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Abstract

Purpose To compare retinal capillary plexus vessel
densities, choroidal thickness, optic disc vessel den-
sities and foveal avascular zone measurements
between normal subjects and subjects with obstructive
sleep apnea syndrome (OSAS) using spectral-domain
OCT angiography (OCTA).

Methods Forty eyes of patients with overall OSAS,
20 eyes of patients with mild-moderate OSAS, 20 eyes
of patients with severe OSAS on polysomnography
and 21 controls were evaluated with the RTVue-XR
Avanti OCTA (Optovue, Inc., Fremont, CA). Super-
ficial and deep retinal capillary plexus vessel densities,
choroidal thickness and foveal avascular zone (FAZ)
parameters (area, diameter, acircularity index of the
FAZ, foveal density-300) were measured for all
subjects.

Results Superficial capillary plexus vessel densities
of the groups were similar. Deep capillary plexus
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(DCP) vessel densities of all three OSAS groups
decreased in the parafoveal region (< 0.001). In the
perifoveal region, DCP vessel densities were
decreased in the Overall OSAS group (p = 0.023)
and in the Severe OSAS group (p = 0.021), whereas it
was similar in the Mild-moderate OSAS group.
Choroidal thickness decreased in all three OSAS
groups (p < 0.001). All FAZ measurements and
foveal density-300 measurements were similar com-
pared to the control group.

Conclusion Our findings indicate that in severe
OSAS patients, deep parafoveal, perifoveal vascular
densities decrease and the choroid layer becomes
thinner. When evaluating a patient with OSAS, it
should be kept in mind that there may be eye
involvement due to the disease.

Keywords Obstructive sleep apnea syndrome -
Optical coherence tomography angiography - Foveal
avascular zone - Retinal vessel density - Choroidal
thickness

Introduction

Obstructive sleep apnea syndrome (OSAS) is a disease
with recurrent partial or total obstruction of the upper
respiratory tract that causes oxygen desaturation,
hypercapnia, and intermittent hypoxia during sleep
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[1]. Hypercapnia and hypoxia cause endothelial
dysfunction, inflammation and oxidative stress, which
contribute to the development of many systemic
diseases in OSAS patients [2]. The retina is one of
the tissues in the body that requires the most oxygen
per unit weight. Autonomic nervous system innerva-
tion is not seen in retinal blood vessels, so recurrent
hypercapnia and hypoxia in OSAS patients may
adversely affect retinal blood circulation [3]. To date,
many ophthalmic diseases such as glaucoma, non-
arteritic anterior ischemic optic neuropathy, optic disc
edema, and retinal vein occlusion have been associ-
ated with OSAS [4-7].

Many imaging devices can be used in the diagnosis
and follow-up of retinal diseases. The most recent of
these methods is the optical coherence tomography
angiography (OCTA), which allows non-invasive
visualization of the retinal vascular network in detail
without using contrast media [8]. In the literature,
OCTA has been used in a very few number of studies
to demonstrate alterations in the retinal vascular
network in OSAS patients [9, 10]. In this study, we
aimed to demonstrate the effects of OSAS on the retina
by evaluating previously unavailable parameters such
as foveal avascular zone measurement using OCTA.

Material and methods

This is a prospective case—control study and was
conducted at Ankara Numune Training and Research
Hospital between June 2018—June 2019, in accordance
with the principles of the Helsinki Declaration and
with the approval of Ankara Numune Training and
Research Hospital Institutional Ethics Committee.
Informed consents were obtained from all subjects.
Standard full-night polysomnography (PSG) was
performed in individuals over 18 years old who
presented to the ENT outpatient clinic with OSAS
symptoms (e.g. snoring, daytime sleepiness, witnessed
apnea). The patients were examined for the first time
by polysomnography and they had no known OSAS
history. Forty patients who were diagnosed as OSAS
with apnea—hypopnea indices (AHI) greater than 5 (as
determined by the number of apnea and hypopnea per
sleep-hour) were included in the study. Twenty-one
healthy adults without OSAS symptoms were included
in the control group. OSAS was clinically excluded in
these control subjects for them giving less than 3
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“yes” answers to the 8 questions in the STOP-Bang
questionnaire. All participants were examined by
OCTA (RTVue XR Avanti; Optovue, Inc., Fremont,
CA) after a complete ophthalmic examination. Since
OSAS systemic involvement will affect both eyes in a
similar way; one eye of each patient was included in
the study. One eye of each patient was identified for
inclusion by simple randomization, for which random
computer-generated numbers were used. Forty
patients with OSAS were divided into two groups
according to the severity of the disease (AHI = 5-30:
mild-moderate OSAS; AHI > 30: severe OSAS).
OCTA measurements of the three groups (overall
OSAS, mild-moderate OSAS, and severe OSAS) were
compared with those of the control group. In addition,
the correlation between the OCTA parameters and the
time spent with SpO, below 90% as detected by PSG
was examined.

Patients with hypertension, diabetes, hyperlipi-
demia, smoking, glaucoma suspect (Intraocular pres-
sure (IOP) > 21 mmHg with applanation tonometry,
glaucomatous disc appearance (generalised/focal
enlargement of the cup, disc haemorrhage, usually at
superior & inferior poles of neuroretinal rim thinning,
asymmetry of cupping between patient’s eyes, loss of
nerve fibre layer, parapapillary atrophy), positive
family history for glaucoma were considered as
glaucoma suspect.), history of previous ophthalmic
surgery, and a spherical equivalent of > 2D were
excluded from the study in that these conditions may
confound our results by affecting ocular perfusion. In
addition, none of the patients included in the study had
a known systemic, vascular, and/or autoimmune
disease.

STOP-bang questionnaire and polysomnography

The STOP-Bang questionnaire is an easily applicable
survey that allows OSAS to be excluded without
polysomnography. There are 8 questions in the
questionnaire, where one’s snoring, daytime fatigue,
and drowsiness, history of witnessed apnea, use of
antihypertensive drugs, body mass index greater than
35, age greater than 50, neck circumference greater
than 40 cm and gender is questioned. OSAS is
clinically excluded in cases who answer “yes” to less
than 3 of the 8 questions. When the cut-off level
is > 3, the sensitivity of the STOP-Bang
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questionnaire to predict OSAS (apnea—hypopnea
index (AHI) > 5) is 83.9% [11].

OCTA

All eye examinations were performed by the same
ophthalmologist. The ophthalmologist was blinded to
whether the person examined had OSAS or was a
healthy volunteer. The RTVue-XR Avanti OCTA
(Optovue, Inc., Fremont, CA) system, which runs the
split spectrum amplitude-decorrelation angiography
(SSADA) algorithm and has a 70 kHz SD-OCT
system was used to determine the superficial and deep
capillary plexus densities (With the automatic seg-
mentation of the device, the area between the internal
limiting membrane and 9 um above the internal
plexiform layer was determined as the superficial
capillary plexus, and the area between 9 um above the
internal plexiform layer and 9 um below the outer
plexiform layer was determined as the deep capillary
plexus), FAZ and retinal vascular structures of the
subjects. Eyes of all subjects were dilated with 1%
tropicamide prior to measurement. Five measurements
were run for each individual and the one with the best
image quality was selected for statistical analysis.
Low-quality and blurred images due to motion were
removed. For analysis, fovea-centered 6 x 6 mm
scan areas were used [12, 13]. Fovea-centered OCTA
images were confirmed by cross-referencing with
OCT scans. This was done according to the vascular
flow density measured within a parafoveal ring with a
diameter of 1-2.5 mm, proportional to the total area.
FAZ size was determined in superficial and deep
capillary plexus (SCP and DCP) in non-flow mode.
The vascular density was determined using the
automatic density measurement tool of the device
software. The avascular area in the SCP, the FAZ area,
the FAZ diameter, the acircularity index of the FAZ
(AI the ratio of the circumference of the FAZ and the
circumference of an equal area) and foveal density-
300 (vessel density within 300 um around FAZ), as
well as vascular densities in the foveal, parafoveal and
perifoveal regions for SCP and DCP were recorded
separately for each eye. The peripapillary region was
defined as a 700 um elliptical ring extending from the
optic disc boundary. The optical disc boundary was
automatically detected by software based on Bruch’s
membrane opening. In the case of a disc margin
detection error, correction of disc margin was

performed manually by the observer. Peripapillary
and optic nerve head vascular density were defined as
the areas covered by the major vessels and microves-
sels in the peripapillary and optic disc region,
respectively.

Choroid measurements were performed using SS-
OCT (Triton, Topcon Inc.) by the same physician in all
patients. All patients underwent fovea-centered
12 x 12 mm radial line scans. The choroidal thick-
ness was evaluated using the scan in which the
choroido-scleral junction was most clearly seen.
Choroidal thickness was measured after manually
adjusting the external segmentation line in the sub-
foveal region to the visible choroidoscleral junction
(where necessary). The internal segmentation line
remained outside the RPE-Bruch’s complex.

Statistical analysis

All statistical analyses were performed using the SPSS
software (SPSS version 22, Chicago, IL, US), and
p < 0.05 was considered statistically significant. The
normality of the data was assessed by the Kol-
mogorov—Smirnov test. Continuous variables were
presented as mean =+ standard deviation and discrete
variables were presented as frequencies and percent-
ages. The study population was classified as the
control group, overall OSAS group (i.e. all patients
with OSAS regardless of the disease severity), mild to
moderate OSAS group and severe OSAS group. The
parameters in all three OSAS groups were compared
to those in the control group. Differences were
evaluated by Student’s two-tailed t-test for the
normally distributed numerical data. The Spearman’s
rank correlation coefficient was calculated to deter-
mine the relationship between AHI and the time spent
(percent of the recording time) with SpO2 below 90%
with the FAZ parameters, for all OSAS patients.

Results

The mean age of the 40 patients (27 males, 13 females)
in the overall OSAS group was 50.8 £ 9.19 years. Of
those, 5 patients had mild, 15 had moderate, and 20
had severe OSAS. The mean AHI was 35.86 + 24.3 in
the overall OSAS group, 17.34 £ 6.21 in the mild-
moderate OSAS group and 54.38 & 21.24 in the
severe OSAS group. While the average sleep time
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spent with SpO, below 90% in the overall OSAS
group was 48.9 £ 74.8 min, in the mild-moderate and
the severe OSAS groups these values were
212 £30.9 and 76.69 £ 94.5 min, respectively.
The groups were found to be similar in terms of age
and average axial lengths. The descriptive character-
istics of the groups are given in Table 1.

Both the AHI scores and the time spent below 90%
SpO2 did not have a statistically significant correlation
with the superficial and deep capillary plexus vessel
densities (Fig. 1). In the statistical analysis between
groups determined according to the severity of the
disease shows that superficial capillary plexus vessel
densities were similar in all groups. In the deep
capillary plexus, the parafoveal region vascular den-
sity was significantly decreased in the overall OSAS
group. In addition, the mild-moderate OSAS group
and severe OSAS group also showed a decrease in
vascular density. In the perifoveal region, there was a
decrease in vascular densities in the overall OSAS and
severe OSAS groups, while in the mild-moderate
OSAS group, the vascular densities were similar to the
control subjects (Fig. 2). Vascular densities in the
other regions were also comparable. Macular choroid
thickness was significantly decreased in overall
OSAS, mild-moderate OSAS, and severe OSAS
groups compared to the control group (Table 2)
(Fig. 3).

In all three OSAS groups, the FAZ areas in all
retinal vascular systems, the FAZ areas in the super-
ficial capillary plexus, the FAZ diameters and the FAZ
acircularity indices were similar to the control group.
Again, foveal vascular densities and all optic disc
vascular densities in all three OSAS groups were
found to be similar to the control group. While the
peripapillary vascular density was found to be
decreased in both overall OSAS and severe OSAS
groups, the vascular density in the mild-moderate
OSAS group was similar to those in the control
subjects (Table 3). It was observed that the time spent
with SpO, below 90% values were positively corre-
lated with the FAZ area (r = 0.33, p = 0.033), but not
with the severity of OSAS.

Discussion

This study showed that the intensity of parafoveal and
perifoveal vessels in the deep capillary plexus
decreased significantly in patients with OSAS when
compared to the control group. In addition, it has been
demonstrated that the choroid layer is thinned and the
peripapillary region vascular density is decreased in
OSAS patients. FAZ-related parameters and foveal
vessel density were found to be similar to the values in
the control group.

Table 1 Descriptive characteristics of all (overall OSAS group), mild-moderate and severe OSAS patients and the control group

Overall OSAS Mild-moderate Severe OSAS  Control P1 P2 P3
group (n =40) OSAS (n=20) (n=20) group
(n=21)

Male 27 14 13 11 p >005 p >005 p >0.05
Female 13 6 7 10
Age* 50.8 + 9.19 49.8 £ 8.9 51.9 +9.54 45 £5.7 p >005 p >0.05 p >0.05
Axial length (mm)* 23.38 £ 0.66 23.4 + 0.59 2335+ 0.74 2357+074 p >005 p >0.05 p>0.05
AHI* 35.86 £+ 24.3 17.34 £ 6.21 54.38 £ 21.24 n/a** Null Null Null
Mean SpO,* 92.15 £ 2.98 93 +13 91.3 + 3.85 n/a** Null Null Null
Lowest SpO,* 79.3 + 8.9 83.85 + 3.9 74.8 £ 10.29  n/a** Null Null Null
Time spent with SpO, 489 + 74.8 21.2 + 309 76.69 £ 94.5 n/a** Null Null Null

below 90% (minutes)*

P1: overall OSAS vs control group, P2: mild-moderate OSAS vs control group, P3: severe OSAS vs CONTROL GROUP

AHI Apnea hypopnea index

*Mean = standard deviation, **not assessed
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Fig. 2 OCTA image showing retinal vessel density in a patient with severe OSAS

consequent sympathetic activation, the release of
pro-inflammatory  mediators and  endothelial

Hypoxia and hypercapnic acidosis due to recurrent
upper respiratory obstruction during sleep, and

@ Springer



1322

Int Ophthalmol (2021) 41:1317-1325

Table 2 Superficial and deep foveal, parafoveal, perifoveal and total vessel density (%) values and macular ch oroidal thickness

between groups

Overall OSAS Mild-moderate Severe OSAS Control group Pl P2 P3

group (n = 40) OSAS (n = 20) (n = 20) (n=21)
(s) Foveal* 14.27 £+ 2.58 14.19 £ 2.89 14.36 £+ 2.31 14.26 £ 3.58 0.992 0.938 0.994
(s) Parafoveal* 42.79 £ 2.71 43 +3 42.52 +2.44 42.7 £ 2.72 0.900 0.685 0.975
(s) Perifoveal® 41.75 £ 1.94 41.34 + 1.89 42.16 + 1.95 41.55 + 2.06 0.704 0.742 0.583
(s) Total* 4225 £2.99 42.69 + 2.74 41.80 £ 3.24 42.82 + 3.67 0.512 0.897 0.577
(d) Foveal* 25.13 £ 3.79 26 + 451 2424 £ 2.73 26.29 + 4.32 0.286 0.851 0.228
(d) Parafoveal* 43.71 £2.82 442 £ 3.49 4323 £ 1.92 51.65 £+ 4.13 <0.001 <0.001 <0.001
(d) Perifoveal* 44 + 1.53 44.24 £+ 2.04 43.76 + 0.73 45.36 + 2.35 0.023 0.113 0.021
(d) Total* 43.53 &£ 2.35 43.66 + 2.64 43.41 £ 2.08 43.34 + 2.62 0.768 0.701 0.995
Macular choroidal 270.05 £ 22.59  269.85 £ 19.79 270.25 £ 25.61 311.61 £ 26.57 < 0.001 <0.001 <0.001

thickness (mm)

(s) Superficial plexus, (d) deep plexus, P1: overall OSAS vs control group, P2: mild-moderate OSAS vs control group, P3: severe

OSAS vs control group
*Mean =+ standard deviation

05/04/2018 Pl

# OD(R)

Overlay
Hm

Fig. 3 OCT image showing choroidal layer thickness of a patient with severe OSAS

dysfunction all play important roles in the pathophys-
iology of OSAS-associated vascular diseases [14].
Hypoperfusion and decreased retinal vascular density,
which occur as the condition gains a chronical
characteristic, may lead to partial axonal degeneration
and thinning of the retinal nerve fibre layer [15]. In our
study, the vessel density in the superficial capillary
plexus of all three OSAS groups was similar to that of
the control group. However, in the deep capillary
plexus, vascular density in the parafoveal and peri-
foveal region was significantly reduced in the overall

@ Springer

OSAS and severe OSAS groups. Coscas et al. reported
that vessel density in DCP decreased more than that in
SCP after retinal vein occlusion, and this was
attributed to higher perfusion pressure and oxygen
saturation as a result of the direct relationship between
SCP and retinal arterioles [16]. An experimental study
using retinal ischemia/reperfusion model in rats
showed that the involvement in DCP is greater than
in SCP [17]. In another study, macular vascular
structures of regular smokers and non-smokers were
compared. Similar to our results, they showed that
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Table 3 Non-flow and FAZ assessment tool parameters and peripapillary and whole optic nerve head vessel density (%) between

groups
Overall OSAS Mild-moderate Severe OSAS  Control group Pl P2 P3
group (n = 40) OSAS (n = 20) (n = 20) (n=21)
FAZ area in full retinal 0.33 £ 0.05 0.32 £ 0.05 034 £004 033005 0572 0.333 0.999
vasculature (mmz)*
FAZ area in SCP (mm?)* 0.27 £ 0.04 0.28 + 0.04 026 £0.03 027 +£0.03 0.760 0.452 0.898
FAZ perimeter (mm)* 2.81 £0.53 2.89 £0.34 283 £025 289+021 0.839 0.993 0.909
Acircularity index of FAZ* 294 £ 025 3+0.25 287+£025 295+0.19 0817 0474 0514
Foveal density-300 (%)* 49.17 £+ 2.98 49.8 + 3.41 48.55 £ 241 4938 £3.65 0.825 0.707 0.688
Peripapillary vessel density — 45.29 4 2.42 46.92 £ 3.66 45 £2.92 4758 £346  0.004 0.615 0.014
(%0)*
Whole optic disc vessel 45.59 £ 3.11 45.55 £ 3.52 45..62 £2.75 4690 £2.85 0.114 0.184 0.153

density (%)*

P1: overall OSAS vs control group, P2: mild-moderate OSAS vs control group, P3: severe OSAS vs control group

FAZ Foveal avascular zone, SCP superficial capillary plexus

*Mean = standard deviation

DCP foveal vessel density decreased, while the
density of SCP vessel did not change [18]. Our
comment of the primary effect of vessel density in
DCP; SCP has a high oxygenation and rich metabolic
support arising from the central retinal artery and
choriocapillaris. In our study, the decrease in DCP
vessel density in OSAS patients and the unaffected
SCP may be related to the duration of the disease. It
may also suggest that the DCP is the first structure to
be affected by hypoxia in OSAS patients.

The choroid, which extends from the edge of the
optic nerve head to the oro serrata, and has a highly
vascularized tissue, may undergo structural changes
due to recurrent hypoxia occurring in OSAS patients.
Choroidal blood flow is regulated by parasympathetic
innervation, in which vasodilator agents are effective.
Recurrent hypoxia and reperfusion lead to increased
oxidative stress and inflammation, endothelial dys-
function, inadequate response to vasodilators, and
increased sympathetic activation. A decrease in
choroidal thickness may ultimately occur due to
decreased choroidal blood flow [19]. Many studies
have shown the thinning of the choroid layer in OSAS
patients [20, 21]. According to He et al., choroidal
blood flow in mild OSAS patients is adequately
maintained, but it is decreased in moderate and severe
OSAS patients [20]. Since the number of mild OSAS
patients in our study was very low, we could not
compare the choroid thickness of these patients with
the control group; however, we found that the choroid

layer in all three OSAS groups was thinner than the
control group. The thinning of the choroid layer in the
overall OSAS group may be due to the fact that the
majority of the subjects in this group consist of
moderate and severe OSAS patients.

The FAZ parameters (area, circumference, acircu-
larity index, and FD-300) can be evaluated by OCTA in
the entire retinal vascular area [22]. The photoreceptors
reside in FAZ and this region shows a high metabolic
activity. FAZ is responsible for central vision. Capillary
dropout, which is a prominent feature of retinal
vasoconstrictive diseases, causes ischemia, angiogene-
sis and retinal neovascularization with vision loss.
Expansions in FAZ are an important indicator of
capillary dropout and can be used to monitor the
progression of the disease [22, 23]. Mastropasqua et al.
reported that FAZ was found to be expanded in patients
with diabetic retinopathy and that this correlated
positively with the severity of the disease [24]. Carn-
eveli et al., on the other hand, have found that FAZ area
in diabetic patients without retinopathy was similar to
that in the healthy control group [25]. One of the most
useful parameters of OCTA showing macular perfusion
is foveal density. The FD-300 is not affected by the FAZ
area, as it measures the vascular density at a distance of
300 um from the FAZ determined by the device. Inanc
et al. reported that compared to the healthy controls,
foveal density decreased significantly in children with
diabetic retinopathy [26]. In the literature, there is
currently no study examining the FAZ parameters and
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FD-300 in OSAS patients. In our study, we found that
FAZ parameters and FD-300 in all three OSAS groups
were similar to the values eht ni control group. On the
other hand, while the FAZ area showed a positive
correlation with the time spent below 90% SpO2, the
FAZ area did not correlate with AHI, which determines
the severity of OSAS. These findings show that a change
related to OSAS has not yet occurred in the FAZ regions
of the patients that were included in the study. This may
suggest that OSAS causes disruption in FAZ parameters
and FD-300 at a later time point than diabetic retinopa-
thy does. Also, the existence and duration of desatura-
tions rather than the severity of OSAS seem to be a more
important predictor for the FAZ expansion.

While the vessels in the macula originate only from
the central retinal artery, the vascular structures in the
peripapillary region originate from the central retinal
artery and the posterior ciliary artery [27]. In previous
studies, it has been shown that posterior ciliary arteries
are more sensitive to high intraocular pressure and
hypercapnia than the central retinal artery in glaucoma
[28, 29]. Yu et al. reported that peripapillary vascular
density decreased significantly in OSAS patients
compared to healthy controls, and this decrease was
associated with the severity of OSAS [9]. Moyal et al.,
on the other hand, found the peripapillary vascular
densities of OSAS patients and healthy controls similar
to each other and attributed this result to the limited
number of patients with severe OSAS in their studies.
The authors made an intragroup comparison among the
OSAS patients and found that the peripapillary vascu-
lar density in patients showing desaturation was lower
than those who did not [10]. Similarly, in our study, we
found that peripapillary vascular densities in both
overall OSAS and severe OSAS groups were lower
compared to the control group. However, all optic disc
vessel densities in these patient groups were found to
be similar to those in the control group.

This study had some limitations. First of all, the
study was conducted in a single center and with a
limited number of patients. In addition, PSG could not
be performed in the control group due to its additional
cost, and this group was established according to the
results of the STOP-BANG survey. In addition, the
limited number of mild OSAS patients prevented us
from grouping OSAS patients separately according to
their severity. All of the patients included in the study
were recently been diagnosed with OSAS. Therefore,
since it could not be deduced how long these patients

@ Springer

have had the disease, studies with longer follow-up
will be needed for a confirmation of the clinical
importance of our findings in the future. One of the
strengths of the study is that this is one of the limited
number of studies in which OCTA, which is the most
current method showing the retinal vascular system,
was used in OSAS patients. In addition, FAZ param-
eters have been evaluated in OSAS patients for the first
time in this study.

In conclusion, our findings indicate that in severe
OSAS patients, deep parafoveal, perifoveal and peri-
papillary vascular densities decrease and the choroid
layer becomes thinner. When evaluating a patient with
OSAS, it should be kept in mind that there may be eye
involvement due to the disease.
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