Sleep and Breathing (2019) 23:997-1005
https://doi.org/10.1007/511325-019-01837-z

HYPOXIA - ORIGINAL ARTICLE

®

Check for
updates

Posterior segment assessment in patients with obstructive sleep
apnea syndrome

Bekir Kiiciik' ® - Ender Sirakaya' - Senol Delibas?

Received: 30 January 2019 /Revised: 19 March 2019 / Accepted: 26 March 2019 /Published online: 4 April 2019
© Springer Nature Switzerland AG 2019

Abstract

Purpose The present study aimed to evaluate the lamina cribrosa thickness (LCT), lamina cribrosa depth (LCD), subfoveal and
parafoveal choroidal thicknesses, peripapillary choroidal thickness (PCT), and retina nerve fiber layer (RNFL) thickness in
patients with obstructive sleep apnea syndrome (OSAS) using spectral domain optical coherence tomography (SD-OCT).
Methods This single-center, case-control study included 45 OSAS patients and 43 age-and sex-matched healthy controls. Only
the right eyes of the patients and controls were included. Each participant underwent a comprehensive ophthalmic assessment
including slit lamp examination (biomicroscopy), stereoscopic fundus examination, and intraocular pressure (IOP) measurement.
The SD-OCT measurements were also performed in both patients and controls.

Results The mean ages of the patients (females, 55.6%) and controls (females, 51.2%) were 50.09 +£9.7 years and 50.30 £
4.2 years, respectively. The groups were similar in terms of age and gender. Evaluation of the study parameters revealed that there
were no significant differences between the OSAS patients and controls regarding IOP, RNFL thickness, subfoveal and
parafoveal choroidal thicknesses, and PCT. A significant difference was found between the OSAS patients and controls regarding
LCT but not regarding LCD. The mean LCT values were 213.38 +30.7 um and 300.49 +42.6 um for the OSAS patients and
controls, respectively (p < 0.001).

Conclusions The results of the present study indicated that the lamina cribrosa was significantly thinner in the OSAS patients than
in the controls. In our opinion, this finding should be supported by large-scale studies and the reason underlying the thinning of
the lamina cribrosa in OSAS patients should be investigated physiopathologically.

Keywords Lamina cribrosa thickness - Lamina cribrosa depth - Obstructive sleep apnea syndrome - Spectral domain optical
coherence tomography - Retina

Introduction

Obstructive sleep apnea syndrome (OSAS) is a severe sleep
disorder with apnea-hypopnea episodes, during which air flow
is intermittently interrupted despite respiratory effort due to
repetitive complete or partial collapse of the upper airways
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during sleep [1]. In OSAS, sleep breaks result in insomnia,
hypoxemia due to upper respiratory tract obstruction, and dis-
charge of sympathetic nervous system which in turn lead to
awakening reactions and consequently cause both sleep distur-
bances and cardiovascular problems. OSAS is diagnosed based
on the total number of apneas and hypopneas experienced per
hour of sleep (apnea-hypopnea index [AHI]), being 5 or more
and on the presence of insomnia-related symptoms [2].

OSAS has been shown to be associated with neurodegen-
erative diseases such as Alzheimer’s disease, Parkinson’s dis-
ease, and multiple sclerosis [3—5]. In OSAS, primary open—
angle glaucoma, normotensive glaucoma, thinning of the ret-
inal nerve fiber layer (RNFL), and visual field defects have
been reported more frequently [6, 7]. In addition, optic nerve
involvement can also be seen in OSAS. Optic nerve involve-
ment in OSAS is explained by vascular and mechanical
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factors. Vascular factors include increased vascular resistance
due to repetitive hypoxia, autonomic regulatory impairment,
oxidative stress, inflammation and subsequent reperfusion,
decreased cerebral perfusion pressure, and optic nerve direct
hypoxic damage. Mechanical factors include increased intra-
ocular pressure (IOP) due to obesity and supine position, in-
creased intracranial pressure, and loss of elastic fibers in lam-
ina cribrosa and/or trabeculae [8]. Impairment of perfusion of
the optic nerve in OSAS patients is also important in the de-
velopment of glaucoma [9]. In addition, an optical coherence
tomography angiography study showed that vessel densities
in the peripapillary regions in OSAS patients decreased in
relation to disease severity [10]. All these data have suggested
that lamina cribrosa might be affected in OSAS patients.

The lamina cribrosa is the optic nerve region through which
optic nerve fibers pass through to the upper centers. There is
increasing evidence that the lamina cribrosa of the optic nerve
head (ONH) is the first affected area in the pathologies with
axonal damage such as glaucomatous optic neuropathy. In vitro
studies have shown that thinning of the lamina cribrosa occurs
due to glaucomatous optic nerve damage [11, 12].

Spectral domain optical coherence tomography (SD-OCT)
is a non-invasive, non-contact, high-sensitivity ophthalmolog-
ic diagnostic imaging technique that allows the examination
of the thickness and depth of lamina cribrosa in addition to
RNFL thickness and choroidal thickness of the subfoveal,
parafoveal, and peripapillary regions. According to our hy-
pothesis, lamina cribrosa thickness and depth may be affected
in OSAS patients because of vascular and mechanical stresses
on optic nerve. These findings may be an important assess-
ment for the high risk of developing glaucoma in OSAS pa-
tients. The present study aimed to evaluate the thickness and
depth of lamina cribrosa in OSAS patients using spectral do-
main optical coherence tomography (SD-OCT).

Methods
Study design and subjects

The present single-center, case-control study included OSAS
patients who underwent polysomnography in the Neurology
Clinic of Kayseri Training and Research Hospital between
April 2018 and October 2018 and had an AHI score of > 5.
Only newly diagnosed OSAS patients with no prior treatment
for OSAS were included. An age- and sex-matched control
group was formed from healthy individuals who were
suspected of having OSAS, underwent polysomnography,
had an AHI score of <5, and thereby did not diagnose with
OSAS. The OSAS patients were divided into 3 subgroups
with regard to OSA severity based on AHI scores as follows:
mild (5 < AHI<15), moderate (15 < AHI<30), and severe
(AHI>30) [13]. The results were analyzed according to the
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data of the American Academy of Sleep Medicine [13]. Also,
each patient was evaluated according to the positional status.
Patients were deemed to be position-dependent when they met
the following criteria: an overall AHI of more than 5 events
per hour with a supine AHI of at least twice as high as non-
supine AHI [14]. In the present study, only the right eyes of
the patients and controls were included in the study. All par-
ticipants underwent a complete ophthalmologic examination
including refraction examination (TONOREF II autorefractor/
tonometer; Nidek Co. Ltd., Japan), slit lamp examination
(biomicroscopy), fundus examination, and gonioscopy.
Additionally, IOP (Goldmann applanation tonometry), central
corneal thickness (CCT), and axial length (AL) were mea-
sured using the IOLMaster device (Carl Zeiss Meditec Inc.,
Dublin, CA, USA).

Participants who had a spherical refractive error between —
3 and + 3 diopter (D), a cylindrical fracture of <3, a best
corrected visual acuity of at least 10/10, and an IOP of <
20 mmHg were included. Patients with ocular problems such
as retinal diseases and optic disc diseases (including glauco-
ma), those with previous ocular surgery (including cataract
surgery), and those with additional systemic diseases such as
diabetes mellitus and systemic hypertension were excluded. In
addition, patients with an IOP of >21 mmHg based on
Goldmann applanation tonometry measurement and patients
who were determined to have glaucoma based on standard
automated perimetry visual field examination were also ex-
cluded from the study because the excluding of structural
damage caused by glaucoma or high IOP was aimed. The
present study was approved by the Clinical Research Ethics
Committee of Bozok University (Protocol No: 2018-03-71;
date: March 28, 2018) Local Ethics Committee and all proce-
dures were conducted in accordance with the Helsinki
Declaration. Informed consents were obtained both from pa-
tients and from controls for their participation in the study.

Spectral domain optical coherence tomography
measurements

The Heidelberg Spectralis SD-OCT imaging platform
(Heidelberg Engineering, Heidelberg, Germany) with an en-
hanced depth imaging program (HEYEX software 6.0) was
used after full pupil dilation with cyclopentolate for the mea-
surements of choroidal thickness, RNFL thickness, lamina
cribrosa depth (LCD), and lamina cribrosa thickness (LCT).
Choroidal thickness was defined as the vertical distance
between the retinal pigment epithelium (RPE) highly reflec-
tive line and the internal scleral border. This technique was
described by Margolis et al. in previous study [15]. The cho-
roidal thickness was measured in the subfoveal area and at
500, 1000, and 1500 um both temporal and nasal to the center
of the fovea; the central foveal thickness, which was deter-
mined automatically and analyzed by OCT software, was also
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recorded. All SD-OCT scans were performed in the morning
(09.00-11.00 am).

The method of measuring peripapillary choroidal thickness
(PCT) has been previously reported as the distance between
the outer border of the RPE line and the inner border of the
choroidal-scleral junction [16]. Lines used for the measure-
ments of RNFL thickness were placed on the borders of the
choroidal tissue. The algorithm function of the RNFL thick-
ness measurement was used to obtain the choroidal thickness
in each region.

The RNFL circle scans were obtained as a circle (3.46 mm
in diameter) centered on the ONH, comprising a total of 1536
A-scans. The obtained images were then used for the measure-
ments of PCT. The circular scan pattern (Spectralis software
version 4.0) of the Spectralis SD-OCT was used for all
peripapillary RNFL thickness measurements. The average
RNFL thickness using the Spectralis SD-OCT software is cal-
culated for the overall global (360°), for 4 quadrants (superior
[S], inferior [I], nasal [N], and temporal [T], 90° for each), and
for 4 sectors (superior-temporal [TS, 45°-90°], superior-nasal
[NS, 90°-135°], inferior-nasal [NI, 225°-270°], and inferior-
temporal [TI, 270°-315°]).

Enhanced depth imaging with SD-OCT of the ONH was
performed as previously described in the literature [17].
Briefly, the SD-OCT device was set to obtain a 15° x 10° rect-
angular image centered on the optic disc. This rectangle was
divided into nearly 65 sections, each containing an average of
100 OCT frames. Measurements were performed using these
horizontal B scans by selecting the frame passing through the
vertical center of the ONH. The line connecting both ends of
Bruch’s membrane was defined as Bruch’s membrane opening.
LCT was defined as the distance between the LCT borders,
which were the anterior and posterior borders of the highly
reflective region at the vertical center of the ONH in the hori-
zontal SD-OCT cross-section. Contrast settings were adjusted
to identify the images that provided the clearest vision of the
LCT. LCD was defined as the distance between Bruch’s mem-
brane opening and the anterior border of the LCT.

Two ophthalmologists (B.K. and E.S.) were independently
analyzed all obtained images. The LCT and LCD measure-
ments were performed twice by each of the ophthalmologist;
thus, 4 measurements were obtained for each of the LCT and
LCD and their mean was used in the primary analysis. The
reproducibility of the LCT and LCD measurements were test-
ed before the primary analysis; interexaminer and
intraexaminer intraclass correlation coefficients were calculat-
ed using 15 randomly selected images and comparison re-
vealed a Spearman correlation coefficient of > 0.90.

Statistical analysis

Data analysis was performed using the IBM SPSS Statistics
for Windows, Version 21.0 (IBM Corp., Armonk, NY, USA).

The normality of data was tested using the Kolmogorov-
Smirnov test. Two group comparisons were performed using
Student’s ¢ test for parametric data and using the Mann-
Whitney U test for non-parametric data. The Pearson correla-
tion coefficient was used to investigate the relationship be-
tween 2 variables and the Spearman correlation coefficient
was used to investigate the relationship between non-
parametric variables. Categorical data were analyzed using
the Chi-square test. A one-way ANOVA test was used to
compare variation across the three groups. A p value of <
0.05 was considered statistically significant.

Results

The present study included 45 eyes of 45 patients with OSAS
and 43 eyes of 43 healthy subjects. General characteristics and
ocular findings of the OSAS patients and controls are presented
in Table 1. No significant difference was determined between
the OSAS patients and controls and between the OSAS sub-
groups according to age, gender, and body mass index (BMI).
Each patient had a BMI of greater than 30. Moreover, the IOP
values did not significantly differ between the OSAS patients
and controls. There was a significant difference between the
OSAS patients and controls and between the OSAS subgroups
in the AHI scores (p <0.001 and p <0.001). Furthermore, all
OSAS patients had non-positional OSAS.

The findings of the measurements of the RNFL thickness
are summarized in Table 2. No significant differences were
found between the OSAS patients and controls in terms of
RNFL thicknesses. Furthermore, there was not a statistically
significant difference in the average and all quadrants RNFL
thicknesses between the OSAS subgroups (mild, moderate,
and severe). The measurement of the RNFL thickness is dem-
onstrated in Fig. 1.

Table 3 shows the results of the between-groups compari-
son of subfoveal and parafoveal choroidal thicknesses mea-
surements. The subfoveal and parafoveal choroidal thick-
nesses of the patients and controls revealed no significant
difference. Also, there was not a statistically significant differ-
ence in the mean subfoveal and perifoveal choroidal thick-
nesses values among the three OSAS subgroups. The mea-
surement of the subfoveal and parafoveal choroidal thickness
is demonstrated in Fig. 2.

Mean values of PCT measurements in the different groups
are summarized in Table 4. Evaluation of the PCT revealed no
significant difference between the OSAS patients and con-
trols. Additionally, the differences in mean PCT measure-
ments among the OSAS subgroups were not statistically
significant.

Intraexaminer intraclass correlation coefficient values for
LCT and LCD were 0.884 (95% confidence interval [CI],
0.768-0.969) and 0.972 (95% CI, 0.924-0.992),
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Table 1 General characteristics and ocular findings of the patients and controls
Characteristics Mild OSAS Moderate OSAS Severe OSAS p Patients with OSAS ~ Control subjects p
(n=13) (n=17) (n=15) (n=45) (n=43)
Sex
Female 7 (53.8) 8 (47.6) 8(53.3) 0.695* 23 (51.1) 22 (51.2) 0.853*
Male 6 (46.2) 9(52.4) 7 (46.7) 22 (48.9) 21 (48.8)
Age, years 48.87+9.7 50.60+10.6 50.80+7.0 0.821° 50.09+9.7 50.30+4.2 0.931°
Axial length, mm 23.69+0.7 23.59+0.7 23.42+0.7 0.609¢ 23.57+0.7 23.09+0.44 0.590°
IOP, mmHg 14.20+2.7 14.47+2.8 15.0+2.8 0.722° 14.56 +2.7 14.72+1.9 0.605°
Spherical equivalent, D —0.05+0.52  —0.10+0.58 -0.15+£0.46 0.612° —0.10+£0.56 -0.15+045 0.652°
Average central 43.52+1.25 43.48+1.10 4396+1.34 0.764° 43.42+1.34 43.40+1.29 0.912°
keratometry, D
Central corneal 540.00+42.6  538.21+27.6 546.14+£45.8 0.857° 541.42+40.3 537.95+24.8 0.534°
thickness, pm
AHI, um 945432 23.95+42 35.62+£5.23 <0.001° 23.95+16.9 326+14 <0.001°
BMI, kg/m? 31.15+1.4 3256+1.2 3321+1.1 0.366° 32.56+2.4 31.06+4.2 0.509°

Data are presented as mean + standard deviation or number (%), where appropriate. Significant p values are shown in italics

OSAS obstructive sleep apnea syndrome, /OP intraocular pressure, AHI apnea-hypopnea index, D diopter, BMI body mass index

2 Chi-square test
® Independent Student’s  test
¢ One-way ANOVA test

respectively. Interexaminer intraclass correlation coeffi-
cients for LCT and LCD were 0.856 (95% CI, 0.764-0.985)
and 0.934(95% C1,0.801-0.962), respectively. A significant
difference was found between the OSAS patients and con-
trols in terms of LCT but not in terms of LCD (Table 5). The
mean LCT values were 213.38 £30.7 um and 300.49 +
42.654 um for the OSAS patients and controls, respectively,
indicating that the lamina cribrosa was significantly thinner
in the OSAS patients than in the controls (p < 0.001).
Although, significant differences among the 3 subgroups
were not found with respect to the LCT, LCT values were
lower in severe OSAS patients than the other subgroups
(mild and moderate). The measurements of the LCT, LCD,
and BMO in an OSAS patient are shown in Fig. 3.

No significant correlation was found between the AHI
scores and LCT values (p =0.424, »=0.124) and between
the AHI scores and LCD values (p =0.164, r=0.223).

Discussion

In the present study, in which posterior segment assessment
was performed in patients with OSAS as compared with
healthy control subjects, there was no significant difference
between the OSAS patients and controls in terms of the depth
of lamina cribrosa, whereas the lamina cribrosa was found to
be significantly thinner in the OSAS patients. Moreover,
subfoveal, parafoveal, and peripapillary choroidal thicknesses

Table 2  Retina nerve fiber layer thicknesses of the patients and controls
RNFL thickness Mild OSAS (n=13) Moderate OSAS Severe OSAS (n=15) p OSAS Control subjects P
n=17) (n=45) (n=43)
RNFL-Average, 99.69 +9.2 98.00 + 8.8 98.07 + 6.8 0.607 9855+82  99.60 + 5.4 0.625
pum

RNFL-T, pm 68.85 + 12.01 71.40 + 14.32 65.93 + 10.0 0495 68.79+122 70.40+99 0.720
RNFL-TS, um 132.62 + 14.0 1374 +£24.5 129.0 + 18.8 0.532 133.14+£19.7 13445+ 183 0.658
RNFL-TI, um 140.54 £ 9.5 142.13 + 16.4 128.3 £23.7 0.090 137.05 + 18.3 144.05 + 159 0.210
RNFL-N, pm 76.23 + 13.4 70.33 + 14.1 75.14 £ 10.1 0426 7376 £12.6 7625 +9.8 0.532
RNFL-NS, pm 121.38 + 31.4 115.00 = 17.0 123.36 + 23.7 0.632 119.76 +24.1 108.60 + 17.9 0.189
RNFL-NI, um 114.00 + 27.1 107.1 +24.1 1224 +26.3 0292 11436 +£26.0 117.45 +10.5 0.495

Data are presented as mean =+ standard deviation

OSAS obstructive sleep apnea syndrome, RNFL retina nerve fiber layer, 7" temporal, 7'S superior-temporal, 77 inferior-temporal, N nasal, NS superior-

nasal
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Fig. 1 Measurement of the retina nerve fiber layer (RNFL) thickness. a
RNFL thinning in average (G) and temporal (T), temporoinferior (TI),
temporosuperior (TS), and nasal (N) quadrants in a 45-year-old male
patient with obstructive sleep apnea syndrome (OSAS) (Right eye). b

and RNFL thickness did not significantly differ between the
OSAS patients and controls. Furthermore, there were not any
significant differences in choroidal thicknesses, RNFL thick-
nesses, and LC measurements between the OSAS subgroups.

135 180 225 2710 315 360
NAS INF ™P
Position [']

Normal RNFL thickness in a 44-year-old male healthy subjects. The
layer between red and green line shows RNFL. Numbers indicate
individual mean RNFL thickness (right eye). Numbers in parenthesis
indicate the mean thickness in the spectralis normative database

Choroidal thickness in OSAS patients has been investigat-
ed in several studies. In their meta-analysis including 7 case-
control studies (558 eyes in the OSAS group and 226 eyes in
normal controls), He et al. [18] reported that subfoveal
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Table 3 Subfoveal and parafoveal choroidal thicknesses of the patients and controls

Choroidal thickness Mild OSAS (n=13) Moderate OSAS Severe OSAS D OSAS (n=45) Control subjects D

n=17) (n=15) (n=43)

Subfoveal, um 304.46 + 63.8 311.00 + 76.6 384.21 £ 75.2 0.686 300.05 +79.2 297.09 + 46.32 0.752
Temporal, 509, pm 24535+ 522 275.00 + 80.7 272.86 + 83.0 0.507 265.00 + 73.5 269.61 + 56.67 0.586
Temporal, g9, Hm 261.31 + 544 293.73 +75.4 278.3 £ 85.5 0.513 2785 £72.8 283.24 +43.34 0.492
Temporalsgg, pm 288.77 + 63.4 307.60 + 69.9 276.7 £ 95.3 0.562 29148 £ 76.8 291.24 +73.43 0.986
Nasal; 509, pm 258.62 + 78.9 248.4 + 69.68 232.27 + 58.0 0.723 24581 + 85.8 251.07 + 47.39 0.456
Nasal; oo, Hm 290.85 + 69.3 254.67 + 70.1 282.6 + 589 0.516 275.17 + 86.7 286.66 + 48.42 0.315
Nasalsgp, pm 299.23 £ 61.2 291.60 + 78.5 291.3 £79.5 0.966 293.9 + 86.0 301.97 + 60.49 0.503

Data are presented as mean =+ standard deviation
OSAS obstructive sleep apnea syndrome

choroidal thickness tended to decrease with increasing disease
severity in OSAS patients [18]. In the case-control study on
patients with OSAS performed by Yazgan et al. [19], the PCT
of the moderate and severe patient groups was reported to be
decreased as compared with the controls [19]. It has been
suggested that there may occur changes in the retinal and
choroidal blood flow in OSAS patients due to intermittent
hypoxia [20]. It has been also emphasized that choroidal thin-
ning in OSAS patients may be associated with autonomic
dysregulation [21]. Unlike the results of the above-
mentioned studies, in the present study, no significant differ-
ences were determined between the OSAS patients and con-
trols in terms of the choroidal thicknesses of the subfoveal,

parafoveal, and peripapillary regions. Also, subfoveal,
parafoveal, and peripapillary choroidal thickness measure-
ments were not significantly different among the OSAS sub-
groups. This finding could be attributed to the lower AHI
scores of our patients as compared with those reported in the
literature.

The RNFL thickness in OSAS patients has also been stud-
ied in many studies. In the case-control study by Yazgan et al.
[19], the OSAS patients were classified as those with mild,
moderate, or severe OSAS according to their AHI scores and
the RNFL was investigated in all quadrants using the SD-OCT
with enhanced depth imaging technique. Accordingly, they
reported that, as compared with the controls, the RNFL was

Retinal Pigment
Epithelium (RPE)

Internal Scleral Border

Fig. 2 Measurement of the subfoveal choroidal thickness. a Choroidal thinning in the 52-year-old female patient with obstructive sleep apnea syndrome
(OSAS) (right eye). b Normal choroidal thickness in the same 44-year-old male healthy subjects (right eye)
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Table 4  Peripapillary choroidal thickness measurements of OSAS and control groups

Peripapillary choroidal Mild OSAS Moderate OSAS Severe OSAS P OSAS Control subjects P
thickness (n=13) n=17) (n=15) (n=45) (n=43)

Global, pm 162.36 + 50.8 160.65 + 32.4 158.72 + 43.4 0.767 162.36 + 48.8 158.60 + 45.4 0.892
Temporal, um 147.30 + 32.6 14527 + 435 146.62 + 50.5 0.862 147.28 +43.4 146.35+49.9 0.899
Inferotemporal, pm 136.32 £ 26.5 131.30 = 45.7 12832 £ 35.4 0.726 131.76 £ 32.7 134.45 + 38.3 0.674
Inferonasal, pm 13945 + 63.5 137.22 + 583 131.86 + 42.7 0.634 136.34 +43.4 140.05 + 35.9 0.698
Nasal, um 17748 + 55.4 173.25 + 42.6 175.86 + 39.4 0.896 175.16 + 44.8 176.25 + 39.8 0.849
Superonasal, pm 176.25 + 48.8 174.79 + 34.6 173.47 + 64.3 0.625 173.45 +46.9 178.60 +47.9 0.625
Superotemporal, pm 173.20 + 56.3 172.15 + 63.2 168.86 + 75.4 0.534 170.89 +47.3 175.90 + 48.9 0.612

Data are presented as mean + standard deviation
OSAS obstructive sleep apnea syndrome

thinner in all quadrants in the patients with moderate and
severe OSAS and only in the nasal and inferotemporal quad-
rants in the patients with mild OSAS. In another study, the
RNFL was also found to be thinner in the patients with
moderate/severe OSAS than in the controls [22]. In one study,
thinning of the RNFL was detected in the superior and nasal
quadrants only in the patients with severe OSAS [23]. On the
contrary, Adam et al. reported that the average and all quad-
rants RNFL thicknesses were not significantly different be-
tween OSAS patients and healthy subjects [24]. There is also
a study which indicated no change in the RNFL thickness in
OSAS patients as compared with controls [25]. In the present
study, thinning of the RNFL was not observed in any of the
quadrants in the OSAS patients as compared with controls. In
addition, RNFL thicknesses were similar in the OSAS sub-
groups. This finding may be attributed to excluding patients
with glaucoma and high IOP in this study.

Lamina cribrosa is a sieve-like structure that fills the
posterior sclera foramen and from which the myelin-free
retinal ganglion cell axons pass through. The lamina
cribrosa should have a porous structure for passage of
the retinal ganglion cell axons and concurrently it should
resist stress and tension adequately. Studies have sug-
gested that lamina cribrosa displaces posteriorly in the
glaucoma [26]. There are also studies suggesting that
structural differences in the lamina cribrosa may lead

individuals to be more susceptible to IOP-mediated dam-
age [27]. The prevalence of glaucoma is high in OSAS
patients and all of the glaucoma patients have been report-
ed to be in the severe OSAS group [28]. In the present
study, the thinning of the lamina cribrosa observed in the
OSAS patients as compared with controls might explain
the susceptibility of these patients to glaucoma. From a
different point of view, a hypothesis can be established
that, in OSAS patients, the lamina cribrosa layer is affect-
ed before any defect is observed in the RNFL. Lamina
cribrosa has a role in preserving the structural integrity
of the nerve fibers and in the transmission of neurotrophic
factors from the lateral geniculate nucleus to the retinal
ganglion cells. A defect in the lamina cribrosa in OSAS
patients causes disruption of transmission of neurotrophic
material from the lateral geniculate nucleus to the retinal
ganglion cells which in turn may result in thinning of the
RNFL. The present study revealed that the lamina
cribrosa was thinner but RNFL thickness did not change
in the OSAS patients as compared with controls; this is a
finding which supports the above-mentioned hypothesis.

The lamina cribrosa is located between two different
pressure compartments, to which the ONH is exposed.
While the pressure in front of the lamina cribrosa is
exerted by the IOP, the pressure behind the lamina
cribrosa is exerted by the cerebrospinal fluid (CSF).

Table 5 Bruch’s membrane opening, lamina cribrosa thickness, and lamina cribrosa depth of the patients and controls

Parameters Mild OSAS (n=13) Moderate OSAS (n=17) Severe OSAS (n=15) p OSAS (n=45)  Control subjects (n=43) p
BMO, um  1479.85 + 159.5 1483.80 + 198.5 1532.36 + 149.8 0.670 1498.76 + 169.1 1520,86 + 160,1 0.372
LCD, um 40846 + 101.8 404.13 + 86.7 379.36 + 70.2 0.639 39721 +85.6  411.67+ 1014 0.506
LCT, um 223.23 +36.7 219.79 +27.8 198.8 +23.1 0.068 213.38 +£30.7 30049 +42.6 < 0.001

Data are presented as mean =+ standard deviation. Significant p values are shown in italics

OSAS obstructive sleep apnea syndrome, BMO Bruch’s membrane opening, LCD lamina cribrosa depth, LCT lamina cribrosa thickness
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Fig. 3 Measurements of Bruch’s membrane opening (BMO = 1512 pum); lamina cribrosa thickness (LCT =236 um), and lamina cribrosa depth (LCD =
398 um) in a 50-year-old patient with obstructive sleep apnea syndrome (OSAS) (right eye)

Additionally, the IOP creates a pressure load on the inner
surface of the eye wall and thereby leads to a circumfer-
ential hoop tension on it. These pressures affect the depth
and thickness of the lamina cribrosa [29, 30]. It has been
stated that not taking the CSF pressure into account dur-
ing examination of the lamina cribrosa in glaucoma would
cause an underestimation. Various studies have also em-
phasized the importance of CSF pressure in glaucoma [31,
32]. IOP is more likely to cause posterior displacement of
the lamina cribrosa; however, anterior displacement of the
lamina cribrosa is also possible due to the pressure ap-
plied to the posterior sclera foramina circumferentially
through application of a pressure to the inner surface of
the ocular wall by IOP [33]. The increase in the CSF
pressure leads the lamina cribrosa to shift anteriorly
[34]. In the present study, the lamina cribrosa displaced
forward in the OSAS patients as compared with the con-
trols; although not statistically significant, this might be
associated with an increase in the CSF pressure due to
hypercapnia in OSAS patients.

The present study has some limitations. The study being a
single-center study and its small sample size could be consid-
ered as the limitations of the present study. In addition, we
could not create other subgroups according to the positional
status (positional OSAS vs non-positional OSAS) and BMI
(high BMI vs low BMI) due to the small sample size.

In conclusion, the present study demonstrated that the lam-
ina cribrosa of the OSAS patients was thinner than that of the
control group. Many studies demonstrate that OSAS is an
important risk factor for the development of glaucoma. The
thinning of lamina cribrosa may be an early finding of glau-
coma in OSAS patients. For these reasons, complete ophthal-
mic examination should be performed at every follow-up for

@ Springer

OSAS patients. Lamina cribrosa must be evaluated at every
ophthalmic visit for early detection of glaucoma. This finding
should be supported by large-scale studies. Furthermore, the
reason underlying the thinning of the lamina cribrosa in OSAS
patients should be investigated physiopathologically.
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