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Abstract

Purpose: This work aimed to analyze the association of obstructive sleep apnea (OSA) with choroidal thickness (CT) in patients
with central serous chorioretinopathy (CSC). Methods: We identified patients in the Stanford Research Repository with
a diagnosis of CSC and OSA. Age- and sex-matched controls with either CSC or OSA only were also identified. CT was measured
at 5 points (subfoveal, and 1500 and 3000 um nasal and temporal) by 2 graders. In addition to OSA treatment and severity, we also
investigated the association of Oxygen Desaturation Index and nocturnal oxygen saturation nadir with subfoveal CT (SFCT).
Results: A total of 57 patients and 72 eyes met the study inclusion criteria. The mean SFCT was significantly different across the 3
groups: OSA-only was the thinnest, followed by CSC with OSA, and CSC-only was the thickest (194.2 um, 295.1 um, and 357.8
pum, respectively, P < .001). SFCT was thicker in CSC with OSA compared with those with only OSA (P < .05). OSA treatment
status and OSA severity did not show a significant difference in SFCT in multivariable modeling. Nocturnal oxygen saturation nadir
was positively associated with SFCT, but this did not reach significance.. Conclusions: SFCT is significantly different in patients
with OSA alone, CSC with OSA, and CSC alone. While OSA treatment status did not demonstrate a significant difference in SFCT
in this study, future studies should evaluate patients for OSA in patients known to have CSC and atypically thin CT to further
investigate the novel metrics leveraged in this study.
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Introduction confirmed the association between CSC and OSA diagnoses,
which had been reported in prior studies.®® The incidence of
CSC was found to be 17.2 per 100000 in female and 40.8 per
100000 in male patients.’

From a pathophysiologic standpoint, CSC and OSA are
known to have opposing effects on CT, with CSC being asso-
ciated with increased CT and OSA being associated with
decreased CT.'*' Prior studies have investigated CT in

Central serous chorioretinopathy (CSC) is characterized by
localized neurosensory retinal or retinal pigment epithelial
detachment secondary to serous exudation from the choroid
that can result in permanent vision loss. Although the patho-
physiology of CSC remains incompletely understood, it is
thought to derive from abnormal choroidal vascular conges-
tion and leakage into the subretinal space.'” Recent studies
have supported this theory with evidence of increased choroi-
dal thickness (CT), as seen on enhanced depth imaging (EDI)
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patients with CSC or OSA but have not addressed OSA treat-
ment status and OSA severity as measured by overnight in-
laboratory polysomnography, nor have important variables
such as Oxygen Desaturation Index (ODI) or nocturnal oxy-
gen saturation (SpO,) nadir been evaluated.'>”'” The ODI is
a measure of hypoxemic burden during sleep secondary to
OSA, and is defined as a 3% or more change in the number
of oxygen desaturation events per hour of sleep (eg, a drop
in nocturnal SpO, nadir from 99% to 95% would be con-
sidered an oxygen desaturation event). The use of these
novel biometric features allows for a detailed characteriza-
tion of OSA disease severity not previously leveraged in the
ophthalmology literature but often described in the sleep
medicine literature.

In the present study, we hypothesize that OSA severity
and treatment status independently affect CT in patients
with both CSC and OSA, based on EDI SD-OCT imaging.
We further hypothesize that nocturnal SpO, nadir and ODI
measured during polysomnography, which are novel indica-
tors of OSA severity not previously evaluated in studies on
this subject, have an association with subfoveal CT (SFCT).

Methods

Data Source and Sample Selection

We used data from the Stanford Translational Research Inte-
grated Database Environment (STRIDE), which is an informat-
ics platform that consists of a clinical data warehouse of more
than 1.3 million pediatric and adult patients treated at Stanford
University Medical Center since 1995.'® The data source was
accessed under approval from the institutional review board at
Stanford University. We identified our initial cohort of patients
with CSC and OSA using International Classification of Dis-
eases, Ninth and Tenth Revision codes and Current Procedural
Terminology codes for EDI SD-OCT. The exclusion criteria
were any retinopathy or choroidopathy other than CSC, an
inconclusive or poor-quality OCT, as well as a diagnosis of
OSA without an in-laboratory polysomnogram (Figure 1). Age-
and sex-matched patients, those with only CSC, and those with
only OSA served as controls and were also obtained from the
STRIDE database.

The Apnea-Hypopnea Index (AHI; the number of epi-
sodes of apneas and hypopneas per hour of sleep), as mea-
sured by American Academy of Sleep Medicine’s (AASM)
criteria, was obtained from the electronic health records
(EHRs) to categorize OSA severity as mild (5 < AHI <
15), moderate (15 < AHI < 30), and severe (AHI >
30)."” OSA treatment was defined by compliance with pos-
itive airway pressure (PAP) therapy for at least 4 or more
hours per night and a reduction of AHI to less than 5 on
PAP therapy.?® Additional OSA-relevant variables included
the AASM ODI and nocturnal SpO, nadir during diagnostic
polysomnogram.

CT Measurement

The CT was measured using EDI SD-OCT obtained with Zeiss
Cirrus versions 2, 3, 4000, or 5000. CT grading started with
obtaining the highest definition images available (high-defini-
tion 5-line raster scans) through the fovea for each patient.
Image quality was graded based on the percentage of choroi-
doscleral (CS) junction visible in a given scan. Image quality
was graded on a 3-point scale: poor quality (<30% of CS junc-
tion visible), average quality (30%-70% of CS junction visi-
ble), and excellent quality (>70% of CS junction visible). Only
images meeting the criteria for average or excellent quality
images were included in the study.

CT was measured independently by 2 masked graders
(A.D.A. and J.R.D.) as the axial distance from the outer bor-
der of the retinal pigment epithelium layer to the CS junction
using the software caliper included in the Zeiss OCT imaging
software. These measurements were performed at the fovea
and at 1500 and 3000 pm nasal and temporal to the foveal
center, as previously described.?’ Measurements differing by
greater than 20% were adjudicated by a third grader, a vitreor-
etinal specialist in training (N.R.). CT grading reached an
interclass correlation coefficient of 95% with a less than
10-pum difference for any given measurement. Data for con-
trols were derived from previously published data by Man-
junath et al that characterized CT among healthy individuals
at the same intervals measured in this study.”? Figure 2 is
a violin density plot that builds on a standard box plot dia-
gram to demonstrate the probability density of the data at
different SFCT values smoothed by a kernel density
estimator.?

Statistical Analysis

Patient demographics and clinical characteristics are
reported as mean and SD for continuous measures and as
frequencies and percentages for discrete data. The ¢ test and
Fisher exact test were used to compare CSC and treated
OSA with CSC and untreated OSA. Mean CT was compared
using analysis of variance with Tukey post hoc comparisons
between groups. Linear regression was used to identify the
magnitude of difference between groups. Statistical analysis
was performed to detect a statistical significance of the
measurements. The statistical software R version 3.5.2 (R
Foundation for Statistical Computing) was used to perform
all analyses. For all analyses, a P less than .05 was consid-
ered statistically significant.

Results

Patient Demographic and Clinical Data

Seventy-two eyes of 57 patients (48 [84.2%] male and
9 [15.8%] female; mean age 58.5 + 12.9 years) were
included. Twenty-six patients (45.6%) were non-Hispanic
White and 20 (35.1%) were Asian, and the cohort had an
average body mass index (BMI; calculated as weight in
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Cohort of CSC patients
(n=1205)

_ | Excluded (n=1,060)
+ No ICD-9/10 diagnosis of OSA

v

Patients with CSC and OSA
(n=145)

Excluded (n=57)
+ No EDI-OCT available

\ 4

Patients with CSC and OSA
with an EDI-OCT (n=88)

Excluded (n=66)

+ Low-quality EDI-OCT
+ OSA diagnosis not confirmed in EHR notes
+ Diagnosis of exclusion visible on EDI-OCT

Patients with CSC, OSA, and
EDI-OCT (n=22) matched to
patients with CSC only (n=20)
and OSA only (n=22)

Excluded (n=7)

+ No diagnostic PSG available in EHR for 3
patients with CSC and OSA and 4 with OSA
only

v

CSC and OSA (n=19), OSA
only (n=18), and CSC only
(n=20) eligible for study

Figure 1. Consolidated Standards of Reporting Trials cohort selection diagram. CSC indicates central serous chorioretinopathy; EDI, enhanced
depth imaging; EHR, electronic health record; ICD-9/10, International Classification of Diseases, Ninth or Tenth Revisions; OCT, optical coherence
tomography; OSA, obstructive sleep apnea; PSG, polysomnography.

kilograms divided by height in meters squared) of 28.9 cohort consisted of never-smokers (73.7%). Among
(SD, 5.9). There were significant differences of mean BMI patients with CSC (n = 39), chorioretinopathy was most
at diagnosis between the 3 subgroups; patients with only observed and not treated (24 [61.5%]) (Table 1). Among
OSA had the highest average BMI and patients with only all patients with OSA (n = 37), the median AHI was 24.7
CSC had the lowest (P = .006). The majority of the total events per hour (interquartile range [IQR], 15.7-53.9),
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Figure 2. Violin plot of subfoveal choroidal thickness by obstructive

median nocturnal SpO, nadir was 85.0% (range, 78.0%-
89.0%), and median ODI was 9.8 events per hour (range,
6.5-50.4). AHI, nocturnal SpO, nadir, and ODI did not
significantly differ between the only OSA or CSC with
OSA subgroups (see Table 1).

Characteristics of Eyes With CSC and Timing of
Diagnoses Relative to OCT

Of the 72 eyes included in the study, 22 (30.6%) were
diagnosed with both CSC and OSA, 21 (29.2%) were diag-
nosed with only CSC, and 29 (40.3%) were diagnosed with
only OSA. Among the 43 eyes that carried a CSC diagnosis,
the majority (67.4%, n = 29) of eyes were observed and not
intervened upon. Of the 14 treated eyes, 3 (7.0%) were
treated with intravitreal antivascular endothelial growth fac-
tor (anti-VEGF) injection, 10 (23.3%) were treated with pho-
todynamic therapy (PDT), and 1 (2.3%) was treated with laser
photocoagulation. There was no statistically significant differ-
ence observed in the types of CSC treatment administered to
eyes with both CSC and OSA or only CSC (P = .875). The
median time from CSC diagnosis to OCT was 415 days (IQR,
0-1129.5 days). Median time from CSC treatment with anti-
VEGF to OCT was 595 days (IQR, 493.2-650.8 days) and 63
days (IQR, 0-328 days) from PDT to OCT. The 1 patient
treated with laser photocoagulation received treatment 40 years
prior to the OCT.

CT in Patients With or Without CSC and OSA

We compared the CT of 22 eyes of patients with both CSC
and OSA with 21 CSC-only eyes and 29 OSA-only eyes to

sleep apnea (OSA). CSC indicates central serous chorioretinopathy.

determine variation in CT within these diagnostic sub-
groups. All patients with treated OSA had been given a form
of PAP therapy. Mean SFCT was significantly different
across the 3 groups. Eyes with only OSA had the thinnest
SFCT (194.2 £+ 59.2 um) followed by eyes with both CSC
and OSA (295.1 £+ 90.6 um), and eyes with only CSC
had the thickest SFCT (357.8 + 117.0 um) (P < .001).
Tukey post hoc analysis showed that the SFCT in eyes of
patients with both CSC and OSA was significantly thicker
than SFCT in eyes of patients with OSA only (P < .05), but
not significantly different from that of CSC-only eyes. Sim-
ilar significant differences were observed for CT measure-
ments 1500 pm nasally and temporally and in the same
pattern. The pattern was less significant at 3000 um in
either direction although maintained a similar trend
(Table 2).

CT Stratified by Treatment Status

When stratified by treatment status, SFCT was similar in
CSC eyes with treated OSA compared with those with
untreated OSA (291.6 + 96.6 vs 301.2 + 85.1 pum, respec-
tively) (Table 3). Multivariable linear regression did not
demonstrate significantly different SFCTs for treated or
untreated OSA with CSC eyes compared with those with
CSC only.

CT Stratified by OSA Severity

When stratified by OSA severity, SFCT was thickest in eyes
in patients with CSC and mild OSA (320.2 + 80.5), fol-
lowed by eyes of those with severe OSA (284.1 + 95.1)
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Table I. Clinical and Demographic Characteristics of Patients With Only OSA, Only CSC, or Both CSC and OSA, and CSC Treatment for Eyes
of Patients with Only CSC or Both CSC and OSA.

Patients with CSC Patients with Patients with
Total patients and OSA only CSC only OSA
(N =57) (n=19) (n = 20) (n=18) P value
Age, mean (SD), y 58.5 (12.9) 58.4 (13.0) 59.6 (12.6) 57.6 (13.8) .895
BMI* at diagnosis, mean (SD) 28.9 (5.9) 28.3 (5.3) 24.1 (1.8) 31.3 (6.5) .006
Sex, No. (%) .537
Male 48 (84.2) 16 (84.2) 18 (90.0) 14 (77.8)
Female 9 (15.8) 3 (15.8) 2 (10.0) 4 (22.2)
Race/Ethnicity, No. (%) <.0001
Non-Hispanic White 26 (45.6) 8 (42.1) 20 (50.0) 8 (44.4)
Hispanic 9 (15.8) 5 (26.3) 4 (20.0) -
Asian 20 (35.1) 4 (21.1) 6 (30.0) 10 (55.6)
Other 2 (3.5) 2 (10.5) - -
Smoking history, No. (%) 499
Never smoker 42 (73.7) 14 (73.7) 16 (80.0) 12 (66.7)
Prior smoker 14 (25.9) 5 (27.8) 3 (15.8) 6 (33.3)
Current smoker 1 (1.9) - I (5.3) -
AHI, median (IQR) 24.7 (15.7-53.9) 17.0 (14.1-24.5) - 31.2 (21.0-54.3) .320
OSA severity,” mean (SD) 076
Mild 11 (19.3) 8 (42.1) - 3 (16.7)
Moderate 12 (21.1) 7 (36.8) - 5 (27.8)
Severe 14 (24.6) 4 (21.1) - 10 (55.6)
Nocturnal SpO, nadir,” median (IQR) 85.0 (78.0-89.0) 86.0 (80.3-89.3) - 80.0 (73.5-89.0) .143
ODI,* median (IQR) 9.8 (6.5-50.4) 7.9 (3.9-15.7) - 15.0 (7.0-63.0) 236

Total eyes with
CSC and OSA or Eyes with CSC and Eyes with
only CSC (n = 43) OSA (n = 22) only CSC (n = 21)

CSC treatment .875
Intravitreal anti-VEGF injection 3 (7.0) 1 (4.5) 2 (9.5) -
Photodynamic therapy 10 (23.3) 6 (27.3) 4 (16.7) -
Laser photocoagulation 1 (2.3) - | (4.8) -
Observation 29 (67.4) 15 (68.2) 14 (66.7) -

Abbreviations: AHI, Apnea-Hypopnea Index; BMI, body mass index; CSC, central serous chorioretinopathy; IQR, interquartile range; ODI, Oxygen Desaturation
Index; OSA, obstructive sleep apnea; SpO,, oxygen saturation; VEGF, vascular endothelial growth factor.

?Calculated as weight in kilograms divided by height in meters squared.

®Defined by American Academy of Sleep Medicine criteria: mild (5 < AHI < 15), moderate (15 < AHI < 30), and severe (AHI > 30).

“Missing minimum nocturnal SpO, nadir for | patient.

9Missing ODI for 10 patients.

Table 2. Choroidal Thickness of Patients With Only CSC, Only OSA, or Both CSC and OSA.

Total (N = 72) CSC with OSA (n = 22) Only CSC (n = 21) Only OSA (n = 29) P value
3000 pm temporal 257.7 (93.0) 261.2 (95.5) 297.9 (93.2)° 215.3 (77.2)° 007
1500 pm temporal 271.9 (94.1) 285.2 (80.8)° 340.7 (93.8)° 211.9 (62.3° <001
Subfoveal 272.7 (111.7) 295.1 (90.6) 357.8 (117.0) 194.2 (59.2)* <001
1500 pm nasal 223.3 (102.6) 2433 (92.2)° 300.5 (104.8)° 152.1 (49.4)° <001
3000 pm nasal 144.9 (75.7) 154.3 (78.9)* 190.8 (84.7)* 105.5 (39.9)* <001

Abbreviations: CSC, central serous chorioretinopathy; OSA, obstructive sleep apnea.
*Tukey post hoc analysis reached a significance of P < .05.
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Table 3. Treatment-Stratified Choroidal Thickness Measurements.
Total CSC with treated CSC with untreated Only CSC Only OSA
(N =72) OSA (n = 14) OSA (n = 8) (n=2I) (n=29) P value
3000 um temporal, mean (SD)  257.7 (93.0) 283.2 (90.8) 217.1 (95.5) 297.9 (93.2)° 215.3 (77.2)° .006
1500 pm temporal, mean (SD)  271.9 (94.1) 296.0 (83.8)* 266.4 (76.7) 340.7 (93.8)* 211.9 (62.3)* <.001
Subfoveal, mean (SD) 272.7 (111.7) 291.6 (96.6)* 301.2 (85.1)* 357.8 (117.0) 194.2 (59.2)* <.001
1500 pm nasal, mean (SD) 223.3 (102.6) 238.9 (107.2)* 251.1 (63.8)* 300.5 (104.8)* 152.1 (49.4)* <.001
3000 pum nasal, mean (SD) 144.9 (75.7) 160.6 (90.1) 139.6 (46.2) 190.8 (84.7)° 105.5 (39.9)* .001
Abbreviations: CSC, central serous chorioretinopathy; OSA, obstructive sleep apnea.
*Tukey post hoc analysis reached a significance of P < .05.
Table 4. OSA Severity—Stratified Choroidal Thickness Measurements.
Total CSC with mild CSC with moderate CSC with severe  Only CSC Only OSA

(N =72) OSA (n=9) OSA (n = 8) OSA (n =5) (n=2I) (n=29) Pvalue
3000 um temporal, mean (SD) 257.7 (93.0)  251.0 (66.9) 2382 (116.5) 314.3 (96.0) 297.9 (93.2)* 2153 (77.2* 0I5
1500 pum temporal, mean (SD) 271.9 (94.1)  304.9 (64.5)* 262.6 (84.4) 286.0 (107.6) 340.7 (93.8)* 211.9 (62.3)* <.001
Subfoveal, mean (SD) 272.7 (111.7) 320.2 (80.5)* 273.8 (103.1) 284.1 (95.1) 357.8 (117.0)* 194.2 (59.2)* <.001
1500 pm nasal, mean (SD) 223.3 (102.6) 268.7 (77.0)* 231.7 (115.9) 216.4 (81.7) 300.5 (104.8)* 152.1 (49.4)* <.001
3000 um nasal, mean (SD) 144.9 (75.7)  166.0 (46.4) 156.2 (112.8) 127.1 (57.6) 190.8 (84.7)* 105.5 (39.9)* .002
Abbreviations: CSC, central serous chorioretinopathy; OSA, obstructive sleep apnea.
*Tukey post hoc analysis reached a significance of P < .05.
Table 5. Association of OSA’s Treatment Status and Severity With Subfoveal Thickness.

Coefficient SE P value

Univariate linear regression of subfoveal thickness among those with only OSA or both CSC and OSA
Baseline AHI —0.53 0.50 296
Minimum nocturnal SpO, nadir 2.98 1.78 .099
ODI —0.51 0.55 .358
Multivariable linear regression of subfoveal thickness by OSA treatment®
CSC only Reference
CSC and treated OSA —74.73 47.62 121
CSC and untreated OSA —72.06 50.96 .162
OSA only —-163.56 25.78 <.001

Abbreviations: AHI, Apnea-Hypopnea Index; CSC, central serous chorioretinopathy; ODI, Oxygen Desaturation Index; OSA, obstructive sleep apnea; SpO,,

oxygen saturation,
*Adjusted for OSA severity.

and then moderate OSA (273.8 + 103.1) (Table 4). Post
hoc analysis comparing eyes of patients with both CSC and
OSA by OSA severity (mild, moderate, or severe) did not
reach significance across any comparisons. However, we did
observe significantly thicker SFCT in patients’ eyes with
CSC and mild OSA compared with patients with OSA only
(P < .05). Similar patterns were observed at other

measurement locations (see Table 4). Univariate linear regres-
sion analysis demonstrated a significant difference for eyes
with CSC and moderate OSA (B = -84.01, P = .027) com-
pared with CSC-only eyes (see Table 5). Univariate linear
regression for the effect of baseline AHI, nocturnal SpO, nadir
and baseline ODI showed no significant associations with
SFCT (see Table 5).
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Figure 3. Choroidal thickness of patients with central serous
chorioretinopathy (CSC), obstructive sleep apnea (OSA), or both
CSC and OSA compared with controls. SFCT indicates subfoveal
choroidal thickness.

Conclusions

A recent study from our group demonstrated a significant asso-
ciation between CSC and OSA diagnoses.’ Therefore, we per-
formed a retrospective case review of patients with CSC and
OSA who were evaluated with EDI SD-OCT at our academic
center, and we sought to elucidate OSA treatment and severity
on CT in patients with dual diagnoses of CSC and OSA.

First, we found that eyes of patients with both CSC and OSA
had CT that was thinner than those with only CSC and thicker
than those with only OSA, but was significantly different from
eyes only with OSA only (see Figure 3). Second, patients with
CSC and treated or untreated OSA had significantly thicker
SFCT than patients with OSA only (see Figure 2), but there
was no difference between eyes of patients with CSC and trea-
ted OSA compared with those with CSC and untreated OSA
(see Tables 3 and 4). Third, we did not find a significant dif-
ference in CT of patients based on their diagnostic polysomno-
gram AHI or ODI, nor in their nocturnal SpO, nadir—all
measures of OSA severity. Even so, the use of these novel
biometric features for evaluation of severity of OSA disease
is important for future investigations, because these are the
variables that sleep medicine specialists use to diagnose and
follow OSA; they are more detailed characterizations of dis-
ease severity than AHI alone.

Our findings of thicker CT in eyes with only CSC and
thinner CT in patients with only OSA are consistent with
findings from prior studies.®'>**2® Although the precise
mechanisms underlying these changes are unclear, prior
hypotheses have posited that systemic vascular congestion
and engorgement manifest as thicker CT in eyes with CSC,*
and that repeated episodes of nocturnal hypoxemia result in

microvascular ischemia and atrophy, which leads to thinner
CT in patients with OSA.'*!* Several recent studies have
also looked at the effects of both CSC and OSA on CT, as
reported in a recent systematic review by Wu et al.'” The
results of these studies indicate that patients with CSC and
moderate or severe OSA have significantly thinner CT when
compared with healthy controls. In our study sample, eyes of
patients with CSC and moderate OSA had a significantly
thinner CT compared with CSC-only controls. Although we
did not observe a difference among CSC eyes of patients
with severe OSA, it is possible our sample was underpowered
to detect these differences.

The literature on the effect of OSA treatment on CT
changes is sparse and contradictory.’**' While a major
strength of our study is the use of a strict compliance defi-
nition for OSA treatment, we did not find a difference in
SFCT among patients with treated and untreated OSA (see
Tables 3 and 4). Future studies to reconcile these conflicting
results would offer a major contribution to the understanding
of eyes in patients with OSA and CSC.

The novel pursuit of our study was to investigate whether
SFCT in patients with both CSC and OSA was associated with
previously unexplored indicators of sleep-disordered breathing
commonly used in the sleep medicine literature, such as AHI,
ODI, and nocturnal SpO, nadir.>*~** Based on our analysis of
37 eyes of patients with OSA (22 eyes of patients with both
CSC and OSA plus 29 with only OSA), we observed a trend
toward significance in the association between nocturnal SpO,
nadir and SFCT (see Table 4). This finding may support the
theory that choroidal thinning in OSA is a result of nocturnal
hypoxemia; however, more work is needed to definitively con-
firm or refute this association. We did not find a significant
association between AHI and CT or between ODI and CT.
Future studies may further explore the utility of these indices
given the proposed mechanism that underlies CT changes in
CSC and OSA, but our study was underpowered to assess these
effects.

As with all retrospective studies, our study has its limita-
tions. While every effort was made to minimize limitations, our
study had a relatively small cohort of patients (n = 57). More-
over, all patients were recruited from a single institution, which
may limit the generalizability of the study. AHI was used as
a measure of OSA severity, but there are data that indicate this
may not be the best proxy.*> Furthermore, we do not have data
on the patients’ OSA treatment aside from what was documen-
ted in the EHR, and important confounders such as OSA dura-
tion and choroidal volume were not assessed in this study.
Finally, OCTs among the minority of eyes receiving treatment
for CSC were predominantly measured posttreatment with
intravitreal anti-VEGF agents or PDT, which may have led to
greater variation in CT, although the evidence for changes in
CT following anti-VEGF or PDT treatment in CSC is not well
established.’' %7 We aimed to prioritize OCT quality over
timing in relation to diagnosis or treatment, but timing is an
important consideration for future, prospective studies.



Azad et al

29

The strengths of our study include the use of an EHR to
capture all patients with CSC and OSA who were seen at
our academic center over a 25-year period and the use of
strict definitions of OSA severity and treatment. Further-
more, to our knowledge, this is the largest study to date that
analyzes OCT data for patients with CSC and OSA. As stated
earlier, all patients with OSA had their diagnoses confirmed by in-
laboratory polysomnography. OSA severity grading was defined
by the AASM; OSA treatment was defined by a reduced AHI and
by the number of hours of PAP therapy per night. We were also
able to attain a high degree of interrater reliability for CT mea-
surements, similar to prior published studies.

In summary, we found that patients with only CSC had
thicker CT than patients with CSC and treated or untreated
OSA and that patients with OSA only had the thinnest CT at
all 5 measurement points. We did not observe any differ-
ences between OSA treatment status, OSA severity, ODI, or
nocturnal SpO, nadir among patients with CSC and OSA,
but this study may be leveraged for future, prospective stud-
ies to directly investigate the relationship of OSA treatment
in patients with both CSC and OSA or the screening for OSA
in patients with CSC and abnormally thin CT. ODI and noc-
turnal SpO, nadir are novel biometric features of OSA disease
severity that should be used in future studies. Longitudinal stud-
ies are needed to confirm these findings, but our results may
suggest a role for OSA evaluation in patients with known CSC
who also have atypically thin CT.
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