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Abstract

Objectives: In the current study, we aimed to investigate retinal vascular density and blood flow changes in patients with chronic
obstructive pulmonary disease (COPD) using optical coherence tomography angiography (OCTA) (AngioVue Avanti, Optovue).
Methods: Thirty eyes of 30 patients with COPD and 30 eyes of 30 healthy controls were evaluated with OCTA. Foveal and parafo-
veal vessel density, inner retinal and choriocapillary flow area, and foveal avascular zone (FAZ) area were measured and compared
between the groups.

Results: No statistically significant differences were observed in the outer retinal flow area and choriocapillary flow area measure-
ments between the groups (p=0.609 and p=0.162, respectively). There was no statistically significant difference in FAZ and FAZ
perimeter values between the groups (p=0.725 and p=0.820, respectively). Vascular density measurements in the superficial foveal
and parafoveal areas were not statistically significantly different between the groups (p>0.05, for all). Deep parafoveal vascular
density values of the COPD group were statistically significantly lower than the control group in all investigated areas except the
superior and inferior quadrants.

Conclusion: The results of our study demonstrated for the first time that vascular density decreased in the parafoveal area due
to COPD-related hypoxemia and endothelial dysfunction.

Keywords: Chronic obstructive pulmonary disease, deep capillary plexus, foveal avascular zone, optical coherence tomography
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hronic obstructive pulmonary disease (COPD) is char-

acterized by chronic, progressive inflammation of the
airways that leads to serious lung damage and mortality.
I Systemic and pulmonary hypoxia, inflammation, and ox-
idative stress are the basis of the systemic complications
of COPD.>® Comorbidities such as cardiovascular disease,
musculoskeletal abnormalities, diabetes, osteoporosis,
autoimmune abnormalities, depression, and obstructive
sleep apnea are commonly seen in COPD patients.™

The retina and retinal microvascular structures are unique
in that they allow the effects of many systemic diseases
to be monitored in vivo. Changes in these tissues can be
assessed quantitatively and qualitatively using different
imaging methods. Optical coherence tomography angi-
ography (OCTA) is a new technique that provides detailed
images of blood flow and the retinal-choroidal capillary
network. OCTA enables quick and non-invasive diagnosis
of retinal vascular pathologies. The previous studies using
optical coherence tomography (OCT) have shown changes
in choroidal structure and the retinal nerve fiber layer due
to COPD.5® The few published studies using OCTA revealed
decreased peripapillary and parafoveal vascular density in
patients with sleep apnea, which, like COPD, may cause
end organ damage due to hypoxia and oxidative stress./#

To the best of our knowledge, no studies in which OCTA im-
aging was used to show the effects of COPD on the retinal
capillary network have been published. The purpose of this
study was to investigate changes in microcirculation in the
retinal vascular plexus and choriocapillaris of patients with
COPD using OCTA.

Methods

Participants and Data Collection

This prospective, cross-sectional study adhered to the te-
nets of the Declaration of Helsinki and received approval
from the ethics committee of a tertiary training and re-
search hospital (2063/07.08.2018). Informed consent was
obtained from all individual participants included in the
study. Patients with COPD followed between August 2018
and May 2019 in the Department of Thoracic Diseases were
included in the study. According to Global Intelligence for
Chronic Obstructive Lung Disease criteria, patients with a
forced expiratory volume in the first second (FEV1)/forced
vital capacity (FVC) ratio of <70% and FEV1 values below
80% were included in the study.”! The FEV1/FVC ratios were
then evaluated using spirometric tests. Patients undergo-
ing steroid therapy; using mechanical ventilator therapy;
or suffering from diabetes mellitus, hypercholesteremia,
hypertension, or concomitant cardiac pathologies were
excluded from the study. The patients were then referred

to the Department of Ophthalmology for detailed ophthal-
mologic examination, including measurement of refractive
errors, determination of best corrected visual acuity (BCVA)
using a Snellen chart, measurement of intraocular pressure
(IOP) using the Goldmann applanation tonometer, and slit-
lamp biomicroscopy and dilated fundus examinations.

Inclusion criteria for all participants were as follows: a BCVA
of 20/20, IOP values within 12-20 mmHg, axial lengths (AL)
within 20-25 mm, an open angle on the gonioscopy exam-
ination, and cup-to-disc ratios <0.3. After sitting and rest-
ing for 15 min, blood pressure and oxygen saturation were
measured using a fingertip pulse oximeter. Smoking was
not allowed for one hour before the tests. The body mass
indices (BMls) of all patients were calculated. Patients with
additional anterior or posterior segment pathology such
as age-related macular degeneration, cataract that could
cause decreased visual acuity, history of ocular surgery or
trauma, glaucoma, uveitis, optic neuritis, keratoconus, am-
blyopia, strabismus, and spherical equivalent > +3D were
excluded from the study.

Healthy controls of similar age and gender were evaluated
in this study. Non-smoking volunteers who were admitted
to the ophthalmology outpatient clinic with a BCVA of at
least 20/20, no additional systemic or ocular pathology,
and oxygen saturation measurements from pulse oximetry
above 97% formed the control group. The right eyes of all
participants were included in the study and OCTA imaging
was performed in 3 mm x 3 mm macular mode.

OCTA Imaging Protocol

A blinded experienced technician performed OCTA data
collection and processing on all participants. OCTA imag-
es were obtained using the AngioVue (Version 2017.1, Op-
tovue, Inc.,, Fremont, CA, USA). AngioVue uses a split-spec-
trum amplitude decorrelation to detect vascular density
and flow and to capture the OCTA images. This system has
an A scan repetition rate of 70 kHz, wavelength of 840 nm,
and depth resolution of 5 um in tissue. Before imaging,
each subject’s pupils were dilated with a combination of
0.5% tropicamide and 2.5% phenylephrine. Study par-
ticipants underwent OCTA imaging following a protocol
that included AngioVue OCT 3D volumes of 3 mm x 3 mm
macula with activation of the eye-tracking system. The de-
vice produced 2 OCT units, each consisting of 304 x 304
A-scans with 2 B-scans captured in 3 s. The inner retinal
lamina was defined as the layers between the internal lim-
iting membrane and the outer plexiform layer (OPL). Vol-
umes of the outer retina between the Bruch membrane
and the inner nuclear layer/OPL junction were automati-
cally segmented by the AngioVue software. Other process-
es were executed using the embedded software (Version
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2017.1). Previously published articles describe the algo-
rithm in detail."'? Vascular density was defined as the
percentage of the area occupied by the large vessels and
microvasculature. Foveal zone vessel density was defined
as the area of the small circle, with a diameter of 1 mm,
and the parafoveal zone vessel density was defined as the
area of the middle circle, with a diameter of 3 mm. In addi-
tion, the zones were automatically divided into four equal
quadrants (temporal, nasal, inferior, and superior) and two
equal hemispheres (superior and inferior) (Fig. 1). Foveal
avascular zone (FAZ) area in whole retina and FAZ perim-
eter (PERIM) were automatically obtained through the
FAZ assessment tool, which measures the vascular density
within a 300 um distance of the FAZ area determined by
the device™ and also the flow index, which is the key pa-
rameter of perfusion, was automatically calculated using
the AngioVue software (Fig. 2). Low-quality scans were ex-
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cluded and repeated until the signal strength index was
>70. OCTA images with artifacts (such as motion artifacts
or blinking artifacts) that could affect the analysis were
also excluded from the study. Because the OCTA device
used in this study did not contain a normative database,
right eyes of healthy subjects were included in the study
as a control group.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS), Version
22.0 for Windows (SPSS Inc., Chicago, IL) was used for
statistical analysis. Descriptive statistics are presented
as mean plus or minus standard deviation for numerical
variables. Pearson’s Chi-square test and the one-sample
Chi-square test were performed to analyze the categor-
ical variables. For the comparisons between the COPD
group and the control group, an independent sample
t-test was performed for normally distributed data, and a

Figure 1. Density assessment tool of optical coherence tomography angiography. Superficial (a) and deep (b) capillary plexuses demonstrat-
ed.The zones that were automatically divided by the analytic software of the device are shown at the right corner of each figure.

Figure 2. FAZ (a) and Flow (b) assessment tools of optical coherence tomography angiography. FAZ area (mm?) in whole retina, FAZ perimeter

(mm) and Choriocapillaris Flow area (mm?) are demonstrated.
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Kruskal-Wallis (Mann-Whitney U) test was performed for
non-normally distributed data. The statistical significance
level was p<0.05.

Results

Fifty-three patients were referred from the Department
of Thoracic Diseases to the ophthalmology clinic. Twen-
ty-three patients were excluded due to comorbide diseas-
es or poor image quality (seven with cataract, four with
age-related macular degeneration, three with high refrac-
tive error, and nine with poor image quality). The right eyes
of 30 patients (21 males and nine females) and the right
eyes of 30 healthy controls (21 males and nine females)
were included in the study. There were no statistically sig-
nificant differences between the groups in terms of age,
systolic and diastolic systemic blood pressure measure-
ments, BMI, AL, and IOP values. The mean FEV1/FVC ratio of
the COPD group was 61.5+6.4% and the mean FEV1 score
of the COPD group was 42.9+15.7%, consistent with the
moderate-to-severe COPD. Table 1 shows the demographic
and clinical characteristics of the participants.

As shown in Table 2, no statistically significant differenc-
es were observed in the outer retinal flow area and cho-
riocapillary flow area measurements between the groups
(p=0.609 and p=0.162, respectively). There was no sig-
nificant difference in FAZ and PERIM values between the
groups (p=0.725 and p=0.820, respectively).

Table 3 presents the comparison of vascular density mea-
surements between the groups. There were no statistical-
ly significant differences between the groups in all inves-
tigated superficial foveal and parafoveal areas (p>0.05, for
all). There was also no statistically significant difference
between the groups in the deep foveal area. When the
deep parafoveal area was examined separately, vascular
density measurements in the COPD group were statisti-
cally significantly lower than in the control group in all
investigated areas except the superior and inferior para-
foveal quadrants.

Discussion

In the current study, we analyzed alterations in the retinal
capillary network in patients with COPD. We found a statis-
tically significant decrease in deep capillary plexus (DCP)
density in all investigated parafoveal areas except the su-
perior and inferior quadrants. Although we did not find sta-
tistically significant differences in blood flow between the
groups, the previous studies have shown that ocular blood
flow decreases as a result of increased vascular resistance
and decreased blood flow due to chronic hypoxia and hy-
percapnia in patients with COPD. In a study using Doppler

Table 1. Clinical and demographic characteristics of the COPD and
control groups

COPD group Control group P

Avg+SD Avg+SD
Age (year) 59.9+7.1 57.8+6.6 0.164*
Systolic BP (mmHg) 116.0+£9.3 116.0+6.7 1.000%
Diastolic BP (mmHg) 76.0£10.4 75.0+8.2 0.575*
FEV1 42.9+15.7
FEV1/FVC 61.5+6.4
Smoking pack year 36.5+7.4
Disease duration (year) 10.5+4.2
AL (mm) 22.6+0.9 22.1£1.0 0.074*
IOP (mmHg) 15.1£2.2 14.8+2.1 0.586*

*Kruskal-Wallis (Mann-Whitney U-test). sO,: Oxygen saturation; BP: Blood
pressure; FEV1: Forced expiratory volume in first second; FVC: Forced vital
capacity; AL: Axial length; IOP: Intraocular pressure; Avg: Average; SD:
Standard deviation; COPD: Chronic obstructive pulmonary disease.

Table 2. FAZ, PERIM measurements, and retinal and choroidal flow
area in both groups

COPD group Control group P

Avg.=SD Avg.xSD
FAZ (mm?) 0.22+0.06 0.23+0.08 0.725*%
PERIM (mm?) 1.901+0.28 1.912+0.29  0.820*
Outer retina flow area 0.31+0.10 0.34+0.13 0.609*
Choriocapillaris flow area  2.013+1.05 1.973£1.15  0.162*

*Kruskal-Wallis (Mann-Whitney U-test). FAZ: Foveal avascular zone; PERIM:
FAZ perimeter; Avg: Average; SD: Standard deviation; COPD: Chronic
obstructive pulmonary disease.

ultrasound (DUS), hemodynamic changes in extraocular
orbital arteries have been shown in patients with COPD.
04 Moreover, choroidal tissue thinning has been shown
in the previous studies as a result of changes in choroidal
blood flow in patients with COPD." Whether microvascu-
lar blood flow changes due to chronic hypoxia in COPD pa-
tients remains unclear.

The retinal and choroidal vascular networks are complex
vascular systems that can be involved in many systemic
disorders. Numerous factors contribute to the regulation of
retinal and choroidal blood flows. Retinal blood flow, oxy-
genation, and arterial tonus in retinal layers are maintained
by autoregulation through secretion of many mediators,
including nitric oxide (NO) and endothelin in retinal en-
dothelial and non-endothelial cells, while choroidal blood
flow is primarily under control of the autonomic nervous
system and hormones.l's®

Chronic hypoxia and hypercapnia may affect retinal and

choroidal blood flow. In patients with COPD, changes such
as atheromatous plaques, thrombotic lesions in both pul-
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Table 3. Superficial and deep vascular plexus density (%) in both groups

COPD group Control group P
Avg+SD Avg+SD
Sp. Foveal density 21.5+4.1 21.3+3.2 0.703*
Sp. Parafoveal density 49.8+3.2 49.8+3.7 0.976*
Sp. Parafoveal superior hemi density 49.5+3.4 49.4+3.6 0.904*
Sp. Parafoveal inferior hemi density 50.2+3.2 50.2+3.8 0.974*
Sp. Parafoveal temporal density 48.1+34 48.2+3.1 0.923*
Sp. Parafoveal superior density 50.8+3.5 50.8+4.4 0.992*
Sp. Parafoveal nasal density 49.5+3.2 49.2+3.8 0.694*
Sp. Parafoveal inferior density 50.9+3.5 51.1+4.3 0.885*
D. Fovea density 36.5+4.8 36.2+4.2 0.592*
D. Parafoveal density 52.7+4.1 54.9+2.6 0.034*
D. Parafoveal superior hemi density 52.5+4.2 54.7+2.7 0.036*
D. Parafoveal inferior hemi density 52.8+4.1 55.0+2.8 0.018*
D. Parafoveal temporal density 53.0+3.7 54.9+2.5 0.039*
D. Parafoveal superior density 52.5+4.8 54.6+2.9 0.110*
D. Parafoveal nasal density 52.7+3.7 55.3+2.9 0.004*
D. Parafoveal inferior density 52.5+4.7 54.7+3.0 0.128*

*Kruskal-Wallis (Mann-Whitney U-test). Sp.: Superficial; D.: Deep; Avg: Average; SD: Standard deviation; COPD: Chronic obstructive pulmonary disease.

monary, and peripheral vessels.'>2" The previous studies
have also shown that oxidative stress, inflammation, en-
dothelial dysfunction, increased coagulability, polycythe-
mia, and atherosclerosis may develop in retinal inner lay-
ers due to chronic hypoxia.?>?! Recently, Palkovits et al.?*
reported hypoxia of retinal vessels in patients with severe
COPD and found that peripheral arterial oxygen saturation
was well correlated with retinal arterial oxygen saturation.
The previous studies have also shown that systemic endo-
thelin-1 levels are elevated in patients with COPD, and in-
creased levels of endothelin-1 have been shown to affect
retinal vessels.'?>? |t is well known that decreased NO and
increased endothelin-1 synthesis due to endothelial dys-
function causes vasoconstriction.?”]

Responses to the changes may vary due to differences
in the location and structure of the two plexuses. The su-
perficial capillary plexus (SCP) is primarily located within
the ganglion cell layer, while the DCP is primarily located
within the inner nuclear layer, with the two plexuses inter-
connected through vertically positioned vessels.?® How-
ever, perfusion pressure may be higher in the SCP due to
the branches of the SCP leaving the retinal artery before
the branches of the DCP2 In addition, the DCP is chiefly
formed by venous collecting channels; thus, the DCP may
be more sensitive to venous pressure increases and low
oxygen saturation than the SCP3% However, it is not clear
whether these changes are the result of vasoconstriction,
direct vascular damage, or capillary loss after direct cellular
damage to the inner nuclear layer.

It has been shown that the DCP is particularly sensitive to
systemic or ophthalmic diseases affecting the retina. Con-
sistent with our study, researchers have demonstrated a de-
crease in DCP density in patients receiving hydroxychloro-
quine treatment and in diabetic cases without retinopathy
on OCTA.B'32 |n a study in patients with rhegmatogenous
retinal detachment, the authors proposed that the DCP may
be particularly vulnerable to tissue hypoxia and increased
inflammatory cytokine levels.?! Data supporting these re-
sults were also obtained in Behcet uveitis.®® The previous
reports investigating patients with retinal vein occlusion
have shown that the decrease in vascular perfusion was
more remarkable in the DCP than in the SCP.E%34 Similarly,
we found that parafoveal vessel densities in the DCP were
significantly decreased in the COPD group compared to the
control group, while no significant difference was found in
the total parafoveal vessel density of the SCP. Two possible
reasons for this decrease are the loss of vascular structure
and vasoconstriction as a result of chronic hypoxia and en-
dothelial dysfunction. It is also possible that the metabolic
activities of bipolar, Miiller, amacrine, and horizontal cells
in the inner nuclear layer may be more sensitive to hypoxia.
OCT and OCTA are insufficient to demonstrate the etiology
of the decrease in the vascular capillary network.

OCTA studies on sleep apnea have revealed changes in ret-
inal vascular density as a result of hypoxia, with a mech-
anism similar to that observed in COPD. In one of these
studies, Moyal et al.®* stated that there was not any signif-
icant difference between the patient and healthy groups
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in vascular density in the parafoveal and peripapillary ar-
eas. However, in another study on obstructive sleep apnea
syndrome, Wang et al.”? showed a significant decrease in
vascular density in the parafoveal and peripapillary areas
in patients with sleep apnea syndrome. Although these
studies focused on different clinical entities, our research
also support the theory that ischemia may cause decreased
vascular density in the parafoveal area.

Smoking is a major cause of endothelial dysfunction and
microvascular changes throughout the body.% Grzybows-
ki and Holder®” observed reduced blood flow at the optic
nerve in their DUS study, leading them to conclude that
nicotine stimulates the sympathetic nervous system and
causes vasoconstriction. In contrast, we did not observe
any statistically significant differences in retinal blood flow
between the two groups, despite the fact that all patientsin
the COPD group in this study were chronic smokers. Heavy
smoking in the patient group might be another reason for
the decreased parafoveal vascular density.

Several limitations of this study should be emphasized.
None of our patients was consistent with the mild stage
COPD. As a result we cannot extend our findings to patients
with mild COPD. We were also limited in the number of cas-
es with images of acceptable quality and patients with co-
morbid diseases.

Conclusion

To the best of our knowledge, this is the first study to in-
vestigate foveal and parafoveal vessel density in patients
with COPD. Our results suggested that retinal vascular den-
sity seems to be affected by COPD-related hypoxemia and
endothelial dysfunction. We believe that our study yields
clinically important results that may serve as the basis for
further studies in this field.
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