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Evaluation of posterior ocular changes using enhanced depth imaging-optical
coherence tomography in patients with obstructive sleep apnea syndrome

Avaliagdo das alteragées oculares posteriores utilizando tomografia de coeréncia optica de profundidade
aprimorada em pacientes com sindrome de apneia obstrutiva do sono

isa Yuvaci!, EMINE PanGAL!, NURETTIN BavRaM!, Seval ARIK YUKSELZ, BEDIRHAN ALABAY!, ALPEREN AGADAYI!, ENDER SIRaKAYA!, AHMET GULHAN!

ABSTRACT

Purpose: Evaluation of the nerve fiber thicknesses of the macula, choroid, and
retina using the apnea-hypopnea index in individuals with obstructive sleep apnea
syndrome (OSAS) without systemic components.

Methods: Prospective, controlled study. The central macular, choroidal, and
retinal nerve fiber layer (RNFL) thicknesses were evaluated using enhanced depth
imaging-spectral domain optical coherence tomography in individuals with
OSAS. In people with severe OSAS who had received treatment, posterior ocular
structures were examined over 3 months (4" and 12" weeks), and changes were
evaluated. Only the right eyes of the participants were evaluated in the study.

Results: A total of 72 people were involved in the study, with 18 in the control
group and 19 with mild, 16 with moderate, and 19 with severe OSAS. No significant
difference was found among the groups in terms of demographic measures. No
significant differences were found among the groups in terms of the measures
of central macular, central subfoveal choroidal (CSCT), temporal choroidal, nasal
choroidal, and RNFL thicknesses. In severe OSAS cases in which treatment was
administered, although subjective clinical recovery was observed, statistically sig-
nificant thinning was detected during the 3-month follow-up period in the CSCT,
general RNFL, as well as in the inferior and superior nasal quadrants, and temporal
superior quadrant (p=0.005, p=0.009, p=0.039, p=0.003, and p=0.02, respectively).
Conclusion: In the group with severe OSAS, thinning in some posterior ocular
tissues was observed. Although patients with severe OSAS may experience clini-
cal recovery, we recommend that they would be followed up in terms of ocular
ischemic injury.

Keywords: Sleep apnea syndromes; Macula; Choroid; Tomography, optical co-
herence; Nerve fibers; Retina

RESUMO

Objetivo: Avaliacdo de espessuras das fibras nervosas da mdcula, coroide e da retina
de acordo com os indices de apnéia e hipopnéia (AHI) em individuos com sindrome
da apneia obstrutiva do sono (OSAS), sem componentes sistémicos.

Métodos: Estudo prospectivo, controlado. As espessuras centrais maculares, da
coroide e da camada de fibras nervosas da retina foram avaliadas tomografia de
coeréncia dptica de dominio espectral de profundidade aprimorada em individuos
com sindrome da apneia obstrutiva do sono. Em pessoas com OSAS grave a quem
foi aplicado o tratamento, estruturas oculares posteriores foram examinados por trés
meses (42 e 122 semanas) e as alteracées foram avaliadas. Apenas os olhos direitos
dos participantes foram envolvidos no estudo.

Resultados: 72 pessoas foram envolvidas no estudo, 18 no grupo controle e, 19 com
OSAS leve, 16 com OSAS moderada e 19 com OSAS grave. Néo houve diferenca signi-
ficativa entre os grupos em relagdo as medidas demogrdficas. Ndo houve diferen¢as
significativas estavam presentes entre os grupos em termos de medidas de espessura
macular central (CMT), espessura subfoveal central da coroide (CSCT), espessura
da coroide temporal (TCT), espessura da coroide nasal (NCT) e, a camada de fibras
nervosas da retina (RNFL). Em casos de OSAS graves onde o tratamento foi aplicado,
apesar de ter sido observada recuperacdo clinica subjetiva, detectou-se afinamento
estatisticamente significativo durante os trés meses de acompanhamento, em CSCT,
RNFL geral, quadrantes nasais inferior e superior, e quadrante temporal superior
(p=0,005, p=0,009, p=0,039, p=0,003, p=0,02).

Conclusdo: No grupo com OSAS grave, foi observado afinamento em algumas dreas
posteriores dos tecidos oculares. Embora os pacientes com OSAS grave possam
apresentar recuperacdo clinica, recomendamos que eles sejam sequidos em termos
de lesGo isquémica ocular.

Descritores: Sindromes da apneia do sono; Macula, Coroide; Tomografia de coeréncia
optica; Fibras nervosas; Retina

INTRODUCTION

Obstructive Sleep Apnea Syndrome (OSAS), which is the comple-
te or partial obstruction of the upper airways recurrently during sleep,
is fairly common, at rates of 3%-7% in the population?. Resultant
hypercapnia and re-oxygenation cause humoral and vascular chan-
ges by modifying several blood parameters such as lowering of pH,
increasing of nitric oxide (NO), and vasodilatation caused by hypoxia.
Consequently, changes occur in the balance between vasodilatation
and vasoconstriction in blood vessels. Additionally, hypercapnia cau-
ses an increase in tonus by causing systemic autonomic dysfunction.
Eventually, apnea and hypopnea contribute to the development

of complications such as atherosclerosis, endothelial dysfunction,
vascular remodeling, and hypertension; and this condition might
transform apnea and hypoapnea into a harmful stimulants for the
cardiovascular system®®). Continuous positive airway pressure (CPAP)
is used for the treatment of OSAS®.

The choroidal tissue has extensive vasculature and can easily adapt
to resultant systemic changes. In contrast to other posterior ocular
tissues, choroidal vessels are subjected to systemic autonomic regu-
lation”. Therefore, the choroid is affected by the resultant autonomic
dysfunction. In addition, normally, endothelin levels are more predo-
minant than NO in choroidal blood flow, and, there exits systemic
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increase in NO level in OSAS®?. For these reasons, choroidal evalua-
tion can not only show the influence of the disease on ocular tissues
but can also be a useful indicator for early determination of systemic
vascular injury. Main explanations for existing retinal thickness might
be changes in vascular permeability that can occur due to alteration
in hemodynamic parameters, such as hypoxia and hypercapnia; in-
crease in growth factors and the extension of the process as a result
of apnea and hypopne.

Hypercapnia-hypoxia that occurs at night because of the disease
can cause injury in the head of the optic nerve, which is extremely
sensitive to hypoxia, and ganglion cells'®'". Glaucoma is more com-
monly seen in individuals with the disease!?. Impairment of the
balance between NO and endothelin is one of the factors which is
attributed with ganglion cell injury in patients with glaucoma. As
mentioned above, the delicate balance between NO and endothelin
is also impaired in OSAS, and this suggests that glaucoma-like injury
can occur. Increases in intraocular pressure (IOP) can affect the optic
nerve and make it more sensitive to glaucoma-like injury. The more
glaucoma and hypoxic medium, the more ganglion cells and optic
nerve are vulnerable to high rates of injury.

Spectral domain optic coherence tomography (SD-OCT) can de-
tect low degree retinal nerve losses in these tissues during the early
stages of OSAS.

The effect of OSAS on the macula, choroid, and retinal nerve fiber
layer (RNFL) has not been comprehensively studied>'?; moreover,
these studies have conflicting results. Most of these studies have
assessed the choroidal and RNFL or choroidal and retinal thickness.
However, in our present study, all of the retinal, choroidal, and RNFL
thicknesses have been evaluated. The aim of the present study is to
evaluate posterior ocular structures in patients with newly diagnosed
OSAS without any systemic disease and also evaluate posterior ocular
alterations before treatment and during a 3-month follow-up.

METHODS

The present study was conducted in our clinic between Februa-
ry 2014 and January 2015. Approval was obtained from the Erciyes
University Ethics Committee for the study, which was conducted in
accordance with the principles of the Helsinki Declaration. Written
and verbal consent was obtained from the participants.

Inclusion criteria were >18 years of age, diagnosis with OSAS for
the first time, no treatment received for OSAS, and no other systemic
disease. Exclusion criteria were corrected visual acuity <0.8, a history
of previous ocular surgery or intravitreal injection, presence of any
ocular disease, spherical equivalent (SE) greater than +3 diopters (D),
SE value lesser than -3 D, and ocular axial length (AL) >24.99 mm.

Following polysomnography performed in the Neurology Sleep
Laboratory, patients were classified according to the frequency of
apnea-hypopnea per hour of sleep (apnea-hypopnea indexes, AHI).
Those with <5 AHI were placed in the control (C) group, those with
5-15 AHI were classified in the mild (M) OSAS group, those with 15-30
AHI were classified in the moderate (Mo) OSAS group, and those with
>30 AHI were classified in the severe (S) OSAS group®.

All patients underwent routine ophthalmological examination,
and biometric measurements were made using an IOL Master (Carl
Zeiss Meditec, Dublin, CA). Later, the macula, choroid, and RNFL
thicknesses were measured with SD-OCT in each patient. Those indi-
viduals who were diagnosed with severe OSAS and for whom treat-
ment was started were re-evaluated after 4 and 12 weeks in terms
of ocular examination and measurement of the posterior ocular
structures. Only the right eyes of the participants were evaluated in
the present study.

PROCEDURE OF IMAGE ACQUISITION

The central macular thickness (CMT), RNFL thicknesses, and
choroidal thickness (CT) measurements were obtained using the
Spectralis SD-OCT (Heidelberg Engineering; wavelength: 870 nm)
with the enhanced depth imaging modality that has previously
been described) (Figure 1)19. All subjects were imaged by the same
experienced technician. The central subfoveal choroidal thickness
(CSCT), temporal choroidal thickness (TCT; 1 mm temporal CT from
the fovea), and nasal choroidal thickness (NCT; 1 mm nasal CT from
the fovea) were measured by two clinicians (LY. and E.P) in a blinded
manner, without knowledge of information of the subjects, and the
mean of their measurements was used in the analysis. Measurements
with a difference larger than 10% between the clinicians were ex-
cluded from the study. The peripapillary RNFL thickness parameters
were automatically calculated using the same SD-OCT device and
divided into regions including nasal (N) quadrant thickness (90°),
nasal superior (Ns) quadrant thickness (45°), nasal inferior (Ni) qua-

HEIDELBEIH
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Figure 1. Example of enhanced depth imaging-optic coherence tomography measurements. Central subfoveal choroidal thickness (CSCT), temporal
choroidal thickness (TCT; 1 mm temporal CT from the fovea), and nasal choroidal thickness (NCT; T mm nasal CT from the fovea).
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drant thickness (45°), temporal (T) quadrant thickness (90°), temporal
superior (Ts) quadrant thickness (45°), temporal inferior (Ti) quadrant
thickness (45°), and mean (G) thickness (360°) (Figure 2). To minimize
the possibility of choroidal changes attributable to diurnal choroidal
fluctuations"”, all scans were performed during the same time of the
day between 11:00 a.m.-12:00 p.m.

STATISTICAL ANALYSES

All statistical analyses were performed using SPSS for Windows
version 22.0 (IBM Corp., Armonk, NY, USA). Continuous variables were
presented as the mean + standard deviation. Normal distribution
was evaluated using the Kolmogorov-Smirnov test. Homogeneity
of variances was tested using Levene's test. The one-way analysis of
variance (ANOVA) test was used to analyze parametric data. When
a significant result was obtained, Scheffé's test was used for post
hoc comparisons. For non-parametric statistics, data were analyzed
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using the Kruskal-Wallis test. When a significant result was obtained,
the Mann-Whitney U test with Bonferroni’s correction was used for
post hoc comparisons. Differences between variables at specific
time points of severe OSAS patients were analyzed by the repeated
measures ANOVA test. A P value of <0.05 was considered statistically
significant.

RESULTS

Seventy-two patients with OSAS participated in the present studly.
Patients were classified according to the AHI.

The demographic and clinical data of the participants are given
in detail in table 1. No statistically significant difference was obser-
ved among the groups in terms of age, AL, IOP, or SE. However, the
body mass index (BMI) was significantly higher in group S than in the
other groups, whereas no significant difference existed among the
other groups.
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Figure 2. Example of retinal nerve fiber layer (RNFL) thicknesses classification.

Table 1. Demographic and clinical data according to the frequency of apnea-hypopnea per hour of sleep (apnea-hypopnea
indexes, AHI). Control group (C; AHI <5), mild obstructive sleep apnea syndrome (OSAS) group (M; 5 <AHI <15), moderate
OSAS group (Mo; 15 <AHI <30), and severe OSAS group (S; AlH =30)"¢

Group C (n=18) Group M (n=19) Group Mo (n=16) Group S (n=19) P value
Age 476+66 503+75 4500+103 53.0+54 0.053°
Sex 9M/9F 9M/10F 8M/8F 9M/10F >0.050
SE -040 + 045 0.18+0.89 -0.39+0.86 -0.01 £ 0.95 0.085¢
IOP 1510+ 2.70 1390+ 2.70 1340+ 2.20 15.00 £ 2.60 0.145¢
AL 23.80 +0.80 2320 +0.90 23.70 + 0.60 23.60 + 0.80 0.163°
AHI 0.0 940 21.70 45.10 <0.050¢
BMI 266+28 27.7+£25 275+29 327 %21 <0.050°

Variables are expressed as the mean + standard deviation.

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/m?.
°= level of significance, P<0.05; = one-way ANOVA; = Kruskal-Wallis test.
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Measurements of posterior ocular structures of groups C, M, Mo,
and S are given in detail in table 2. No significant differences were
observed among the groups in terms of CMT, CSCT, TCT, NCT, and
RNFLs measurements (p=0.184, p=0.056, p=0.230, p=0.320, p>0.005,
respectively).

After treatment, some posterior ocular structures changed signi-
ficantly in group S. While the CMT was 273.05 um before treatment,
it decreased to 272.00 ym after 4 weeks and to 270.52 um after 12
weeks. Furthermore, the CSCT was 290.47 um before treatment
and decreased to 285.68 um after 4 weeks and to 277.42 um after
12 weeks. Finally, the mean RNFL was 101.10 um before treatment,
which decreased to 99.26 um after 4 weeks and to 96.47 um after 12
weeks. Table 3 shows these data in detail. Whereas statistically sig-
nificant thinning was observed in the CSCT, G, Ni, Ns, and Ts during
the 3-month follow-up of individuals with severe OSAS (p=0.005,
p=0.009, p=0.039, p=0.003, and p=0.02, respectively), no statistically

significant changes were found in the CMT, NCT, TCT, T, Ti, or N
measurements.

DISCUSSION

Various pathologies can be triggered by the additional effects
that hemodynamic, humoral, and neurological changes have on cir-
culation because of the resultant hypoxic and hyperbaric attacks that
develop during OSAS. For instance, the frequency of macular edema
is higher in individuals with OSAS with diabetes mellitus (DM) than
in normal individuals, and thus OSAS poses a different risk for those
with DM in terms of macular edema"®. Additionally, ocular diseases
such as glaucoma usually accompany OSAS101),

The effects of OSAS on posterior ocular tissues have been inves-
tigated in several studies""'¥. In a study which investigated the
differences in choroidal and RNFL thickness, the control group was

Table 2. Posterior ocular structures measurements according to the frequency of apnea-hypopnea per hour of sleep
(apnea-hypopnea indexes, AHI). Control group (C; AHI <5), mild obstructive sleep apnea syndrome (OSAS) group
(M; 5 <AHI <15), moderate OSAS group (Mo; 15 <AHI <30), and severe OSAS group (S; AIH =30)""®

Group C (n=18) Group M (n=19) Group Mo (n=16) Group S (n=19) p value®
Choroidal thicknesses
CSCT 302.50 + 86.90 323.60 +67.60 322.90 + 76.80 29047 +69.20 0.056°
NCT 27850+ 8145 278.05+92.28 284.20 +£82.20 23426 +5733 0.320¢
TCT 28827 +80.79 284.73 +£85.99 293.50 £ 65.20 24247 +56.78 0.230°
CMT 27211 +1743 262.15+30.90 259.56 £ 19.97 27305+ 17.94 0.184°
Retinal fiber layer thicknesses
N 7644 +051 76.78 £14.10 7375+1145 7442 1562 0.847¢
Ns 113.00 + 1.81 11710+ 2745 11218 +17.77 117.05+17.18 0.791¢
Ni 110.77 £3.31 11342 £ 2552 101.68 £ 1240 109.36 £32.16 0.452¢
T 7100 +£242 7347 £1722 6993+ 755 7805+ 11.12 0.142¢
Ts 13044 +2.95 136.21 +24.93 134.00 + 10.25 14647 +21.87 0.480¢
Ti 13644 +3.61 136.89 + 20.09 140.50 + 12.69 13226 +32.65 0.705¢
G 97.55+9.27 100.57 + 11.74 9737+ 594 10110+ 3.01 0.605¢

Variables are expressed as the mean =+ standard deviation.

CSCT= central subfoveal choroidal thickness; NCT= nasal choroidal thickness; TCT= temporal choroidal thickness; CMT= central macular thickness; N= nasal;
Ns= nasal superior; Ni= nasal inferior; T= temporal; Ts= temporal superior; Ti= temporal inferior; G= mean.

°= |evel of significance, P<0.05; "= one-way ANOVA; = Kruskal-Wallis test.

Table 3. Changes in the thicknesses of posterior ocular structures in severe obstructive sleep apnea syndrome (OSAS)

over time
BT (n=19) A4W (n=19) A12W (n=19) p value®
CsCcT 29047 285.68 27742 0.005°
NCT 234.26 23715 233.10 0.240°
TCT 24247 24847 236.57 0410°
CMT 273.05 272.00 270.52 0.330°
G 101.10 99.26 96.47 0.009°
Ts 146.47 138.10 137.05 0.020°
T 78.05 77.73 7526 0.232°
T 132.26 132.21 132.94 0.991°
N 7442 74.89 72.36 0631°
Ni 109.36 105.68 103.57 0.039°
Ns 117.05 115.94 111.78 0.003°

BT=before treatment; A4W= after 4 weeks; A12W=after 12 weeks; CSCT= central subfoveal choroidal thickness; NCT= nasal choroidal thickness; TCT=temporal
choroidal thickness; CMT= central macular thickness; G= mean peripapillary RNFL thickness; Ts= temporal superior; T= temporal; Ti= temporal inferior; N=

nasal; Ni= nasal inferior; Ns= nasal superior.
°= level of significance, P<0.05; °= repeated measures ANOVA.
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compared with mild, moderate, and severe OSAS groups''?. In the
severe group, the nasal choroid was found to be thinner than that in
the moderate OSAS group and thicker than that in the control group.
In our study, although differences in thickness were observed, no
significant differences were found between the control group and
the other OSAS groups in terms of CMT, CSCT, NCT, TCT, and RNFL
thickness. As mentioned above, OSAS causes substantial changes in
the vascular system. Although they do not cause apparent clinical
findings, such as glaucoma, hypertension i.e. injury induced by these
changes can manifest systemically in the vascular system. However,
the duration for which it influences the vascular system depends on
the duration of the disease and the presence of other factors that can
cause additional vascularinjury. Ina study that was conducted on the
response of the choroid to hypocapnia in patients with OSAS, it was
demonstrated that choroidal reflexes in individuals in which cardio-
vascular system CVS is not affected do not differ from that in normal
individuals®. Patients in our study were individuals who were newly
diagnosed with OSAS without a systemic component, which could
have caused the lack of differences in the initial measurements. Thus,
although patients in the severe OSAS group received treatment, sig-
nificant thinning was observed in the CSCT and RNFL quadrants in
this group as in the aforementioned study''?. In contrast, when the
CMT was evaluated in our study, no significant change was observed
either in the initial measurements or during follow-up.

In another study in which changes in choroidal and macular
thicknesses in OSAS were investigated, choroidal thinning was
observed during the course of the disease!™®. Similarly, in our studly,
changes in nasal, temporal, and central choroidal thickness were
measured but no significant changes were found". Similar to our
study, the previous study also investigated macular thickness, and
it was determined that the central and nasal macular regions were
thicker in the severe OSAS group than in the control group. The
author compared the decreased choroid thickness and increased
macular thickness to findings in diabetic retinopathy, and noted that
macular thickening can result from vascular damage and increased
permeability. In our study, at first glance, the existence of no differen-
ce between the groups can be interpreted as there was no effect on
vascular structures and that damage occurred. But, vascular damage
and the appearance of the effects of this damage are determined by
different elapsed times and personal variations of tissue reaction. In
any case, a change in macular thickness was observed and choroidal
thinning took place during the follow-ups.

In a previous study on OSAS in which the choroidal thickness
was evaluated, choroidal thinning was observed in patients with
severe OSAS'. The author emphasized that this finding could have
been caused by impaired blood and auto regulations in OSAS. The
results of the patients with OSAS in that study were similar to those
of the severe OSAS group in our study; the mean AHI in the previous
study was 48, whereas the mean AHI in the severe OSAS group in our
study was 45.1. Our study indicates that although the measurements
of those with severe OSAS are not normal and do not differ from
those of patients with less severe forms of OSAS' others with OSAS,
eventual thinning of the choroidal thickness and RNFL sectors shows
that the disease has progressive effects both in blood regulation and
RNFL injury.

Similar to our study, thinning of the RNFL was also found in a
previous study on patients with OSAS who were followed up for 3
months®". Followed up patients received treatment with CPAP in that
study. Whereas only those with AHI =30 received treatment in our
study, treatment was administered to those with AHI >5 in the pre-
vious study. Data from our study are similar to those from the previous
study: whereas thinning in the RNFL and the Ts, Ns, and Ni quadrants
was observed, changes in the other quadrants were not statistically
significant. The author stated that the tendency of individuals with
OSAS to develop glaucoma could have had an effect on that result.
Although ganglion cell injury is generalized in glaucoma, the inferior
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and superior quadrants can be affected earlier in the disease pro-
gression??. Furthermore, while the mean IOP statistically significantly
increased in our study, it did not reach the normal range. Thinning in
the RNFL can occur not only because of glaucoma but also because
of apnea-hypopnea, nocturnal hypotension, and impairment of the
balance between NO and endothelin, leading to hypoperfusion and
ischemia. Compared with most of the studies in this field, a statisti-
cally insignificant difference in RNFL thickness was found between
the control group and patients with OSAS in our study.

In a study on the relationship of RNFL and other vascular patho-
logies with OSAS, an inverse relationship was found between AHland
RNFL thickness!'®. Additionally, an inverse relationship was found bet-
ween atherosclerosis and nasal RNFL thickness. It has been demons-
trated that in young, healthy individuals, temporal retinal regions are
more vascularized than nasal regions®?%. This can explain why nasal
tissues are damaged much earlier in hypoxia. Thus, in the majority of
other studies and in ours, the nasal RNFL quadrants were affected.
In the aforementioned study, inverse relationships were established
between nasal RNFL thickness and atherosclerosis, BMI, and high-
density lipoprotein cholesterol levels!'™. Moreover, in another study
that investigated the retina and optic nerve in adult OSAS patients
using OCT, the nasal part of the RNFL was found to be thinner in
OSAS patients than in the control group (without relevance to the
classification of OSAS)?*). The aforementioned reasons such as hypo-
xia, hypercapnia i.e. are factors that somehow decrease the vascular
supply, and the effect on the nasal quadrants occurred much earlier,
thus confirms the results of our study. Our findings of statistically
insignificant differences between the groups in terms of the initial
RNFL thickness may be attributable to the exclusion of patients with
glaucoma from our study, as glaucoma is more common in OSAS
populations than in normal populations!2,

There are several limitations to our study that should be acknow-
ledged. First, we included a relatively small number of patients in our
study. Second, as systemic illnesses and eye diseases such as glau-
coma are common in patients with OSAS, the inclusion of patients
without any ocular or systemic diseases other than OSAS in our study
is another limitation. The exclusion of people with glaucoma from
our study may also explain the similar initial RNFL thicknesses found
in the study groups.

In our study, we compared untreated patients with OSAS who
were newly diagnosed and had no systemic disease. Individuals with
severe OSAS who received CPAP treatment were re-evaluated after 4
and 12 weeks in terms of posterior ocular changes. In the first mea-
surement no statistical difference was found between control group
and the OSAS'the normal group and other groups. Despite the fact
that the individuals with severe OSAS who were followed up, bene-
fitted from treatment clinically; statistically significant thinning in the
CSCT, general RNFL, Ts, Ni, and Ns quadrants was found. Although
patients with severe OSAS may recover clinically, we recommend that
they be followed up in terms of ocular ischemic injury.
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