 2.6 pm beneath the
internal limiting membrane to 15.6 pum beneath the interface
of the inner plexiform layer and inner nuclear layer. Deep
capillary plexus is from 15.6 pm beneath the inner plexiform
layer/inner nuclear layer to 70.2 pm beneath the inner plexi-
form layer/inner nuclearlayer. Choriocapillaris is from Bruch’s
membrane to 10.4 um beneath Bruch’s membrane [18]. Wave
length and light source differences can lead to variable detec-
tion of choroidal vasculature in different devices [19].

The Ethics Committee of the University of IEU Medical
Park University approved this prospective study. The study
was conducted in compliance with the institution’s ethical
standards and the revised Declaration of Helsinki.

Statistical analysis

Statistical analyses were performed with IBM SPSS for
Windows Version 25.0 software. Numerical variables were
expressed as mean + standard deviation (SD). Categorical
variables were summarized as numbers and percentages. The
normality of the distribution and variance homogeneity of con-
tinuous variables was evaluated with the aid of the Levene’s
test. Independent samples z-test was used for data with normal
distribution, and Mann-Whitney U test was used for data not
with normal distribution. P value of 0.05 was considered to
reflect statistical significance.

Results

Each of the control (group 1) and patient groups (group 2)
included 38 patients. The mean age of the patients was 48
years in group 1 and 52 years in group 2. Of the 38 partici-
pants in both groups, 17 were female and 21 were male. There
was no statistically significant difference in body mass index
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Table 1. Demographic, Clinical, Laboratory and Echocardiographic Characteristics of Controls and Patients With AR

Group 1 (n =38)

Group 2 (n =38)

52.60 + 14.80

17 (44.7)
21 (55.3)

254

26.7
93.12+11.52
0.96 £ 0.28
90.84 +16.17
45.13 +£4.66
1.44 £ 0.99
12.27 £2.26
142.34 + 20.86*

Mean age (years) 48.13 £6.99
Sex, n (%)

Female 17 (44.7)

Male 21 (55.3)
BMI (kg/m?)

Female 25.8

Male 26.6
Fasting blood glucose (mg/dL) 88.50 + 12.25
Creatinine (mg/dL) 0.94 +0.31
LDL (mg/dL) 93.28 £15.79
HDL (mg/dL) 4453 £4.21
TSH (pIU/mL) 1.59 +1.02
Hb (g/dL) 13.1£2.32
Systolic blood pressure (mm Hg) 122.65 + 10.98*
Diastolic blood pressure (mm Hg) 78.26 + 8.04*
LVESD (mm)

Female 38.93+2.10

Male 39.75+1.91
LVEDD (mm)

Female 49.11 £ 1.90*

Male 50.55 +2.15%
LVEF (%)

Female 60.80 +3.45

Male 61.10 +£3.81
Intraocular pressure (mm Hg) 16.05+3.13
Spherical equivalent (D) -0.71+1.25
Axial length (mm) 23.55+0.98

74.03 £9.99%

39.64 +£1.99
39.68 +£1.71

53.47 £2.52*
54.50 £ 2.90*

59.64 £5.85
60.43 + 6.20
14.55 £3.50
-0.49 £1.59

23.35+£0.37

Values are mean + SD. *P < 0.05. BMI: body mass index; LDL: low-density lipoprotein; HDL: high-density lipoprotein; TSH: thyroid-stimulating hor-
mone; Hb: hemoglobin; LVESD: left ventricle end systolic diameter; LVEDD: left ventricular end diastolic diameter; LVEF: left ventricular ejection

fraction; AR: aortic valve regurgitation.

(BMI) between the groups. In addition, no statistically sig-
nificant difference was found between fasting blood glucose,
creatinine, low-density lipoprotein (LDL), high-density lipo-
protein (HDL), thyroid-stimulating hormone (TSH) and he-
moglobin levels. Systolic and diastolic blood pressures were
122.65/78.26 mm Hg in the control group and 142.34/74.03
mm Hg in group 2 (P <0.05).

There was no statistically significant difference between
the left ventricular ejection fractions of both groups (group 1:
female 60.80+3.45%, male 61.10+3.81% and group 2: female
59.6445.85%, male 60.43+6.20%). Of the 17 female patients
diagnosed with AR by TTE, 12 (31.6%) had moderate AR and
five (13.2%) had severe AR. In addition, of the 21 male pa-
tients, 15 (39.5%) had moderate and six (15.7%) had severe
AR. When the left ventricle end systolic diameter in group 2
(female 39.64 = 1.99 mm, male 39.68 = 1.71 mm) was com-

pared with the control group (female 38.93 + 2.10 mm, male
39.75 £ 1.91 mm), no statistically significant difference was
found. However, when the left ventricular end diastolic diam-
eter was compared with the control group (female 49.11 +1.90
mm, male 50.55 + 2.15 mm), a statistically significant differ-
ence was found in group 2 (female 53.47 + 2.52 mm, male
54.50 £ 2.90 mm, P <0.05).

IOP was 16.05 mm Hg in group 1 and 14.55 mm Hg in
group 2. The SE and AL were -0.71, 23.55 mm in group 1
and -0.49, 23.35 mm in group 2, respectively. Central macular
thickness (CMT) was found to be 242.78 um in group 1 and
229.50 um in group 2, and it was found to be significantly
lower in patients with AR (P <0.05) (Table 1).

SCPD) was found to be 46.47 in the temporal region,
45.39 in the nasal region, 48.99 in the superior region, 48.91
in the inferior region, and 18.78 in the central region. In group
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2, it was determined as 45.13 in the temporal region, 43.64
in the nasal region, 48.74 in the superior region, 45.27 in the
inferior region, and 17.00 in the central region. In SCPD meas-
urements, it was statistically significant that it was decreased
in the nasal, inferior and central regions of patients with AR
(P <0.05).

In group 1, deep capillary plexus density (DCPD) was
found to be 46.21 in the temporal region, 47.39 in the nasal re-
gion, 48.66 in the superior region, 50.61 in the inferior region,
and 17.89 in the central region. In group 2, it was determined
as 45.32 in the temporal region, 45.44 in the nasal region,
49.77 in the superior region, 47.08 in the inferior region, and
17.40 in the central region. In DCPD measurements, it was
statistically significant that it was decreased in the nasal and
inferior regions of patients with AR (P <0.05).

In group 1, choriocapillaris plexus density (CCPD) was
found to be 54.30 in the temporal region, 54.04 in the nasal re-
gion, 53.00 in the superior region, 54.48 in the inferior region,
and 55.00 in the central region. In group 2, it was determined
as 54.31 in the temporal region, 53.87 in the nasal region,
52.23 in the superior region, 53.05 in the inferior region, and
52.69 in the central region. In CCPD measurements, it was
statistically significant that it was decreased in the inferior and
central regions of patients with AR (P <0.05).

Unlike the decrease of the central SCPD and CCPD
measurements in patients with AR, the decrease of the central
DCPD measurements was not found to be statistically signifi-
cant. In addition, different from the decrease of nasal SCPD
and DCPD measurements in patients with AR, the decrease
of nasal CCPD measurements was not statistically significant.

In patients with AR, it was determined that CCPD meas-
ured from the inferior regions was significantly decreased
compared to the control group (Table 2).

Discussion

The retina is one of the end organs. Retinal vessels are eas-
ily accessible compared with other end organs offering direct
access for evaluation of the microvasculature [20]. An OCTA
evaluation is easy to perform, objective, and complication-
free. Also OCTA is a promising biomarker supporting diagno-
sis and providing prognostic information [21]. Easily assessed
retinal microvascularity is an indicator of systemic circulation.
Reductions in retinal VD have been demonstrated in patients
with congenital heart disease and coronary artery disease [22].
Decreased VD in diabetic retinopathy is associated with de-
creased visual function [23]. Reduction in the retinal blood
supply to inner retinal neurons may cause cell death and is-
chemia [24].

In the EYE-Myocardial Infarction (EYE-MI) study in-
volving 237 patients, retinal VD measurements were found to
be associated with cardiovascular risk. Moreover, low retinal
VD was also found in patients with systolic heart failure. The
EYE-MI study demonstrated the association between reti-
nal VD reduction and high-risk cardiovascular disease [25].
Retinal vessel density and choroidal vessel density have been
shown to decrease in coronary artery disease [26]. Retinal ves-
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Table 2. SCPD, DCPD, CCPD and CMT Measurements

Group 1 (n =38)

Group 2 (n =38)

SCPD
Temporal 46.47 +£2.28 45.13+3.76
Nasal 45.39 +2.02* 43.64 £2.87*
Superior 48.99 +2.14 48.74 + 6.50
Inferior 4891 £2.77* 45.27 £ 3.65*
Central 18.78 + 3.69* 17.00 +2.53*
DCPD
Temporal 46.21 +£1.85 4532 +3.44
Nasal 47.39 +2.65* 45.44 + 3.64*
Superior 48.66 + 8.51 49.77 +3.79
Inferior 50.61 +4.04* 47.08 + 3.56*
Central 17.89 +£3.43 17.40 £3.45
CCPD
Temporal 54.30 £2.38 54.31 £3.36
Nasal 54.04 +1.94 53.87+2.78
Superior 53.00 £2.42 52.23 £5.58
Inferior 54.48 +2.94* 53.05 +3.02%*
Central 55.00 +£3.16* 52.69 £4.71*
CMT (um) 24278 £ 19.31%* 229.50 + 18.18*

Values are mean + SD. *P < 0.05. SCPD: superficial capillary plexus
density; DCPD: deep capillary plexus density; CCPD: choriocapillaris
plexus density; CMT: central macular thickness.

sel density, decrease in retinal and choroidal thicknesses are
indicators of coronary artery disease [27]. On the other hand, a
significant decrease in retinal VD has also been demonstrated
in patients with hypertension [28].

It is known that changes in left ventricular volume and/or
pressure due to heart valve diseases affect coronary microvas-
cular hemodynamics. AR causes an increase in volume and ec-
centric hypertrophy in the heart. This situation, which changes
the structure of the heart, affects the coronary microcirculation
[29]. However, there is very limited information in the litera-
ture regarding the effects of eye microcirculation.

AR is common in rheumatological diseases [30]. Severe
retinal microvascular changes have been demonstrated in pa-
tients with ankylosing spondylitis [31].

Doppler optical coherence tomography system has been
shown to enable the measurement of retinal microcirculation
in patients with AR with Takayasu arteritis. Doppler optical
coherence tomography showed the reflection of the changes in
the circulatory system to the retina [32].

In patients with Marfan syndrome, there may be insuffi-
ciency of the heart valve due to heart valve disorders. Thus,
vessel wall compliance may be reduced and structural modifi-
cation of the arterial wall may be induced. Aneurysm forma-
tion has been reported in Marfan syndrome, and this disorder
also appears in small arteries. Thus, microvascular changes
can occur in the vessel wall [33]. In patients with Marfan syn-
drome, superficial vascular plexus density was decreased [34].
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In our study, we evaluated retinal plexus vessel density in
more detail as superficial, deep and choriocapillaris. We found
that in patients with AR, the SCPD (nasal, inferior and central
regions) was significantly reduced compared to the healthy
controls. In addition, in patients with AR, the DCPD (nasal and
inferior regions) and CCPD (inferior and central regions) were
significantly reduced compared to the healthy controls. In our
study, decrease of the CMT was found in patients with AR.

The limitations of this study are single-center study, small
sample size and a lack of long-term follow-up.

Conclusion

Standard TTE is the superior method for diagnosing AR. Reti-
nal microvascular changes can be seen in patients diagnosed
with moderate and severe AR by TTE, and OCTA is a prom-
ising imaging modality for detecting retinal microvascular
changes in these patients. It can be used for the diagnostics and
quantification of retinal microvascular changes. In addition,
AR should be investigated in patients with retinal microvas-
cular changes by OCTA. Retinal microvascular changes can
be an early sign for AR with patients. Detection of early stage
microvascular disorders may indicate a high risk for the de-
velopment of cardiovascular disease. Generally in our study,
retinal microvascular changes are observed in patients with
moderate to severe AR and OCTA detects these changes but
further studies are needed.
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