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Association of obstructive sleep apnea/hypopnea syndrome
with glaucomatous optic neuropathy and ocular blood flow
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Abstract. The present study aimed to investigate the prevalence
of glaucomatous optic neuropathy in patients with obstructive
sleep apnea/hypopnea syndrome (OSAHS). In total, 83 subjects
(45 cases of severe OSAHS and 38 controls) underwent poly-
somnographic assessment and were evaluated for the severity
of the disease using the Apnea-Hypopnea index. A detailed
ophthalmologic exam was then performed, including measure-
ment of the intraocular pressure (IOP) with a Goldmann
applanation tonometer and Pascal dynamic contour tonometer
(DCT), recording of the ocular pulse amplitude measured by
the Pascal DCT, standard automated perimetry and retinal
nerve fiber layer (RNFL) and ganglion cell complex (GCC)
thickness evaluation using optical coherence tomography.
Ocular blood flow was assessed using color Doppler imaging
(CDI) and ophthalmic artery indices were evaluated, including
peak systolic blood velocity, end diastolic blood velocity
and resistivity index (RI). There was a significant differ-
ence in the mean IOP between controls (11.03+3.85 mmHg)
and cases of severe OSAHS (18.06+3.39 mmHg) when the
IOP was measured by DCT (P<0.0001), but not with the
Goldmann applanation tonometer (IOP, 13.97+2.85 mmHg for
controls and 14.89+3.21 mmHg for cases of severe OSAHS;
P=0.0877). Significant negative correlations were observed
between RNFL thickness and RI (P=0.0011) in cases of severe
OSAHS, as well as between GCC thickness and RI (P<0.008)
in all subjects. Furthermore, a negative correlation between RI
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and RNFL thickness in severe cases of OSAHS suggested a
hemodynamically induced vulnerability of RNFL in OSAHS.
The correlation between RI and GCC thickness in all subjects
suggested that impaired perfusion, more prominent in OSAHS,
leads to structural changes. Therefore, cases of severe OSAHS
should be monitored for changes in RNFL and GCC thickness,
as well as CDI findings. Furthermore, patients with increased
ophthalmic artery RIs should be monitored for changes in the
GCC, regardless of the etiology of the RI increase.

Introduction

Obstructive sleep apnea/hypopnea syndrome (OSAHS) is
the most common type of sleep respiratory disorder and is
characterized by repetitive, complete or partial collapse of the
pharyngeal airway during sleep, which leads to a reduction in
oxygen desaturation and poor sleep quality (1). With an esti-
mated prevalence of 4% in males and 2% in females, various
risk factors have been implicated, including obesity, age, male
sex and a thick neck diameter (1).

A number of sleeping disorders, including OSAHS,
are associated with ocular conditions, such as floppy eyelid
syndrome, keratoconus, retinal vascular congestion and
bleeding, non-arteritic anterior ischemic optic neuropathy
and glaucomatous optic neuropathy (GON), and have been
implicated in the impaired autoregulation of optic nerve head
perfusion as a direct effect of hypoxia (2-5).

GON is a group of disorders characterized by progressive
optic neuropathy and the degeneration of retinal ganglion
cells, resulting in characteristic alteration (cupping) of the
optic nerve head, as well as a pattern of visual field loss (6).
The prevalence of glaucoma in the general population is
1-2% (7). Damage to the optic nerve may occur directly by
the effect of elevated intraocular pressure (IOP) or due to
impaired perfusion, and factors implicated in these processes
include diabetes, obesity, cardiovascular disease, systemic
hypertension or hypotension, vasospasms, autoregulatory
defects and atherosclerosis, particularly in patients with
normal IOP (8,9).
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A possible association between OSAHS and GON has been
the subject of various studies, which have proposed OSAHS
as a risk factor for developing glaucoma and have reported
an increased prevalence of OSAHS (ranging from 5.9-27%)
among patients with glaucoma and vice versa (2,3,10-14).
Therefore, the present study aimed to investigate this possible
association and its underlying mechanisms.

Patients and methods

Patients. A total of 45 patients with newly diagnosed severe
OSAHS, as determined by the Apnea Hypopnea Index
(AHI) (1), were selected and 38 controls were matched with
OSAHS cases for sex, age and body mass index. All subjects
were prospectively, consecutively recruited from the Sleep
Apnea Department of Konstantopouleio-Patission Hospital
(Athens, Greece) between September 2016 and December 2017.
A total of 58 male and 25 female patients aged 48-80 years
were recruited.

Inclusion and exclusion criteria. Patients with a history of
ocular surgery (including laser treatments), ocular trauma,
anterior or posterior segment disease, chronic steroid use,
alcohol abuse, bronchial asthma, interstitial lung diseases,
cerebrovascular disease, diabetes mellitus, heavy smoking
(defined as >20 packs/year), systemic hypertension and
atherosclerotic factors with a potential effect on blood flow
were excluded from the study. With regard to the controls,
additional ophthalmic criteria for inclusion in the study were
as follows: IOP <21 mmHg (at three separate visits), no clinical
evidence of GON (such as cupping, neuroretinal rim thinning
or notching, disk hemorrhages, C/D asymmetry between eyes
>(0.2), normal anterior chamber angle on slit lamp gonioscopy,
normal visual field tests and no previous history of glaucoma
medication use.

Patient assessment. Subjects underwent polysomnog-
raphy using a computerized system (SOMNOscreen Plus;
Somnomedics GmbH). This examination included the
following: Electroencephalography, electrocardiography,
electromyography, assessment of arterial blood oxygen
saturation, snoring recording, nasobuccal airflow detection,
chest wall and thoracic effort monitoring and body posi-
tion recording. Factors analyzed included apnea, hypopnea,
mean arterial blood oxygen saturation and snoring time.
The number of apneic and hypopneic events per hour of
sleep, indicated by the Respiratory Disturbance Index
(RDI), was also documented (5). The severity of sleep
apnea was graded according to the AHI. A score of <5 was
considered normal, that of 6-15 was graded as mild, that of
16-30 was graded as moderate and that of >30 was consid-
ered as severe (15).

All patients underwent orbital color Doppler imaging (CDI;
Logic E9; GE Healthcare). An 11-MHz linear surface probe
was used and the measurements were performed with patients
in the supine position, gazing upwards with closed eyelids.
Peak systolic blood velocity (PSV) and end diastolic blood
velocity (EDV) in the ophthalmic artery were calculated. The
resistivity index (RI) was calculated using Pourcelot's formula
(RI=PSV-EDV/PSV).

The detailed ophthalmological examination included
recording of the best corrected visual acuity, slit lamp exami-
nation of the anterior segment, measurement of IOP with
a Goldmann applanation tonometer (Haag-Streit AG) and
Pascal DCT (Ziemer Ophthalmic Systems AG), recording
of the ocular pulse amplitude (OPA) measured by a Pascal
DCT, gonioscopic examination and fundus examination after
mydriasis. Visual fields were evaluated using a Humphrey 740i
field analyzer (Sita standard 24-2 strategy; Zeiss AG). Retinal
nerve fiber layer (RNFL) thickness and ganglion cell complex
(GCC) were examined via optical coherence tomography
(OCT; Optovue, Inc.).

Statistical analysis. All statistical analysis was performed
using the statistical software JMP Pro version 13 (SAS
Institute, Inc.). Statistical analysis was performed using linear
regression between various parameters based on controls and
non-control sets.

All data were checked for normality of distribution
using a Shapiro-Wilk test. For data determined to follow a
normal distribution, comparison between the two groups was
performed and P-values were determined by Student's t-test.
For ordinal parameters not following a normal distribution,
contingency analysis was used and P-values were determined
using Fisher's exact test. In order to examine differences for
nominal parameters that did not follow a normal distribution,
the non-parametric Mann-Whitney U-test was used to deter-
mine P-values.

Linear regression was used for the estimation of significant
predictors of the outcome variable, indicated by the magnitude
and sign of the beta estimates. These regression estimates were
used to explain the relationship between one dependent vari-
able and one or more independent variables. Analysis results
were presented in a scatterplot. P<0.05 was considered to
indicate a statistically significant difference.

Results

Patient information. Patient characteristics and ocular
parameters are presented in Table I, while the results of the
polysomnographic study and CDI parameters are presented in
Table II. There was no statistical difference between male and
female patients between the two groups with regards to sex
(P=0.09) and age (P=0.21).

IOP. No statistically significant difference was identified in
the mean IOP when measured with DCT between controls
and OSAHS cases (P=0.88), as well as with a Goldmann
applanation tonometer (P=0.17; Table I). For the control
group, a significant difference was observed in the measure-
ment of IOP using either method (P=0.0003) and for cases
of severe OSAHS, the difference in IOP was also significant
(P<0.0001).

Other glaucoma parameters. When comparing the two
groups, CCT (P=0.23), mean defect in visual field testing
(P=0.19) and average GCC (P=0.55) exhibited no statistically
significant difference. Similarly, average, superior and inferior
RNFL values were not significantly different between controls
and OSAHS cases (Table I).
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Table 1. Demographic data and ocular parameters for the cohort.

Item Controls (n=38) Severe OSAHS (n=45) P-value
Sex (male/female) 23/15 35/10 0.09*
Age (years) 59.8+8.3 (57.1 to 62.6) 62.1+7.6 (59.8 to 64.3) 0.21
IOP Goldmann (mmHg) 14.0+2.6 (13.0 to 14.9) 14.9+3.2 (139 to0 15.8) 0.17
IOP Pascal (mmHg) 18.2+2.6 (17.3 to 19.0) 18.1£3.4 (17.1 to 19.1) 0.88
OPA Pascal (mmHg) 2.6+09 (2.3t02.9) 2.7+09 (2.5t0 3.0) 0.59
CCT (um) 550.7+41.2 (537 to 564) 561.0+£35.0 (550 to 571) 0.23
Visual field (MD) -1.0+£2.0 (-1.6 to -0.3) -1.6+2.1 (-2.2t0-0.9) 0.19
Average RNFL 104.9+8.6 (102.0 to 108.0) 101.5+11.2 (98.0 to 105.0) 0.13
Superior RNFL 103.4+9.6 (100.3 to 106.6) 99.16x11.79 (95.6 to 102.7) 0.07
Inferior RNFL 106.1629.10 (103.2 to 109.2) 103.80+12.39 (100.1 to 107.5) 0.32
Average GCC 93.6+7.8 (91.0 to 96.1) 94.6+8.4 (92.1 t0 97.2) 0.55

*P-value determined by Fisher's exact test on contingency analysis. All other parameters followed a normal distribution according to the
Shapiro-Wilk test for normality and P-values were determined using the t-test. Values are expressed as the mean + standard deviation (95% CI)
or n. OSAHS, obstructive sleep apnea-hypopnea syndrome; IOP, intraocular pressure; CCT, central corneal thickness; MD, mean defect;
RNFL, retinal nerve fiber layer; GCC, ganglion cell complex; OPA, ocular pulse amplitude.

Table II. Results of polysomnographic study and color Doppler imaging parameters.

Parameter Controls Severe OSAHS P-value
AHI 4.0+£3.0 (3.0 t0 6.0) 374+154 (32,8 t0 42,0) <0.001**
Saturated O, % 94.5+1.0 (92,2 to 94,8) 93.8+1.5 (93,3 to 94,2) 0.02#*
RDI 29.5+20.8 (22.6 to 36.3) 150.2+58.1 (132.7 to 167.6) <0.001**
RI 0.7£0.1 (0.7 t0 0.7) 0.7£0.1 (0.7 t0 0.7) 0.13¢
PSV 41.4+14.3 (36.7 t0 46.1) 42.2+15.3 (37.6 t0 46.8) 0.63*
EDV 12.4+5.6 (10.1 to 12.9) 11.5+4.6 (10.7 to 14.1) 0.63*
PVA 29.0+£10.2 (25.7t0 32.4) 30.7£12.0 (27.0 to 34.3) 0.50*

“P-value determined by non-parametric Mann-Whitney U-test. Indicates statistically significant values. “Variable followed a normal distribu-
tion according to the Shapiro-Wilk test for normality and P-value was determined using the t-test. Values are expressed as the mean + standard
deviation (95% CI) or n. OSAHS, obstructive sleep apnea-hypopnea syndrome; AHI, apnea-hypopnea index; RDI, respiratory disturbance
index; RI, resistivity index; PSV, peak systolic blood velocity; EDV, end diastolic blood velocity; PVA, patient-ventilator asynchrony.

AHI and RDI. The AHI and RDI were significantly increased
in the severe OSAHS cases vs. controls (P<0.001; Table II).
Furthermore, no association was obtained between the AHI
and RI of the ophthalmic artery as detected by CDI (P=0.24).

OPA. No statistically significant difference was noted in the
OPA measured using a Pascal tonometer between the two groups
(P=0.59). Furthermore, no significant association was identified
between OPA and the mean GCC or RI of the ophthalmic artery
after CDI between the subject groups (Table I).

RI. No significant correlation between the mean average RNFL
and RI was obtained in the control group. By contrast, in patients
with severe OSAHS, the average RNFL was determined to
decrease significantly with increments in RI (P=0.0011), with a
strong correlation coefficient of -68.2 (Fig. 1).

A similar effect was observed in the subgroups of mean
superior and inferior RNFL. The mean superior RNFL values

analyzed with regards to the RI demonstrated no statisti-
cally significant effect for the control group, but a significant
decrease in the RNFL was noted with the increase of the
RI in the severe OSAHS group and a strong correlation was
obtained for this hypothesis (P=0.003; correlation coefficient,
-67.6; Fig. 2). For inferior RNFL values in relation to the RI,
no statistical significance was noted for the control group, but
in the OSAHS group, the RNFL appeared to decrease as the
RI increased (P=0.0017; correlation coefficient, -69.5; Fig. 3).

When the RI was examined in relation to the average
GCC, the latter appeared to be significantly decreased with RI
increments in both groups (Fig. 4). For the control group the
correlation coefficient was -42.0 (P=0.008 and for the OSAHS
group, it was -49.6 (P=0.0014).

Sleep position. With regards to differences in the RI
between the eyes, no statistical significance was observed in
the control group between the subjects that prefer to sleep



4 DALIANIS et al: OBSTRUCTIVE SLEEP APNEA/HYPOPNEA SYNDROME AND GLAUCOMATOUS OPTIC NEUROPATHY

130 130
125 ' 120
120
110
115
. . - 100
¥ 110 . . _ g?
Z 405 "h"""“""‘““7—4-~_“;“‘~_““‘; g 9
100 . L 80
95 . . ' ’ . ’ 70 Term Estimate Std Emor tRatio Prob>|t|
Intercept 15004327 1421975 1055
w 682116 1078659 345
90

0.5 0.55 0.6 0.65 0.7 0.75 08 0.85 60
RI 05 055 06 065 07 075 08 085 09 0.95
RI

Figure 1. Average RNFL thickness in relation to RI increases in the control (left) and obstructive sleep apnea/hypopnea syndrome group (right). r=-68.21+19.78
(P=0.0011). RNFL, retinal nerve fiber layer; RI, resistivity index; avg, average; Std, standard; Prob, P-value.
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Figure 2. Superior RNFL thickness in relation to RI increases in the control (left) and obstructive sleep apnea/hypopnea syndrome group (right). r=-67.63+21.83
(P=0.003). RNFL, retinal nerve fiber layer; RI, resistivity index; sup, superior; Std, standard; Prob, P-value.
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Figure 3. Inferior RNFL thickness in relation to RI increases in control (left) and obstructive sleep apnea/hypopnea syndrome group (right). r=-69.53+21.06
(P=0.0017). RNFL, retinal nerve fiber layer; RI, resistivity index; inf, inferior; Std, standard; Prob, P-value.

on their side and those that sleep in the supine position  sleep position (left, right or supine) and RNFL or GCC
(P=0.09). The same was observed for the OSAHS group  difference between the two eyes in both groups (P=0.59 and
(P=0.09). No significant association was identified between  0.91, respectively).
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Figure 4. Average GCC thickness in relation to RI increases in the control (left) and obstructive sleep apnea/hypopnea syndrome group (right). r=-49.66+14.74
(P=0.0014). RNFL, retinal nerve fiber layer; RI, GCC, ganglion cell complex, resistivity index; avg, average; Std, standard; Prob, P-value.

Saturated O,%. A statistically significant decrement of near
1% was noticed in saturated blood oxygen percentage for
the OSAHS group when compared with the control group
(P=0.02) (Table II).

Discussion

It has been reported that OSAHS is associated with the
pathogenesis of GON via both vascular and mechanical path-
ways (10,16). An impaired blood flow to the optic nerve appears
to be the most probable mechanism, with optic nerve fibres
being directly damaged by an unstable oxygen concentration
and reperfusion, followed by oxidative stress possessing an
indirect effect (16). While certain studies observed a preva-
lence of GON ranging from 3-27% in patients with OSAHS,
others reported a minimal or no correlation (17-20). When
patients with glaucoma were evaluated for OSAHS, previous
studies indicated a prevalence ranging between 40 and 54%,
and it was particularly elevated in patients with normal tension
glaucoma (18). Thus, this lack of consistency between findings
means that the exact relationship between OSAHS and GON
remains undetermined. Therefore, the present prospective,
observational case-control study aimed to investigate the basis
of this association by analysing the parameters of ocular blood
flow.

Several studies have identified a positive association
between IOP and OSAHS, including a study by Lin et al (19)
revealing increased IOP values according to the severity of
OSAHS (18-20). However, other studies indicated no significant
differences in the mean IOP of patients with OSAHS compared
with that of controls when measuring the IOP with various
tonometry methods (18,21). In the present study, no significant
difference in the mean IOP was observed between controls
and severe OSAHS cases either by Goldmann applanation
tonometry or DCT. To the best of our knowledge, the present
study was the first to obtain IOP values with both methods.
Goldmann applanation tonometry is used in most studies, with
the exception of the study by Lin ez al (19), who used Perkins
applanation tonometry, and that by Asker et al (21), who used
an ocular blood flow analyzer. When IOP measurements

performed by either method are compared, a significant
difference is observed for controls and subjects with OSAHS
between the two tonometry methods (P<0.0001). Although
studies have reported that the IOP measured using applana-
tion and DCT exhibited no statistically significant difference,
higher IOP values have been observed using DCT vs. applana-
tion, with certain reports suggesting that this is observed in
patients with low CCT values (22). Based on the aforemen-
tioned information and taking into consideration that CCT
values in patients of the present study exhibited no statistical
differences between groups (P=0.22), it was possible to attri-
bute these present results to the small sample size. Recently,
Arriola-Villalobos et al (23), in a study on 25 patients with
severe OSAHS examining corneal parameters, determined
significant differences in corneal elevation, corneal volume
and minimum radius in patients with OSAHS compared with
those in controls. This may provide a different explanation
for the deviation in IOP between the two tonometry methods
observed in the present study. Thus, it was concluded that
further investigations with a larger sample are required in
order to further signify these results.

With regard to the correlation between the AHI and
GON parameters, a small number of studies have reported a
statistical significance for IOP, whilst as per its relationship to
mean defects in visual fields, results are varied in the existing
studies (18). In the present study, a statistically significant
difference was determined for both AHI and RDI in the cases
of severe OSAHS compared with controls, with P<0.001.

RI has been used as a marker of vascular resistance,
which is altered by various pathologies that affect the vessel
walls. Atherosclerosis, hypercholesterolemia or smoking, as
well as alterations in blood pressure, nocturnal dipping and
vasoconstriction, carotid artery disease and diabetes mellitus
are among the pathologies reported in the current litera-
ture (16,21,24-27). Such conditions were considered exclusion
criteria for the present study in order to minimize the effect
of vascular pathologies on ocular blood flow. Various studies
have investigated the possible difference in RI between cases
of OSAHS and controls, but these have reported no statistically
significant difference (24-27). In the present study, a statistical
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significance was identified in the RI between the two groups
(P=0.04).

The role of RI has been investigated in several studies
examining OSAHS, mainly regarding its relationship with
visual fields, which revealed altered indices in patients
with OSAHS who exhibit no evidence of GON (18,20).
Furthermore, an increased RI of the ophthalmic artery has
been reported in patients with glaucoma compared with that in
healthy subjects and has been suggested as a predictive factor
for visual field progression in GON (25,26). In the present
study, RNFL thickness was indicated to decrease significantly
with increased RI in patients with severe OSAHS but not for
the control group. This was confirmed for average (P=0.0011),
superior (P=0.0030) and inferior (P=0.0017) RNFL. ANOVA
demonstrated that for every unit increase in the RI, a decrease
of the RNFL by almost 68 units was obtained when analyzing
the average and superior RNFL, and a decrease by decrease
69 units for the inferior RNFL for patients with OSAHS. Of
note, when comparing RNFL values between the two groups,
no significant difference was obtained in the subgroups of
average, superior or inferior RNFL. This result suggests
a complex effect of the RI on RNFL in OSAHS. While the
effect of OSAHS on RNFL and GCC, measured either by
OCT or scanning laser polarimetry, has been the focus of
several studies, which have identified a severity relationship
between RNFL thinning and OSAHS, other studies have indi-
cated no correlation (18-20), and to the best of our knowledge,
the present study was the first to associate the RI directly with
RNFL.

Of note, evidence from the present study indicated a rela-
tionship between the RI and average GCC. Both the controls
and patients with OSAHS exhibited decreased GCC values as
the RI increased. In order to explain this result, no evidence
regarding the effect of RI on ganglion cells was found in
the current literature. Given that the RI may be indicative
of decreased blood flow and decreased perfusion (25,27),
this result may suggest a particular vulnerability of macular
Ganglion cells to altered blood flow, which may be possibly
higher in patients with OSAHS.

Given these results, an examination of other CDI compo-
nents, specifically PSV and EDV, may provide additional
information and/or reveal more complex relationships.

The main limitation of the present study was the sample
size. Another possible limitation was that all patients with
OSAHS had severe disease (AHI >30), and thus, these results
should be investigated in cases with milder disease.

In conclusion, a decrease in RNFL thickness that depends
on RI increases in cases of severe OSAHS suggested a
vulnerability of the RNFL in OSAHS. The decrease in GCC
thickness as the RI increased in all subjects indicated that
impaired perfusion, particularly in OSAHS, leads to struc-
tural changes. Thus, the long-term follow-up of patients with
OSAHS should include OCT evaluation for changes in RNFL
and GCC thickness, as well as CDI evaluation. Furthermore,
patients with increased ophthalmic artery RIs on CDI, regard-
less of the etiology, should be monitored for GCC changes.
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