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Hüseyin Fındık . Metin Çeliker . Mehmet Gökhan Aslan . Fatma Beyazal Çeliker .

Mehmet Fatih İnecikli . Engin Dursun . Murat Okutucu . Ünal Şahin
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Abstract

Purpose To investigate the effect of posterior ocular

hemodynamics on the retinal nerve fiber layer

(RNFL), choroid thickness (CT) and central macular

thickness (CMT) in patients with obstructive sleep

apnea syndrome (OSAS) and to reveal the association

with glaucomatous optic neuropathy.

Methods The research was planned as a prospective,

randomized study. The ophthalmic, retinal and poste-

rior ciliary artery pulsatile index (PI) and resistive

index (RI) were measured by colored Doppler sonog-

raphy. RNFL thickness, CMT and CT were then

measured by spectral-domain optical coherence

tomography.

Results Sixty subjects were divided into four

groups—mild, moderate and severe OSAS and a

control group. There were 16 subjects in the control

group, 14 in the mild OSAS group, 15 in the moderate

OSAS group and 15 in the severe OSAS group.

Ophthalmic artery and central retinal artery PI and RI

values of the OSAS patients did not show statistically

significant difference than those of the control group,

but posterior ciliary artery (PCA) PI and RI values

were significantly higher. In addition, mean, superior

and inferior RNFL thickness values were significantly

lower than those in the control group. Moreover, the

glaucoma prevalence of the OSAS patients in this

study was 6.8% and all of these patients were in the

severe OSAS group.

Conclusion PI and RI values of the PCA, which

supplies the optic nerve, show a linear increase as the

apnea hypoxia index values in OSAS. As the grade of

OSAS improves, this situation leads to a more serious

ischemic optic neuropathy. Furthermore, the preva-

lence of glaucoma in this study is found to be higher in

the severe OSAS group.

Keywords Obstructive sleep apnea syndrome �
Retinal nerve fiber layer � Spectral-domain optic

coherence tomography

Introduction

Obstructive sleep apnea syndrome (OSAS) involves

recurring partial or complete obstruction of the upper
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airways during sleep [1, 2]. It is quite common in

general society, ranging from 3 to 7%. Changes in

various blood parameters caused by hypercapnia and

hypoxia lead to a decrease in blood pH and increased

blood NO, VEGF and endothelin levels and result in

humoral and vascular changes, such as vascular

endothelial dysfunction, vascular remodeling and

hypertension [3–5]. OSAS is also associated with

various ocular disorders, such as ischemic optic

neuropathy, glaucoma and floppy iris syndrome

[6–15]. Choroidal tissue possesses a diffuse vascular-

ity, and although it is more exposed to systemic

autonomic changes than other posterior ocular tissues,

it easily adapts to these conditions [16]. In addition,

endothelial levels are more dominant than NO in

choroidal blood flow [17, 18]. For these reasons,

choroidal evaluation by OCT may be a useful method,

not only as a marker of changes in ocular tissue, but

also as an early indicator of systemic vascular

changes.

Materials and methods

This study was performed between December, 2016,

and March, 2017, in line with the principles of the

Declaration of Helsinki. Approval was granted by the

local ethical committee. Written and verbal consent

was obtained from the participants.

Forty-four patients diagnosed with OSAS formed

the OSAS group, and 16 subjects with a low OSAS

risk profile formed the control group. Subjects aged

over 18 years old with Snellen’s best corrected vision

acuity equal or greater than 20/25, diagnosed as OSAS

for the first time, without a history of previous

treatment for OSAS and with no other systemic

disease were included in this study. Subjects with a

history of previous eye surgery, intravitreal injection

or any other ocular disease (such as ocular trauma,

secondary glaucoma, uveitis) with a spherical equiv-

alent greater than ± 2 diopters (D) and an axial length

(AL) greater than 24.99 mm were excluded.

All patients were monitored using a polysomnog-

raphy system (GRASS, AS40, Natus Medical, Ontar-

io, Canada) at the Department of Pulmonary Diseases

Sleep Laboratory. Subjects with a clinical suspicion of

OSAS underwent standard nocturnal polysomnogra-

phy. Subjects were monitored for at least 6 h from

10 pm in a silent, individual sleep laboratory. The AHI

was assessed for each patient based on American

Academy of Sleep Medicine standards. Subjects with

AHI\ 5 were classified as the control (C) group,

those with AHI between 5 and 15 as the mild

(M) OSAS group, those with AHI between 15 and

30 as the moderate (Mo) OSAS group and those with

AHI C 30 as the severe (S) OSAS group [19].

The mean and standard deviation values were

calculated for parametric variables. Kolmogorov–

Smirnov test yielded normal distribution for all groups

(p[ 0.05). Variance homogeneity was determined by

Levene’s test. Parametric variables were analyzed by

one-way analysis of variance (ANOVA) test. Sch-

effé’s test was used for post hoc comparisons of

significant values. Sex differences among all groups

were analyzed by Chi-square test. In addition,

ANCOVA statistical test was performed to control

the effect of intraocular pressure on mean RNFL

decrease. In all analyses, the level of significance was

set at 0.05. All statistical analyses were performed

using SPSS for Windows version 22.0 (IBM Corp.,

Armonk, NY, USA).

Ophthalmological examination

All subjects received a comprehensive ophthalmolog-

ical examination including Snellen’s best corrected

visual acuity, biomicroscopic anterior segment exam-

ination, dilated fundus examination, pachymetry,

Goldman applanation tonometry, perimetry (Octopus

500) EZ perimeter (Interzeag AG, Schlieren, Switzer-

land) and peripapillary RNFL, macula and CT

screening. CMT, RNFL and CT measurements were

performed by advanced depth imaging Cirrus HD

spectral OCT (Carl Zeiss Meditec, Dublin, CA) [19].

The pupils were not dilated for routine imaging.

However, pupillary dilation was performed on sub-

jects with very small pupil dimensions in order to

obtain proper quality images when necessary. Images

with a signal power equal or greater than 7 were

evaluated. CT measurements using OCT were per-

formed at 10 am in order to reduce the possibility of

diurnal choroid fluctuation-related changes [20]. Cen-

tral subfoveal choroid thickness (CSCT), temporal

choroid thickness (TCT; 0.5, 1, and 1.5 mm from the

fovea) and nasal choroid thickness (NCT; 0.5, 1, and

1.5 mm from the fovea) measurements were per-

formed by two technicians (RY and AS) blinded to the
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patient data. Measurements that show difference by

more than 10% between the two technicians were

excluded from the study. Peripapillary RNFL thick-

ness values were assessed in the mean, superior,

temporal, nasal and inferior quadrants by using an

optic disk 200 9 200 scan protocol.

Orbital color Doppler ultrasonography for retrob-

ulbar blood flow was performed on all patients at the

Department of Radiology (XDclear LOGIQ E9, GE

Vingmed, Norway). A 9-MHz linear surface probe

was used, and the measurements were performed

between 12 and 13 pm. The patients were asked to lie

down in a supine position. They were asked to shut

their eyes and look toward the ceiling. Pulsatile index

(PI) and resistive index (RI) were calculated from the

OA, CRA and PCA (RI = peak systolic velocity

(PSV) - end diastolic velocity/PSV).

Results

Sixty subjects, 16 forming the control group, 14 the

mild OSAS group, 15 the moderate OSAS group and

15 the severe OSAS group, were included in the study.

The patients with OSAS were subdivided on the basis

of AHI values.

Participants’ age, sex and clinical data are shown in

detail in Table 1. There was no statistically significant

difference between the groups in terms of age, sex,

pachymetry, visual acuity (VA), spherical equivalent

(SE) values. However, body mass index (BMI), IOP

Table 1 Demographic and clinical data depending on fre-

quency of apnea–hypopnea per hour of sleep (apnea–hypopnea

indexes). Control group (C; AHI\ 5), mild obstructive sleep

apnea syndrome (OSAS) group (M; 5 B AHI\ 15), moderate

OSAS group (Mo; 15 B AHI\ 30) and severe OSAS group

(S; AIH C 30)

Group C (n = 16) Group M (n = 14) Group Mo (n = 15) Group S (n = 15) p valuea

Age 51.19 ± 8.74 52.43 ± 7.26 52.87 ± 9.39 55.20 ± 11.45 0.689b

Sex 10 M/6 F 7 M/7 F 7 M/8 F 7 M/8 F 0.822c

Pachymetry 548.44 ± 31.78 547.86 ± 32.70 547.80 ± 20.79 536.07 ± 41.40 0.676b

IOP 13.25 ± 2.52 14.64 ± 2.47 14.80 ± 2.31 17.40 ± 3.25 0.001b

AHI 0.00 ± 0.00 7.34 ± 3.19 20.14 ± 4.71 45.00 ± 9.03 \ 0.05b

AL 22.94 ± 0.73 22.87 ± 0.72 22.92 ± 0.60 23.03 ± .56 0.934b

VA 0.96 ± 0.04 0.94 ± 0.05 0.94 ± 0.04 0.96 ± 0.04 0.472b

SE 0.18 ± 1.18 0.48 ± 0.94 0.34 ± 0.83 0.37 ± 0.96 0.873b

BMI 25.65 ± 1.34 25.95 ± 1.50 26.35 ± 1.30 31.49 ± 0.93 \ 0.05b

Variables are expressed as mean ± SD

M male, F female, SE spherical equivalent; diopter, IOP intraocular pressure; mmHg, Al axial length; mm, AHI apnea–hypopnea

index, BMI body mass index; kg/m2, pachymetry l micron, SD standard deviation
aLevel of significance, p\ 0.05, bone-way ANOVA, cChi-square test

Table 2 RNFL and CMT measurements in the study groups (l ± SD)

Group C (n = 16) Group M (n = 14) Group Mo (n = 15) Group S (n = 15) p valuea

Mean RNFL (l ± SD) 90.84 ± 11.20 91.20 ± 7.77 88.88 ± 8.80 81.02 ± 11.76 0.026b

Superior RNFL (l ± SD) 113.19 ± 18.94 110.07 ± 13.98 106.00 ± 21.79 95.07 ± 17.30 0.046b

Temporal RNFL (l ± SD) 70.63 ± 13.20 66.21 ± 9.36 65.07 ± 9.80 63.60 ± 9.74 0.57c

İnferior RNFL (l ± SD) 115.81 ± 19.88 120.71 ± 15.60 115.53 ± 14.62 100.80 ± 20.66 0.024b

Nasal RNFL (l ± SD) 63.75 ± 8.19 67.79 ± 9.26 68.93 ± 7.72 64.60 ± 13.14 0.409b

CMT (l ± SD) 250.63 ± 20.49 258.36 ± 18.31 242.93 ± 25.02 246.67 ± 35.38 0.421b

Variables are expressed as mean ± SD

l microns, SD standard deviation, RNFL retinal nerve fiber layer, CMT central macular thickness
aLevel of significance, p\ 0.05, bOne-way ANOVA, cKruskal–Wallis test
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and AHI values showed statistically significant dif-

ference among all groups. (p\ 0.05).

Three of the patients in the severe OSAS group had

a decrease in RNFL thickness values and, moreover,

had IOP values over 21 mm-Hg. These patients’

visual field loss patterns were compatible with glau-

coma. OCT and colored Doppler USG measurements

of posterior ocular structures in the OSAS and control

groups are shown in detail in Tables 2 and 3. RNFL

thickness values decreased significantly in the severe

OSAS group compared to the other groups, in terms of

mean values and the superior and inferior quadrants

(p = 0.026, p = 0.046, and p = 0.024, respectively),

(Figs. 1, 2, 3). No significant difference was observed

among the groups in terms of nasal and temporal

quadrant RNFL thickness or CMT values (p[ 0.05).

Table 3 Blood velocities in orbital vessels obtained using CDI (mean ± SD)

Group C (n = 16) Group M (n = 14) Group Mo (n = 15) Group S (n = 15) p value

OA, PI 1.34 ± 0.30 1.21 ± 0.22 1.32 ± 0.39 1.36 ± 0.30 0.575

OA, RI 0.69 ± 0.06 0.68 ± 0.05 0.69 ± 0.08 0.70 ± 0.07 0.883

SRA, PI 0.97 ± 0.24 1.03 ± 0.26 1.00 ± 0.26 1.02 ± 0.24 0.934

CRA, RI 0.59 ± 0.08 0.63 ± 0.06 0.60 ± 0.04 0.62 ± 0.08 0.357

PCA, PI 1.01 ± 0.15 1.03 ± 0.18 1.03 ± 0.21 1.36 ± 0.30 \ 0.05

PCA, RI 0.63 ± 0.04 0.63 ± 0.05 0.62 ± 0.06 0.70 ± 0.07 \ 0.05

p values among groups were calculated using one-way ANOVA

OA ophthalmic artery, CRA central retinal artery, PCA posterior ciliary artery, RI resistive index, PI pulsatility index

Fig. 1 Distribution of average retinal nerve fiber layer (RNFL) thickness in mild, moderate and severe obstructive sleep apnea

syndrome (OSAS) and control groups
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PCA PI and RI indices were statistically significantly

higher in the severe OSAS group compared to the

other groups (p\ 0.05), while no significant differ-

ence was observed among the groups in terms of OA

and CRA PI and RI indices (p[ 0.05), (Figs. 4, 5). No

significant difference was observed among the groups

in terms of temporal, subfoveal or mean CT values

(p[ 0.05) (Table 4), (Fig. 6).

Negative correlation was observed between AHI

and mean, superior and inferior RNFL thickness

values, while there was a positive correlation with

IOP values (r = - 0.313, p = 0.015; r = - 0.3,

p = 0.02; r = - 0.278, p = 0.032 and r = 0.472,

p\ 0.01, respectively), (Fig. 7). In addition, AHI

was positively correlated with PCA PI and RI indices

(r = 0.521, p\ 0.01 and r = 0.428, p\ 0.01, respec-

tively), (Figs. 8, 9). IOP values were significantly

positively correlated with PCA PI and RI indices

(r = 0.336, p = 0.009 and r = 0.395, p = 0.002,

respectively). However, when the RNFL thickness

decrease was determined independent of IOP, the

decrease was not statistically significant (p = 0.13)

(Fig. 10). A negative correlation was determined

between AHI and CT values, and this was not also

statistically significant (p[ 0.05). In addition, nega-

tive correlation was observed between PCA RI indice

and mean CT value (r = 0.264, p = 0.042).

Discussion

The purpose of this study was to determine the

changes in orbital flow in patients newly diagnosed as

OSAS without any other systemic disease, and the

effect of OSAS on RNFL, CMT and CT values

measured by SD-OCT with the enhanced depth

imaging modality.

OSAS causes various levels of neural, humoral and

endothelial abnormality in vascular regulation and

therefore represents an important risk factor in terms

of disposition to cardiovascular and neurovascular

diseases [21]. Repetitive airway obstructions

Fig. 2 Distribution of inferior retinal nerve fiber layer (RNFL) thickness in mild, moderate and severe obstructive sleep apnea

syndrome (OSAS) and control groups
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occurring during sleep result in a series of hemody-

namic, humoral and neuroendocrine responses by

leading to hypoxia and hypercapnia [22]. Compared

with the waking state, a decrease occurs in partial O2

and an increase in partial CO2 [23]. Since ocular blood

pressure is a component of the cerebral circulation, the

above cycle is repeated in the same way there [17].

However, this autoregulation mechanism causes an

increase in vascular resistance indicating vascular

damage by being insufficient in the event of persisting

pathological processes. As a result, an increase will

occur in PI and RI in order to preserve perfusion

pressure, particularly in the PCA. Our study findings

revealed an increase in RI and PI indices of PCA in the

severe OSAS group compared to the control group.

This study considered OCT findings together with

retrobulbar blood flow as a cause of changes in

posterior ocular tissues. Previous studies have consid-

ered retrobulbar flows and OCT findings separately at

various levels [24, 25]. To the best of our knowledge,

this is the first study that retrobulbar blood flow is

investigated as a major cause of changes in macular,

choroid and RNFL thicknesses. RNFL thickness

changes identified with optic nerve head analysis

represent the most important part of these in terms of

vascular activation. Hayreh et al. used angiofluores-

ceinography to show that the short PCA supplies the

optic nerve head [26]. The optic nerve head is the area

most affected when ocular perfusion pressure (OPP)

decreases. OPP is defined as the difference between

median arterial pressure (MAP) and IOP (OPP =

MAP - IOP). Decreased MAP or increased IOP can

reduce ocular perfusion pressure. Perfusion in ocular

tissues gradually starts to decrease together with the

severity of OSAS. If autoregulation continues, a

continuous decrease will also continue in OPP [27].

Some have suggested that physiological nocturnal

hypotension, in the presence of other vascular risk

factors, can reduce optic nerve head circulation to

below critical levels and thus be involved in the

pathogenesis of anterior ischemic neuropathy and

glaucoma [28–31]. Karakucuk et al. revealed a

Fig. 3 Distribution of superior retinal nerve fiber layer (RNFL) thickness in mild, moderate and severe obstructive sleep apnea

syndrome (OSAS) and control groups
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relation between OA and CRA RI values and the

visual field in patients with OSAS, and determined a

positive correlation between visual field MD values

and OA RI and CRA RI values [25]. However, they

determined no significant difference among the con-

trol and OSAS groups in terms of OA or CRA RI

values. They explained this as indicating that patho-

logical changes in the optic nerve occur during periods

of apnea and the RI values measured sonographically

in patients with OSAS being similar to those of the

healthy group show that these values return to normal

during the day. However, one significant limitation of

that study was that it did not include RI values for the

PCA, which has a smaller diameter compared to that

OA and CRA and that is frequently affected in OSAS.

In our study, although OA and CRA RI and PI values

were similar in the patients with OSAS and the control

group, we determined significantly elevated PCA RI

and PI values. In addition, despite a negative corre-

lation between mean, superior and inferior RNFL

thickness values and PCA PI and RI values, we

observed no significant relation with OA and CRA RI

values.

In one of the few studies on this subject, Erdem

et al. reported significantly higher flow rates in the

PCA in patients with OSAS compared to a control

group, but observed no significance between the

groups in terms of flow rates in either OA or SRA

[32]. These findings were similar to our own study.

However, in contrast to our study, RI values measured

in all three arteries in that study were similar to those

of the control group.

Karakucuk et al. [25] reported a 12.9% (4 of 31

patients) level of glaucoma in patients with OSAS.

They also determined a positive correlation between

OA RI values and MD values. However, PCA flow

values were not given in that study. We determined

that PCA PI and RI values were negatively correlated

with RNFL thickness values. Moreover, we deter-

mined positive correlation between IOP values and

PCA PI and RI values. Similarly to the above study,

Fig. 4 Distribution of posterior ciliary arteries pulsatility index in mild, moderate and severe obstructive sleep apnea syndrome

(OSAS) and control groups
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6.8% of the patients (3 of 34 patients) in this study had

glaucoma and were in the severe OSAS group.

Previous studies on the effect of OSAS on CT

among posterior ocular tissues have reported that

choroidal tissue can be affected to various degrees

depending on the duration of OSAS and associated

hemodynamic complications. In a study of OSAS

patients with a mean age of 41, Özge et al. reported

greater submacular CT in an OSAS group compared to

the control group [33]. In contrast, Zengin et al.

determined no difference in CT between OSAS and

healthy groups [34]. Another study reported choroidal

thinning in patients with OSAS [35, 36]. The studies

all show that choroidal vascular changes in patients

Fig. 5 Distribution of posterior ciliary arteries resistivity index in mild, moderate and severe obstructive sleep apnea syndrome

(OSAS) and control groups

Table 4 Submacular choroidal thickness measurements in the four groups (l ± SD)

Group C (n = 16) Group M (n = 14) Group Mo (n = 15) Group S (n = 15) p valuea

Mean NCT (l ± SD) 241.29 ± 50.50 246.71 ± 73.12 239.47 ± 68.61 253.87 ± 76.76 0.937b

Mean TCT (l ± SD) 279.54 ± 47.29 279.79 ± 42.50 268.73 ± 64.83 254.87 ± 34.44 0.458b

CSCT (l ± SD) 296.38 ± 64.51 282.21 ± 51.36 280.00 ± 79.08 277.13 ± 48.23 0.828b

Mean CT (l ± SD) 262.52 ± 39.49 265.36 ± 44.70 254.10 ± 58.22 254.37 ± 43.47 0.883b

Variables are expressed as mean ± SD

Mean NCT mean nasal choroidal thickness at 500, 1000, 1500 lm nasal to the fovea, mean TCT mean temporal choroidal thickness at

500, 1000, 1500 lm nasal to the fovea, CSCT central subfoveal choroidal thickness, mean CT mean submacular choroidal thickness

at 500, 1000, and 1500 lm nasal and temporal to the fovea
aLevel of significance, p\ 0.05, bOne-way ANOVA
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Fig. 6 Distribution of mean

choroid thickness in mild,

moderate and severe

obstructive sleep apnea

syndrome (OSAS) and

control groups

Fig. 7 Negative correlation between apnea hypoxia index (AHI) and mean retinal nerve fiber layer (RNFL) thicknesses
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Fig. 8 Positive correlation

between apnea hypoxia

index (AHI) and posterior

ciliary arteries pulsatility

index (PCA)

Fig. 9 Positive correlation

between apnea hypoxia

index (AHI) and posterior

ciliary arteries resistivity

index (PCA)
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with OSAS can develop over time. The difference

between our study and the studies cited above is that

they investigated changes in CT independent of

retrobulbar blood flow. The mean ages of the OSAS

and control groups in our study were 53 and 51,

respectively. We observed similar mean, nasal, tem-

poral, subfoveal and mean CTs in the OSAS group and

the control group. However, there was a negative

correlation between PCA RI values and mean choroid

thickness. At the same time, we observed similar CMT

values in the OSAS and control groups. Blood CO2

concentrations increase as a result of recurring apnea

attacks in patients with OSAS. CO2 concentrations

play an important role in ocular blood flow modula-

tion, a component of the cerebral circulation. The

dilator effect of CO2 is mainly limited to small vessels

and the peripheral vascular bed [34]. Since the PCA

has a smaller vascular diameter than the OA and CRA,

it will probably be more affected by CO2 levels.

There are a number of limitations to this study. The

most important of these is that retrobulbar flows and

OCT findings could not be evaluated using an

appropriate method during polysomnography. We

performed Doppler and OCT measurements the day

after polysomnography. We also think that larger

patient numbers will increase the sensitivity of OCT

data concerning choroid tissue in particular.

In conclusion, PI and RI values in the PCA were

higher in the patients with OSAS. With its smaller

diameter, PCA is more prone to stenosis and this

situation may explain the optic nerve ischemia and the

decrease in RNFL thickness. However, the absence of

significant variation at CT and CMT values among the

OSAS patients and the control group may be explained

by normal PI and RI values in the OA and CRA. As a

result, we observed significantly lower mean, superior

and inferior RNFL values in the OSAS patients

compared to the control group. We think that

neurodegeneration emerging due to vascular dysreg-

ulation in OSAS leads to ischemic optic neuropathy.

We therefore think that vascular regulation should not

be overlooked in the diagnosis, follow-up and treat-

ment of glaucomatous optic neuropathy.

Fig. 10 Average RNFL thickness distribution among study groups independent of IOP and pachymetry values
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