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Abstract

Background This study was designed to objectively evalu-
ate visual function and the causal relationship between sleep
apnea and optic nerve dysfunction in patients with obstruc-
tive sleep apnea syndrome (OSAS) with or without diagno-
sis of normal-tension glaucoma (NTG) using multifocal
visual evoked potentials (mfVEP).

Methods This observational, cross-sectional study assessed
20 patients with recently diagnosed OSAS with or without
NTG. Diagnosis of sleep apnea was based on overnight poly-
somnography (ApnoeScreen). All participants underwent a
complete physical and ophthalmologic examination. MfVEP
recordings obtained using VERIS software (Electro-Diagnos-
tic Imaging, San Mateo, USA), SITA-standard 30-2 automat-
ed perimetry (Humphrey Visual Field Analyzer II) and optic
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coherence tomography (Topcon 3D OCT-1000) exams were
performed to evaluate the changes.

Results Abnormal mfVEP amplitudes defects (interocular
and monocular probability analysis) were found in 40% of
the eyes in the non-glaucoma group and in 90% of eyes of
the NTG patients. As well, delayed mfVEP latencies (inter-
ocular and monocular probability analysis) were seen in 30
and 60% of the eyes of the non-glaucoma and NTG groups,
respectively. The average RNFL (retinal nerve fiber layer)
thickness was significantly reduced in the NTG eyes com-
pared to the control database and the non-glaucoma eyes.
On the Humphrey Visual Field total deviation analysis, all
the NTG eyes showed significant clusters of abnormal
points but none was detected in the non-glaucoma group
eyes. However, the mfVEP amplitude and latency did not
show any significant correlation with the standard perimetry
and OCT variables, because the mfVEP technique was able
to detect far more early visual defects in these patients.
Systolic blood pressure, sleep efficiency, arousal index,
mean and minimum arterial oxygen saturation (Sa0,), time
Sa0,<90%, oxyhemoglobin desaturation index, number of
central and mixed apneas and apnea-hipopneas index were
shown to be significantly correlated with mfVEP amplitude
and latency.

Conclusions A significant incidence of subclinical optic
nerve involvement, not detected with other structural and
psychophysics diagnostic techniques was seen by means of
the mfVEP. In this sense, the mfVEP may be a useful diag-
nostic tool in the clinic for early diagnosis and monitoring of
optic nerve function abnormalities in patients with OSAS.

Keywords Multifocal visual evoked potentials - Normal-

tension glaucoma - Obstructive sleep apnea syndrome - Optic
nerve evaluation - Sleep apnea
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Introduction

Obstructive sleep apnea syndrome (OSAS) is characterized
by recurrent partial or complete upper airway obstruction
during sleep, which is generally terminated by arousal and
increased muscle tone. Obstructive respiratory disturbances
often lead to severe hypoxemia and consequent increases in
vascular resistance which, in turn, may compromise optic
nerve head perfusion and oxygenation [1-3], as well as
vascular dysregulation [4].

Both mechanical and vascular factors have a function in
optic nerve pathology reported with OSAS, such us glauco-
ma, anterior ischemic optic neuropathy (AION), and disc
swelling. Vascular compromise can occur because of recur-
rent episodes of apnea with reductions in arterial oxygen
saturations (Sa0,), intermittent elevations in intracranial
pressure, and systemic hypertension [5]. Mechanical factors
may include the positive association between obesity, rather
frequent in patients with OSAS and intraocular pressure by
causing excessive intraorbital adipose tissue, increased
blood viscosity, increased episcleral venous pressure, and
decreased aqueous outflow [6].

OSAS has been associated with a variety of ocular dis-
eases, including floppy eyelid syndrome, primary open-
angle glaucoma (POAG) and normal-tension glaucoma
(NTG), AION, and papilledema. It has been stressed that
OSAS may be a predisposing condition for AION [7]. A
high incidence (14.6—47.6%) of POAG has been reported in
patients with sleep-disordered breathing [8, 9]. Similarly, the
prevalence of NTG in patients with OSAS has also been
found to be higher than in the general population [4, 10].
Mojon et al. [11] suggested that age may also influence the
prevalence of OSAS in NTG, being more prevalent in older
people, as well.

This first study was designed to objectively evaluate the
visual function and the causal relationship between sleep
apnea, hypoxia, and optic nerve dysfunction in patients with
OSAS with or without diagnosis of NTG using multifocal
visual evoked potentials (mfVEP). To our knowledge, this is
the first study to evaluate the optic nerve function in patients
with sleep apnea and NTG by using the mfVEP.

Patients and methods

This observational, cross-sectional study included 20
patients with OSAS recently diagnosed with (n=10) or
without NTG (»=10), which were consecutively recruited
from a total of 118 patients referred to the glaucoma depart-
ment for further evaluation. A total of 14 patients were
diagnosed with glaucoma, of which ten had NTG. Patients,
who had a history suggestive of antiglaucomatous drug
usage, chronic uveitis, family glaucoma, previous optic
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neuropathy or ocular trauma, and eye surgery or laser treat-
ment, were excluded. The study was conducted in accor-
dance with the Declaration of Helsinki for biomedical
research and was approved by the Institutional Review
Boards of University Hospital Doce de Octubre and Uni-
versity of Alcala. All participants provided informed
consent.

All patients had a medical history and complete physical
examination, blood analysis, pulmonary function test, and
gasometry. Diagnosis of OSAS was based on overnight
polysomnography (ApnoeScreen®, Erich Jaeger GMBH &
CoKg, Germany). OSAS severity was classified using the
apnea-hipopneas index (AHI), defined as the number of
apnea and hypopnea per hour of total sleep time. OSAS
was considered mild if the AHI was 5-15 events/h, moder-
ate if 15-30 events/h, and severe if >30 events/h. Other data
investigated were: sleep efficiency, arousal index, mean and
minimum Sa0,, time with Sa0, under 90% (time Sa0O,<
90%), oxyhemoglobin desaturation index (ODI), and num-
ber of central and mixed apneas. For this study, the normal
control subjects were selected from those patients in our
clinic that did not meet any OSAS diagnostic criteria.

All participants underwent a complete ophthalmologic
examination that included: visual acuity (VA), pupillary
reflexes, slit-lamp biomicroscopy, applanation tonometry,
ultrasonic pachymetry, gonioscopy, and ophthalmoscopy.
SITA-standard 30-2 automated perimetry was performed
(Humphrey Visual Field Analyzer II; Carl Zeiss Meditec,
Inc., Dublin, CA). All subjects had reliable visual fields with
fewer than 15% fixation losses, false positives, and false
negatives. Optic coherence tomography (OCT) was
obtained with Topcon 3D OCT-1000 (Topcon Inc, Paramus,
NJ, USA), employing retinal nerve fibber layer (RNFL)
peripapillary map with an interpolated circle scan of
3.4 mm diameter around the optic disc. Patients were ex-
cluded if they had a refractive error exceeding 5 diopters
equivalent sphere or 3 diopters of astigmatism, or a media
opacity such as cataract that prevented OCT examination.
We only used images with a quality score over 60 according
to the manufacturer’s recommendations.

Diagnosis of NTG was established using standardized
criteria: a cup-to-disc ratio over 0.5 or difference between
two eyes >0.2 with thinning of the neuroretinal rim, glau-
comatous visual field loss, open iridocorneal angle and
intraocular pressure readings <21 mmHg without treatment
[12]. The eye with worse mean deviation in the Humphrey
visual field (HVF) was selected for analysis.

All control subjects had to meet the following ophthal-
mological criteria for inclusion in the study: no intraocular
pressure elevation over 21 mmHg; no evidence of glaucom-
atous optic nerve appearance, no disc hemorrhages, and a
cup-to-disc ratio less than 0.5; normal gonioscopic exami-
nation and, normal visual field test results.
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Multifocal visual evoked potential recordings and analysis

MIVEP recordings were obtained using VERIS software
(Electro-Diagnostic Imaging, San Mateo, CA, USA). The
stimulus was a scaled dartboard with a diameter of 44.5°,
contained 60 sectors, each with 16 checks alternating, eight
white (200 cd/m?) and eight black (<3 cd/m?). The sectors
were cortically scaled with eccentricity to stimulate approx-
imately equal areas of the visual cortex [13]. The dartboard
pattern reversed according to a pseudorandom m-sequence
at a frame rate of 75 Hz [14].

Three channels of continuous VEP recordings were
obtained with gold cup electrodes. For the midline channel,
the electrodes were placed 4 cm above the inion (active), at
the inion (reference), and on the forehead (ground). For the
other two channels, the same ground and reference electro-
des were used, but the active electrodes were placed 1 cm
above and 4 cm lateral to the inion on either side. The
records were amplified with the high- and low-frequency
cut-offs set at 3 and 100 Hz, respectively, (half amplitude
preamplifier P511J; Grass Instruments, Rockland, MA), and
sampled at 1,200 Hz (every 0.83 ms). The impedance was
<5 K for all subjects. In a single session, two 7-minute
recordings were obtained from monocular stimulation of
each eye and were averaged for analysis. Second-order
kernel best-channel responses were then extracted (VERIS
5.0 software; EDI) [15, 16]. This averaging, as well as all
other analyses, was computed with custom-made programs
written in commercial software (Matlab; MathWorks Inc.,
Natick, MA) [17].

Responses’ amplitudes were calculated by obtaining root
mean square (RMS) of the amplitude for each mfVEP
response over time intervals from 45 to 150 ms. Signal-to-
noise ratios were calculated for each response by dividing
the RMS of the signal window by the average of the 60
RMS values of the noise-only window. Each of these values
was compared to values for normative group subjects [18]
and monocular probability plot were derived. Interocular
amplitude differences for each patient were also calculated
by taking the logarithm of the interocular ratio at each
location [17] and interocular probability plot were derived.
The amplitude probability plot was color-coded with satu-
rated red squares (left eye), saturated blue squares (right
eye), with a difference significant being determined at p<
0.01 and for desaturated colors at p<0.05. Black squares
indicate no significant differences and grey squares indicate
a signal too small to be compared.

Monocular and interocular latencies were measured as
the temporal shift producing the best cross-correlation value
between the corresponding responses of the patient’s eye
and a template based on control eyes (monocular analysis)
or between the corresponding responses from two eyes
(interocular analysis).

To evaluate the mfVEP and HVF total deviation
results, we analyzed cluster defects. A defective cluster
had two or more contiguous points at p<0.01, or three
or more contiguous points at p<(0.05 with at least one
point at p<0.01 [19].

Statistical analysis

SPSS 15 (SPSS Inc, Chicago, IL, USA) was used for statisti-
cal analysis. Differences in proportions were evaluated by
Chi-square test or Fisher’s exact test, as concerns. Kruskal—
Wallis test was used to compare quantitative variables among
three or more groups followed by the Mann—Whitney U test
using the Bonferroni correction for multiple comparisons. The
association between two quantitative variables was evaluated
by Spearman’s correlation coefficient. P values below 0.05 or
below 0.025, when Bonferroni correction was used, were
considered statistically significant.

Results

In Tables 1 and 2 are summarized the systemic character-
istics and sleep study data of the groups. According to the
AHI, all our patients were suffering from severe sleep apnea
syndrome. No significant differences between both groups
were detected on the main clinical systemic and sleep
parameters. The most relevant clinical ophthalmological
and standard automated perimetry (SAP) data are shown in
Table 3. VA was significantly lower in the NTG group
compared to the control group, but not to the non-
glaucoma group (Kruskal-Wallis test, p=0.007). No signif-
icant relative afferent pupillary defects were detected in any
group and there were no significant differences between
groups in regard to the intraocular pressure. Mean deviation
and pattern standard deviation HVF were significantly al-
tered in the eyes of patients with NTG, compared to the non-
glaucoma group eyes (Mann—Whitney U test, p<0.001 and
p=0.001, respectively). On the HVF total deviation analy-
sis, all the NTG eyes showed significant clusters of abnor-
mal points (see Methods section); meanwhile, none was
detected in the non-glaucoma group eyes.

In Table 4, OCT data are summarized. RNFL thickness
measurements (total average and superior quadrant) were
significantly reduced in the NTG eyes than in the control
database and the non-glaucoma eyes (Kruskal-Wallis test,
p=0.001 and p=0.002, respectively). The inferior and nasal
RFNL thickness was significantly reduced in the NTG eyes
compared to the control database (Mann—Whitney U test,
p=0.002 and p=0.017, respectively). Abnormal visual field
defects (cluster points) on the HVF total deviation plot were
significantly associated with reduced average RNFL thick-
ness (Mann—Whitney U test, p<0.001), as well as in the
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Table 1 Systemic data summary

Control group (n=10)  Non-glaucoma Group (n=10)  NTG group (n=10) P* p* Pt P (K-W)
Age (years) 60 (57.7-64.5) 53.5 (46.7-58.2) 66.8 (61-73.2) [0.004] [0.075] [0.002]  0.001
Sex (M/F) 5/5 10/0 4/6 [0.03] [0.5] [0.01] 0.012
BMI 20.95 (19.95-23.05) 33.1 (26-35.27) 31.75 (29.07-35.2) [<0.001]  [<0.001] [0.820] <0.001
Systolic BP 100 (90-11.25) 120 (120-140) 140 (127.5-152.5) [<0.001]  [<0.001] [0.080] <0.001
Diastolic BP  72.5 (63.75-85) 77.5 (70-90) 80 (73.75-85) 0.401
Hematocrit 43.5 (38.5-49.25) 47.35 (44.85-49.93) 44.45 (43.68-45.35) 0.102
PCO, 39.50 (38.75-41) 41.5 (35.75-47.5) 38.8 (37.5-40) 0.344
FEV1 FCV 90 (86.5-92) 79.5 (76.5-82.5) 81.50 (80.25-85.25)  [<0.001]  [0.005] [0.069]  <0.001

All data in median (interquartile range). Kruskal-Wallis (K—W) to test differences between three groups. Mann—Whitney U pair-wise comparison:
control group vs. non-glaucoma group (P*); control group vs. NTG group (P*); non-glaucoma group vs. NTG group (P").

NTG normal-tension glaucoma; M male; F female; BMI body mass index; BP blood pressure; PCO, blood partial pressure of carbon dioxide;
FEVI_FCV relation between forced expiratory volume in 1 s and forced vital capacity

superior and inferior RNFL quadrants (Mann—Whitney
U test, p<0.001) of NTG eyes.

In Table 5, the mfVEP recordings summary is shown.
When the mfVEP amplitude responses were analyzed com-
bining the interocular and monocular probability analysis,
abnormal cluster defects were found in 40% of the eyes in
the non-glaucoma group and in 90% of eyes of the NTG
patients (Fisher’s exact test, p=0.019). MfVEP latency anal-
ysis (interocular and monocular) showed latency delays in
30% of the non-glaucoma group eyes and in 60% of eyes of
the NTG group. In total, 60% of eyes in the non-glaucoma
group and all NTG eyes showed amplitude and/or latency
defects in the mfVEP. We were not able to demonstrate any
significant correlation between the mfVEP amplitude and
latency and the SAP and OCT variables, probably due that
the mfVEP technique was able to detect far more early
visual defects than those being detected by those psycho-
physic and structural diagnostic techniques.

Table 2 Sleep study data summary

An example of mfVEP probability plots, OCT, and
HVF total deviation results of a non-glaucoma patient
are shown in Fig. 1: in the mfVEP temporal hemifield
(monocular latency probability plot) a cluster of abnor-
mal sectors are seen on the left eye correlating well
with a RNFL thinning (OCT). Meanwhile, the HVF
total deviation plot did not show any changes. On the
other side, in Fig. 2, the recordings from a NTG patient
are shown. Here, clusters of abnormal sectors are seen
on both the mfVEP interocular amplitude and the mon-
ocular latency analysis probability plots of the left eye
while the OCT shows a generalized RNFL thinning and
a large scotoma is also depicted in SAP.

Table 6 shows the relationships between the mfVEP
variables and the systemic and sleep data. In the non-
glaucoma group, the mfVEP amplitudes and latencies
were statistically associated to systolic blood pressure
(Mann—Whitney U test, p=0.04), sleep efficiency

Control group (n=10)  Non-glaucoma group (n=10) NTG group (n=10) P* P Pt P (K-W)

Sleep efficiency 94.5 (89.75-97.25) 87 (47-90.75) 74 (60.5-89) [0.007] [0.002] [0.563] 0.002

Arousal index 2 (0.75-3) 35.5 (18-51.25) 49 (27.5-65) [<0.001] [<0.001] [0.336] <0.001
Mean SaO, 98.5 (98-100) 91 (89.75-92.5) 91.5 (88.25-93.25)  [<0.001] [<0.001] [0.939] <0.001
Min SaO, 97 (96.75-98.5) 81 (66.5-87.75) 75.5 (68.25-87.75)  [<0.001] [<0.001] [0.519] <0.001
Time Sa0, <90% 0 (0-0) 5(0.75-24.5) 13 (2.75-44) [<0.001] [<0.001] [0.563] <0.001
ODI 1(0.75-2) 28 (20.75-38) 25 (13-50) [<0.001] [<0.001] [0.902] <0.001
Mixed apneas 0 (0-0) 2 (0-7) 4 (0-72) [0.005] [0.002] [0.334] 0.005

Central apneas 0 (0-0) 0 (0-3.75) 25 (13-50) [0.068] [0.002] [0.125] 0.007

AHI 1.5 (0-2.25) 44.1 (34 -50.55) 43 (29-70) [<0.001] [<0.001] [0.940] <0.001

All data in median (interquartile range). Kruskal-Wallis (K—W) one-way analysis of variance to test differences between three groups. Mann—
Whitney U pair-wise comparison: control group vs. non-glaucoma group (P*); control group vs. NTG group (P*); non-glaucoma group vs. NTG

group (PT).

NTG normal-tension glaucoma; SaO, arterial oxygen saturation; ODI oxyhemoglobin desaturation index; 4HI apnea-hypopnea index
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Table 3 Ophthalmological data summary
Control group Non-glaucoma group NTG group (n=10 eyes)  P* P* Pt P (K-W)
(n=10 eyes) (n=10 eyes)
VA 0.95 (0.87-1.0) 0.8 (0.75-1.0) 0.7 (0.5-0.8) [0.197]  [0.003] [0.048] 0.007
IOP (mmHg) 14.5 (12.7-16) 18 (14-22) 17 (13.5-20.5) 0.086
HVF MD (dB)  -1.1(-1.37t00.94) -1.13 (-1.69 to —0.86)  —5.95 (-26.66 to —3.12) [0.7] [<0.001]  [<0.001]  <0.001
HVF PSD (dB)  1.98 (1.73-2.42) 1.73 (1.58-2.22) 7.30 (1.99-9.17) [0.2] [0.002] [0.001] 0.001

All data in median (interquartile range). Kruskal-Wallis (K—W) one-way analysis of variance to test differences between three groups. Mann—
Whitney U pair-wise comparison: control group vs. non-glaucoma group (P*); control group vs. NTG group (P#); non-glaucoma group vs. NTG

group (P1).

NTG normal-tension glaucoma; V4 visual acuity; /OP intraocular pressure; HVF Humphrey visual field; MD mean deviation; PSD pattern standard

deviation

(Mann—Whitney U test, p=0.025), mean SaO, (Mann—
Whitney U test, p=0.027), time Sa0,<90% (Mann—
Whitney U test, p=0.039), and the number of mixed
apneas (Mann—Whitney U test, p=0.034). On the other
side, in the NTG group, there were significant associa-
tions with a larger number of systemic/ sleep variables
(see table) and both, mfVEP amplitudes and latencies,
were significantly associated with AHI (Mann—Whitney
U test, p=0.001 and p=0.037, respectively).

Additionally, in the non-glaucoma group, statistical
correlations were found between the average RNFL
thickness (OCT) and both the sleep efficiency (Spear-
man »=0.766, p=0.027) and the mean SaO, (Spearman
r=0.683, p=0.03). Meanwhile, in the NTG group, the
average RNFL thickness statistically correlated with
most systemic/sleep data, especially the body mass in-
dex (Spearman r=-0.503, p=0.005), systolic blood pres-
sure (Spearman r=-0.592, p=0.001), AHI (Spearman
r=-0.638, p<0.001), arousal index (Spearman r=—
0.498, p=0.008), sleep efficiency (Spearman r=0.634,
»<0.001), mean SaO, (Spearman r=0.646, p<0.001),
time Sa0,<90% (Spearman r=-0.564, p=0.002), num-
ber of mixed apneas (Spearman r=-0.436, p=0.016)
and central apneas (Spearman r=-0.518, p=0.003).

Table 4 OCT data summary

Discussion

To our knowledge, this is the first study looking at the optic
nerve function in patients with sleep apnea with or without
NTG by means of the mfVEP. Our results suggested that
sleep disturbances may compromise the normal function of
the retinal ganglion cells, due probably to the recurrent
episodes of reduction in SaO, and vascular dysregulation
present in this condition.

Sixty percent of the eyes in the non-glaucoma group and
100% of eyes in the NTG group demonstrated significant
changes in the mfVEPs, suggesting a significant incidence
of subclinical optic nerve involvement, not detected with
other structural and psychophysics diagnostic techniques. In
this sense, several studies have reported that the mfVEP can
detect visual field changes not seen with the SAP in differ-
ent optic nerve pathologies [20-24]. When the interocular
and monocular analyses were combined, mfVEP amplitude
defects were shown to be present in 40% and 90% of the
eyes in the non-glaucoma group and NTG patients group,
respectively. Delayed mfVEP latencies were seen in 30%
and 60% of the eyes of the non-glaucoma and NTG groups,
respectively. It was interesting to point out that the latency
delays seen in all these patients were in the same range as

Control database non-glaucoma Group NTG Group P* P* Pt P (K-W)
(n=10 eyes) (n=10 eyes)
Average RNFL Thick (um) 103.5 (98.37-108.93)  98.37 (87.56-101.5)  79.12 (60-87.62) [0.034] [0.001] [0.013] 0.001
Temporal RNFL Thick (um)  73.5 (66.25-85.25) 68.5 (56.5-78.25) 59.5 (49.25-82) 0.238
Superior RNFL Thick (um)  130.5 (113.25-140.5) 120 (102.75-130) 103.5 (83.75-105.5)  [0.173] [0.001] [0.017] 0.002
Nasal RNFL Thick (pum) 86 (75.5-92.5) 74 (71.75-85.5) 58 (22.25-85.75) [0.161] [0.017] [0.069] 0.027
Inferior RNFL Thick (um) 127.5 (119-131.25) 117 (100.5-130.5) 89 (76.5-109.25) [0.324] [0.002] [0.026] 0.006

All data in median (interquartile range). Kruskal-Wallis one-way analysis of variance to test differences between three groups. Mann—Whitney U
pair-wise comparison: control group vs. non-glaucoma group (P*); control group vs. NTG group (P*); non-glaucoma group vs. NTG group (P").

OCT optical coherence tomography; RNFL retinal nerve fibber layer; Thick thickness
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Table 5 M{PEV amplitude and latency analysis

Non-glaucoma group NTG group (n=10 eyes)

(n=10 eyes)
Amplitude (interocular and monocular analysis) 4 (40%) 9 (90%)*
Latency (interocular and monocular analysis) 3 (30%) 6 (60%)

Data in percentages. Chi-square test or Fisher’s exact test, non-glaucoma group vs. NTG group ~p < 0.05

MfVEP multifocal visual evoked potentials; N7G normal-tension glaucoma

those described in eyes with AION. Eyes with AION had
median monocular and interocular latencies of 2.2 and
2.1 ms; meanwhile in glaucoma eyes, latencies are shown
to be in a normal range, with average monocular and inter-
ocular latencies of 3.1 and 1.3 ms, respectively [25].
MI{VERP is an effective technique for objective assessment
of the visual field in glaucoma and other optic nerve dis-
eases [15, 20-22, 26, 27]. Although most studies have
demonstrated close agreement between mfVEP and SAP, it
has been shown that mfVEP abnormalities may appear in
regions of the visual field that have normal sensitivity on
SAP [15, 19, 23], and in glaucoma suspect eyes with com-
pletely normal SAP visual fields [20-24]. In this sense, it
has been considered that such mfVEP defects may represent
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Fig. 1 Multifocal visual evoked potentials (mfVEP) probability plots,
optical coherence tomography (OCT) and Humphrey visual field
(HVF) total deviation from a non-glaucoma sleep apnea patient. Clus-
ters of abnormal sectors are seen in the temporal hemifield of the
mfVEP monocular latency probability plot (left eye, LE). The OCT
thickness map shows a retinal nerve fibber layer thinning in the
temporal quadrant of the same eye, meanwhile the HVF total deviation
plot is normal
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greater sensitivity of the mfVEP to detect early functional
loss.

In the NTG group, systolic blood pressure, sleep efficien-
cy, arousal index, mean and minimum SaQ,, time Sa0,<
90%, ODI and AHI were shown to be significantly corre-
lated with the mfVEP amplitude and latency changes and,
the body mass index, the number of mixed and central
apneas and FEV1 FCV had a significant association with
either the amplitude or the latencies. On the other side, in the
non-glaucoma group, significant associations were present
between the mfVEP amplitude and the systolic blood

Interocular amplitude
probability plot

Monocular latency
probability plot LE

HVF LE
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Fig. 2 Multifocal visual evoked potentials (mfVEP) probability plots,
optical coherence tomography (OCT), and Humphrey visual field
(HVF) total deviation plots from a normal-tension glaucoma sleep
apnea patient. In the mfVEP, abnormal clusters are shown on both
the interocular amplitude analysis probability plot and the monocular
latency analysis probability plot from the left eye (LE). The OCT
showed a thinning of retinal nerve fibber layer in the superior, nasal,
and inferior quadrants of the left eye and the HVF total deviation plot
shows a significant scotoma
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Table 6 Relationships between the mfVEP amplitude/latency and the systemic or sleep findings in patients with OSAS

Amplitude mfVEP (uV) Latency mfVEP (ms)

Non-glaucoma group NTG group Non-glaucoma group NTG group

Mean difference P Mean difference P Mean difference P Mean difference P

(normal—-abnormal) (normal—-abnormal) (normal—-abnormal) (normal—-abnormal)
BMI -3.4 0.748 —6.7 0.002 2.9 0.568 4.7 0.267
Systolic BP 154 0.040 -22.8 0.007 5.3 0.464 -5 0.010
Diastolic BP 1.2 0912 -6.7 0270 -0.7 0.813 -1.7 0.582
Hematocrit —0.8 0915 -0.3 0.9 3.5 0.137 -1.9 0.540
PCO, -10.5 0.064 2.8 0.653 45 0.643 3.4 0.953
FEVI FCV 0.8 0.830 -1.9 0.121 3.8 0.206 2.6 0.029
Sleep 28.8 0.505 17.7 0.006 46.6 0.025 -19.7 0.017

efficiency
Arousal index -18.3 0.182 4.6 0.002 -16.9 0.180 —-14.2 0.002
Mean SaO, 5.9 0.027 5.4 <0.001 -2.4 0.723 4 0.013
Min SaO, 14 0.054 18.2 <0.001 -9.2 0.360 13.6 0.033
Time Sa0,<  -27.7 0.221 -25.7 <0.001 26.9 0.039 -12 0.033
90%

ODI -11.5 0.520 -24.3 0.001 7 0.491 4.9 0.062
Mixed apneas 5.3 0.440 -33.7 0.014 7.4 0.034 45.8 0.920
Central apneas 4 0.600 —18.9 0.008 4.6 0.207 30.5 0.647
AHI -5.5 1.000 -22.3 0.001 -3.8 0.425 5.7 0.037

P Mann—Whitney U test

MfVEP multifocal visual evoked potentials; OSAS obstructive sleep apnea syndrome; NTG normal-tension glaucoma; BMI body mass index; BP
blood pressure; PCO, partial pressure of carbon dioxide; FEVI FCV relation between forced expiratory volume in 1 second and forced vital
capacity; SaO, arterial oxygen saturation; ODI oxyhemoglobin desaturation index; 4HI apnea-hypopnea index

pressure and mean SaO, and between the mfVEP latency
and sleep efficiency, time Sa0,<90%, and number of mixed
apneas. These mfVEP changes seen in non-glaucoma
patients and the significant correlations found between the
mfVEP and the systemic and sleep study data point to the
presence of significant alterations in the perfusion pressure
of the optic nerve in this condition. In this regard, it has been
described that recurrent hypoxia during apnea may trigger
either a direct anoxic damage, or an indirect effect on the
optic nerve head blood flow [28]. Additionally, other studies
have shown overnight repetitive hypoxemia and reoxygena-
tion in these patients [29, 30]. All these clinical observations
are supported by significant high serum inflammatory cyto-
kine levels in these patients [31], a higher level of oxidative
stress indicators [32], and adhesion factors, such the inter-
cellular adhesion molecule 1 and vascular cell adhesion
molecule [33]. All these studies point out that vascular
dysregulation of the optic nerve combined with nocturnal
systemic hypotension may trigger ganglion cell stress and
neuronal death.

Preliminary studies have shown a significant reduction of
the RNFL thickness in sleep apnea patients, correlating the
RNFL thickness changes to OSAS severity, suggesting that

the decreased ocular perfusion secondary to hypoxia and
vasospasm may lead to RNFL thinning, which may precede
clinically detectable glaucoma [34, 35]. Our results showed
a significant loss of RNFL thickness in the eyes of sleep
apnea patients, suggesting an early loss of ganglion cell
axons, data that support the findings of the mfVEP. An
important question in future studies is to elucidate if we
are talking about two different stages or clinical manifesta-
tions of a similar etiopathogenic optic nerve disease in
patients with OSAS.

A major limitation of this first study was a relatively
small sample size of the evaluated patients and lack of
longitudinal follow-up. Males also predominated in our
study group, probably due to the fact that OSAS is much
more common among males than females. Further studies
for age-matched and gender-matched subgroups with differ-
ent severities of sleep apnea may be needed and the presence
and progression of NTG should be investigated particularly
in the long-term follow-up by means of the mfVEP and
other structural diagnostic techniques.
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