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Abstract

In accordance with the trans-lamina cribrosa pressure difference theory, decreasing the trans-lamina cribrosa pressure difference can re-
lieve glaucomatous optic neuropathy. Increased intracranial pressure can also reduce optic nerve damage in glaucoma patients, and a safe,
effective and noninvasive way to achieve this is by increasing the intra-abdominal pressure. The purpose of this study was to observe the
changes in orbital subarachnoid space width and intraocular pressure at elevated intra-abdominal pressure. An inflatable abdominal belt
was tied to each of 15 healthy volunteers, aged 22-30 years (12 females and 3 males), at the navel level, without applying pressure to the
abdomen, before they laid in the magnetic resonance imaging machine. The baseline orbital subarachnoid space width around the optic
nerve was measured by magnetic resonance imaging at 1, 3, 9, and 15 mm behind the globe. The abdominal belt was inflated to increase
the pressure to 40 mmHg (1 mmHg = 0.133 kPa), then the orbital subarachnoid space width was measured every 10 minutes for 2 hours.
After removal of the pressure, the measurement was repeated 10 and 20 minutes later. In a separate trial, the intraocular pressure was
measured for all the subjects at the same time points, before, during and after elevated intra-abdominal pressure. Results showed that the
baseline mean orbital subarachnoid space width was 0.88 + 0.1 mm (range: 0.77-1.05 mm), 0.77 £ 0.11 mm (range: 0.60-0.94 mm), 0.70 +
0.08 mm (range: 0.62—0.80 mm), and 0.68 + 0.08 mm (range: 0.57-0.77 mm) at 1, 3, 9, and 15 mm behind the globe, respectively. During
the elevated intra-abdominal pressure, the orbital subarachnoid space width increased from the baseline and dilation of the optic nerve
sheath was significant at 1, 3 and 9 mm behind the globe. After decompression of the abdominal pressure, the orbital subarachnoid space
width normalized and returned to the baseline value. There was no significant difference in the intraocular pressure before, during and after
the intra-abdominal pressure elevation. These results verified that the increased intra-abdominal pressure widens the orbital subarachnoid
space in this acute trial, but does not alter the intraocular pressure, indicating that intraocular pressure is not affected by rapid increased in-
tra-abdominal pressure. This study was registered in the Chinese Clinical Trial Registry (registration number: ChiCTR-ONRC-14004947).

Key Words: nerve regeneration; intraocular pressure; intra-abdominal pressure; intracranial pressure; trans-lamina cribrosa pressure difference;
orbital subarachnoid space width; magnetic resonance imaging; optic nerve sheath; glaucoma; cerebrospinal fluid pressure; subarachnoid space;
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disease (Tham et al., 2014; Carreras, 2016). However, it has
been recognized that the relationship between cerebrospi-
nal fluid pressure and intraocular pressure (IOP) plays an

Introduction
Glaucoma is characterized by retinal ganglion cell degenera-
tion, alterations in optic nerve head topography and associ-

ated visual field loss. As a leading cause of global irreversible
blindness, glaucoma is considered to be a multifactorial

important role in the progression of glaucomatous optic
neuropathy (Jonas et al., 2011; Hou et al,, 2016; Zhang et al.,
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2016).

The difference between IOP and cerebrospinal fluid pres-
sure has been defined as the trans-lamina cribrosa pressure
difference (Morgan et al., 1995; Berdahl et al., 2008a,b; Ren et
al., 2011). The lamina cribrosa of the optic nerve head is the
pressure watershed between the intraocular compartment and
the retrolaminar compartment together with the cerebrospi-
nal fluid space (Park et al., 2015). Previous studies considered
that a high trans-lamina cribrosa pressure difference may be
more important for the development of glaucomatous optic
neuropathy than IOP (Berdahl et al., 2008a, b; Killer et al.,
2012; Wang et al., 2012). The conventional treatment of glau-
coma has been to reduce the IOP. If we accept the trans-lami-
na cribrosa pressure difference theory, another way to relieve
glaucomatous neuropathy might be to elevate the cerebrospi-
nal fluid pressure. Elevating intracranial pressure (ICP) with
a non-invasive method in a clinic is not feasible. However, it
is well known that rapid changes in intra-abdominal pressure
(IAP) may cause a corresponding variation in cerebrospinal
fluid pressure (Leon et al., 1994; Vear-Brozovic et al., 2008;
Zander et al., 2009; Kamine et al., 2014). As the cerebrospinal
fluid around the optic nerve is continuous with the central
nervous system, a higher cerebrospinal fluid pressure could
give rise to a dilation of the optic nerve sheath (Fichtner et al.,
2016). Many previous studies have suggested that the orbital
subarachnoid space (OSAS) is strongly correlated with cere-
brospinal fluid pressure (Cennamo et al., 1987; Gangemi et al.,
1987; Tamburelli et al., 1993; Dubourg et al.,, 2011). Recently,
magnetic resonance imaging (MRI) and ultrasound have de-
tected and been used to measure the expansion of the OSAS
(Shirodkar et al., 2015; Garcia-Armengol et al., 2016; Xu et
al., 2016). Lagreze et al. (2007) pointed out that MRI provides
more precise measurements than ultrasound. The noninvasive
MRI measurement of the OSAS has been used to provide sur-
rogate markers for early elevated cerebrospinal fluid pressure
(Kimberly and Noble, 2008; Rohr et al., 2010; Xie et al., 2013).
The cerebrospinal fluid in the OSAS around the optic nerve
can be differentiated from the surrounding fat tissue and ap-
pears as round high-intensity circles on the coronal images
by T2-weighted imaging (Lam et al., 1997; Seitz et al., 2002;
Shinoda et al., 2017). The dilation of the OSAS, caused by the
increased ICP, can be estimated by measuring the orbital sub-
arachnoid space width (OSASW) (Gass et al., 1996; Imamura
et al., 1996; Brodsky and Vaphiades, 1998). The short-term
change of the OSAS resulting from the increased cerebrospi-
nal fluid pressure has been proven. However, the relationship
between OSAS and cerebrospinal fluid pressure increased by
elevated IAP remains to be investigated in terms of absolute
changes, reversibility, time course and response linearity.

Therefore, to determine the variation of the OSAS in early el-
evated cerebrospinal fluid pressure, we measured OSASW with
MRI to observe the changes before and after increasing IAP.

Participants and Methods

Participants

A total of 15 healthy volunteers (age 22—30 years, mean:
24.25 years; 12 women, 3 men; student volunteers from
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medical school) were recruited at State Key Laboratory of
Brain and Cognitive Science, Institute of Biophysics, Chi-
nese Academy of Sciences, China in July 2015. An informed
consent was signed by each subject. This study was regis-
tered in the Chinese Clinical Trial Registry (registration
number: ChiCTR-ONRC-14004947).

Participants with one or more of the following conditions
were excluded from this study:

(1) IOP > 21 mmHg, visual acuity < 1.0

(2) History of ocular or intracranial tumors

(3) History of orbital disease, cranial surgery or traumatic
brain injury

(4) Previous lumbar puncture within 1 month

(5) Any other problems that disallowed complete MRI
examination.

Attentions

All 15 subjects underwent the MRI examination in a standard-
ized manner in a supine position at 9:00 hours. The right eyes
of the subjects were examined. The subjects were required to
keep their head and body completely still during the whole
experiment. All subjects were instructed to stare at a cursor on
the MRI machine during the entire experiment. The sequence
of measurements was repeated if any motion artifact appeared.

MRI measurement

High-resolution MRI was performed on a 3.0 T scanner
(Trio TIM, Siemens, Erlangen, Germany) using a home-
made 30-channel phased array coil. A Fast Spin-Echo (FSE)
sequence was scanned at an axial direction to get the visual
fiber angle. The oblique sagittal FSE sequence was acquired
along the visual fiber. Oblique axial FSE sequence was
scanned along the visual fiber in the oblique sagittal image.
The oblique coronal direction was perpendicular to both
the sagittal and axial directions. Fat-saturated Half Fourier
Acquisition Single-Shot Turbo Spin-Echo T2-weighted MR
images of the orbit were obtained with repetition time/echo
time 3,550/122 ms, flip angle 180°, slice thickness 3 mm,
matrix 618 x 1,024, field of view 159 mm x 200 mm (in-
plane resolution 0.195 mm x 0.195 mm). The high white
signal was the cerebrospinal fluid, while the dark signal was
the optic nerve parenchyma (Figure 1). We measured four
positions at 1, 3, 9 and 15 mm behind the globe.

Experimental procedure

The inflatable abdominal belt was tied to the subjects at the
navel level without any pressure to the abdomen before they
lay in the MRI machine. A mercury pressure gauge was con-
nected to the abdominal belt by a 5-meter long plastic tube
and placed outside the MRI room. Initially, all the subjects
lay in the MRI machine in a supine position with their heads
stabilized by a fixed pillow for 5 minutes. The baseline imag-
es of the OSAS were taken at the four locations mentioned
above. To guarantee the stability of the baseline, we repeated
each measurement and took the average. The abdominal belt
was inflated to exert 40 mmHg pressure (1 mmHg = 0.133
kPa) on the abdomen (which is as high an TAP that a normal
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Figure 1 Oblique coronal image with fat
suppression demonstrates the optic nerve/
sheath complex taken at 3 mm behind the
globe perpendicular to the optic nerve axis
in a 23-year-old female.

(A1) Baseline; (A2) 60 minutes after intra-ab-
dominal pressure increased; (A3) 20 minutes
after decompression.

Hypothesis: Elevating intra-

Basis: Trans-lamina cribrosa
difference theory.

abdominal pressure enlarges
the OSAS, and lessens the
trans-lamina cribrosa

Involved
15 subjects.

pressure difference.

Measured the OSAS with
magnetic resonance imaging |emmd
as the baseline.

Increased the intra-
abdominal pressure and
measured the OSAS every
10 minutes.

Decreased the IAP and
repeated the measurement
twice every 10 minutes.

Intra-abdominal pressure
increasing trial was

conducted again to measure
the intra-ocular pressure
change.

Figure 2 Trial flow chart.
OSAS: Orbital subarachnoid space; IAP: intra-abdominal pressure.

person can withstand during an acute test such that they can
feel their abdominal aorta beating). After the images were
taken at all 4 locations, at 10 minutes intervals for 2 hours,
the pressure was released by deflating the air. The MRI mea-
surements of the OSAS were then repeated 10 and 20 min-
utes after deflation. All the subjects did the IAP elevated trial
again outside the MRI machine. Intraocular pressures were
measured on the right eyes at the same time points (every 10
minutes during the 2 hours abdominal compression and 10
and 20 minutes after decompression) (Figure 2).

Data collection

Three clinicians, blinded to the conditions, measured the im-
ages using the image J software (National Institutes of Health,
Bethesda, MD, USA). The average between the optic nerve
diameter (OND) and the optic nerve sheath diameter (ONSD)
equals the mean of the horizontal and vertical diameters. The
OSASW (OSASW = ONSD/2 - OND/2) equals half of the
optic nerve sheath diameter minus half of the optic nerve di-
ameter (Lam et al., 1997). Observer 1 performed the analysis
3 months later again to assess the intraobserver repeatability.

Finally, 12 subjects were

involved in the statistical
analysis.

Outcome measures
The primary outcome measure was OSASW. The secondary
outcome measure was IOP.

Statistical analysis

All data are expressed as the mean + SD and were analyzed
using SPSS 17.0 software (IBM-SPSS, Chicago, IL, USA). A
paired sample t-test was used to assess significant differences
of the mean OSASW changes at each time point before and
after elevated IAP. The inter- and intra-observer repeatabil-
ity of the optic nerve/sheath baseline measurements was
tested with analysis variance and intraclass correlation coef-
ficient. The changes of IOP before and after the IAP were el-
evated were assessed using the one-way analysis of variance
and least significant difference test. A value of P < 0.05 was
2-sided and considered statistically significant.

Results

Quantitative analysis of participants

Three of the subjects were excluded as clear MRI images
were not obtained from them. The remaining twelve volun-
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Table 3 Orbital subarachnoid space width before, during and after elevated intra-abdominal pressure

Measurement position

1 mm behind the globe 3 mm behind the globe =~ 9 mm behind the globe 15 mm behind the globe
Baseline 0.88+0.10 0.77+0.11 0.70+0.08 0.68+0.08
Compression 10 min 0.86+0.10 0.77+0.07 0.74+0.06 0.68+0.06
20 min 0.94+0.16 0.85+0.09 0.76+0.10 0.69+0.06
30 min 0.97+0.25 0.83+0.12 0.78+0.07 0.72+0.05
40 min 0.98+0.20 0.78+0.11 0.73+0.07 0.70+0.05
50 min 0.98+0.14 0.80+0.12 0.72+0.07 0.67+0.05
60 min 0.95+0.15 0.82+0.10 0.71+0.05 0.70+0.04
70 min 0.94+0.16 0.80+0.11 0.80+0.08 0.74+0.05
80 min 0.96+0.16 0.79+0.09 0.71+0.09 0.70+0.05
90 min 0.96+0.12 0.79+0.09 0.74+0.07 0.68+0.07
100 min ~ 0.92+0.13 0.80+0.10 0.74+0.11 0.68+0.11
110 min ~ 0.89+0.13 0.78+0.11 0.77+0.10 0.70+0.09
120 min ~ 0.94+0.21 0.80+0.17 0.76x0.11 0.69+0.07
Decompression 10 min 0.88+0.15 0.78+0.07 0.72+0.04 0.70+0.07
20 min 0.90+0.17 0.72+0.12 0.70+0.11 0.68+0.04

Data are expressed as the mean + SD. The results take the mean value of all subjects by three observers. min: Minutes.

Table 1 Basic information of all the subjects involved

Table 2 Baseline measurements of optic nerve and sheath diameters

Subject Age (years) Sex Height (m) Weight (kg) Body mass index

1 23 Female 1.60 52 20.31
2 22 Female 1.65 52 19.10
3 29 Male 1.78 75 23.67
4 24 Female 1.60 55 21.48
5 27 Female 1.60 50 19.53
6 23 Female 1.58 62 24.84
7 23 Female 1.65 55 20.20
8 23 Female 1.72 60 20.28
9 22 Female 1.58 50 20.03
10 22 Female 1.55 43 17.9
11 30 Male 1.58 50 20.03
12 23 Female 1.58 45 18.03

teers were included in the final analysis. The basic informa-
tion of all the subjects involved is presented in Table 1.

Subject baseline analysis

The MRI images of the OSASW taken at 1 and 3 mm behind
the globe could be evaluated for all patients. Due to image
quality problems and individual differences, the MRI images
of the OSASW taken at 9 mm behind the globe could not
be evaluated for 1 (8%) patient. Similarly, those taken at 15
mm behind the globe could not be evaluated for 2 (17%) pa-
tients. Including all subjects, the mean value of the baseline
data (optic nerve diameter, optic nerve sheath diameter, and
OSASW) is presented in Table 2.

OSASW change

Clear changes of the mean OSASW were recorded during
the increased IAP (Table 3). In the baseline state, the
OSASW narrowed along the optic nerve from just behind
the globe to 15 mm away. OSASW at elevated IAP was wid-
er than baseline. Statistically significant OSAS dilation (P <
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Optic nerve Opticnerve  Orbital
diameter  sheath subarachnoid
(mm) diameter (mm) space width (mm)
1 mm behind the globe 3.49+0.32  5.29+0.37 0.88+0.1
3 mm behind the globe 3.32+0.33  4.85+0.33 0.7740.11
9 mm behind the globe 3.24+0.28  4.64+0.30 0.70+0.08
15 mm behind the globe 3.03+0.17  4.40+0.26 0.68+0.08

Data are expressed as the mean + SD from 12 patients.

0.05) was found at 1, 3 and 9 mm behind the globe (Table
4), illustrating OSAS sensitivity to the increased IAP. This
dilation was especially observed at 9 mm behind the globe
where 5 time points showed that the OSASW was statisti-
cally significantly enlarged. In one example (Subject No. 9,
Female, 23 years), the OSASW at 9 mm behind the globe en-
larged by 0.21 mm (from 0.67 to 0.88 mm) after 70 minutes
of elevated IAP. The variations of the OSASW induced by el-
evated IAP demonstrated obvious fluctuations over the time
of IAP. After decompression of the abdominal pressure, the
OSASW normalized and returned to the baseline value.

Inter- and intra-observer repeatability

The analysis of variance and the intraclass correlation coef-
ficient were performed to reveal the reproducibility on the
intra-observer and inter-observer of the optic nerve/sheath
baseline measurements (Table 5). The data suggested that
there was no significant difference on intra- and inter-ob-
server (P > 0.05).

IOP change

Least significant difference multiple comparison and one-
way analysis of variance were constructed to assess the
changes of IOP between baseline and IAP compression
states (Table 6). Compared to the baseline IOP, there was no
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Table 4 P value from paired sample ¢ test of the orbital subarachnoid space width changes before, during and after the elevated

intra-abdominal pressure

Measurement position

1 mm behind the globe® 3 mm behind the globe® 9 mm behind the globe* 15 mm behind the globe"
Compression 10 min 0.424 0.899 0.154 0.998
20 min 0.072 0.009 0.017 0.918
30 min 0.210 0.293 0.005 0.238
40 min 0.068 0.653 0.156 0.648
50 min 0.031 0.480 0.554 0.634
60 min 0.085 0.181 0.807 0.762
70 min 0.079 0.394 0.035 0.070
80 min 0.063 0.537 0.740 0.648
90 min 0.004 0.484 0.006 0.934
10 min 0.130 0.516 0.108 0.988
110 min  0.534 0.678 0.039 0.109
120min ~ 0.271 0.590 0.083 0.591
Decompression 10 min 0.495 0.743 0.697 0.396
20 min 0.256 0.056 0.098 0.940

*P value from paired sample t test. The mean value was compared with the mean baseline for all participants. The statistically significant orbital
subarachnoid space dilation was found at 1, 3 and 9 mm behind the globe (P < 0.05). Especially in 9 mm behind the globe, 5 time points showed
that orbital subarachnoid space statistically significantly enlarged after intra-abdominal pressure elevated. min: Minutes.

Table 5 Inter-observer and intra-observer repeatability of the optic
nerve/sheath baseline measurements

Inter-observer” Intra-observer'

Analysis of Analysis of
variance-P* ICC variance-P ICC
Optic nerve sheath diameter
1 mm behind the globe 0.616 0.851  0.949 0.833
3 mm behind the globe 0.767 0.879  0.260 0.938
9 mm behind the globe 0.536 0.908  0.226 0.839
15 mm behind the globe 0.643 0.879  0.602 0.924
Optic nerve diameter
1 mm behind the globe 1 0.885  0.383 0.858
3 mm behind the globe 0.132 0.932  0.376 0.772
9 mm behind the globe 0.610 0.881  0.765 0.568
15 mm behind the globe 0.780 0.876  0.262 0.889

#Based on the 1%, 2™ and 3" observer. {Based on the 1% and 2™
measurements of the 1" observer. *P value of one-way analysis of
variance (P > 0.05). ICC: Intraclass correlation coefficient; min: minutes.

significant difference in the IOP after the IAP was increased
(P>0.05, F=0.22).

Discussion

The recognition that the trans-lamina cribrosa pressure
difference plays an important role in the progression of the
glaucomatous optic neuropathy has been known for many
years (Wang et al., 2013). Scientists are making great efforts
to search for a new clinical treatment centered on this theory.
Simultaneously, it has been shown that a significant positive
relationship has been found between optic nerve sheath diam-
eter (ONSD), measured by MRI, and ICP (r =0.71) (Geeraerts
et al., 2008). Our study demonstrates the in vivo response of
the OSASW to alterations in IAP pressure. Enlargements of
the OSAS, especially at 3 mm and 9 mm behind the globe,

Table 6 Intra-ocular pressure change before and after elevated IAP

Mean + SD Pvalue
Baseline 15.29+3.25
Compression 10 min 13.71£3.09 0.37
20 min 15.00+3.42 0.87
30 min 13.86+3.24 0.41
40 min 14.71+2.69 0.74
50 min 14.29+3.15 0.57
60 min 14.29+3.73 0.57
70 min 15.29+3.04 1.00
80 min 15.57+3.10 0.87
90 min 14.43+3.51 0.62
100 min 14.57+2.99 0.68
110 min 13.86+3.18 0.41
120 min 14.57+3.14 0.68
Decompression 10 min 14.86+3.48 0.81
20 min 13.86+3.34 0.41

There was no significant difference on the intra-ocular pressure after
the intra-abdominal pressure was increased (n = 12, P > 0.05, F = 0.22;
one-way analysis of variance and the least significant difference test);
min: Minutes.

were clearly detected by 3.0 T MRI. The maximum dilation
of the ONSD was 31.4% compared with the baseline. The ob-
vious fluctuation of the dilations was also observed over the
time of IAP. The OSASW returned to the baseline value after
releasing the IAP. The IOP of the same eye did not show any
corresponding change while the IAP changed.

As a part of the central nervous system, the optic nerve
is encircled by cerebrospinal fluid that flows in a meninge-
al sheath (Hayreh, 1964; Lemmens et al., 2016). This optic
nerve sheath is anatomically continuous with the dura mater
(Geeraerts et al., 2008). The connection between the optic
nerve sheath and subarachnoid space allows the increased
intracranial pressure (ICP) to pass through the optic nerve
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sheath and alter its diameter (Hayreh, 1964). Le et al. (2009)
found that increased ICP impels the inflow of cerebrospinal
fluid into the OSAS to increase the ONSD, whereas cerebro-
spinal fluid hypotension reduced the ONSD by reducing the
inflow. The relationship between ONSD and ICP has been
confirmed by several studies (Hansen and Helmke, 1997;
Kimberly and Noble, 2008; Xie et al., 2013). Others (Wata-
nabe et al., 2008a,b; Rohr et al.,, 2010) clarified a positive
linear relation between optic nerve sheath diameter and ICP.
Watanabe et al. (2008) confirmed the widening of the OSAS
measured by MRI after successful treatment of spontaneous
intracranial hypotension. Our trial, for the first time, showed
obvious changes of OSASW measured by MRI while the AP
elevated.

The phenomenon that elevated IAP leads to corresponding
changes in ICP has been demonstrated for many years. How-
ever, earlier reports did not reach a definite conclusion on the
mechanism. Josephs et al. (1994) indicated that pneumoperi-
toneum increased ICP, which can be explained by the modi-
fied Monroe-Kellie doctrine. He declared that the intracranial
contents can be divided into four compartments: vascular,
cerebrospinal fluid, osseous, and parenchymal. A natural
pressure buffering system used in this study can maintain a
stable ICP in most situations. However, rapid changes in one
or more compartments lead to the inadequate compensation
of the remaining parts and the ICP rises. Beigel et al. (2013)
pointed out that elevated intracranial pressure was due to re-
striction of outflow from the lumbar venous plexus in an ab-
dominal compression test. Porth et al. (1984) considered that
the increase in intrathoracic pressure caused the decreased ve-
nous return and elevation in the peripheral venous pressure,
thereby affecting the ICP. Although the conclusions have not
been unified, the relationship between IAP and ICP has been
determined. Some studies (Hansen et al., 1996; Helmke et al.,
1996a, b) demonstrated that the ONSD increased by up to
60% at a distance of 3 mm behind the globe compared with
only 35% at 10 mm. Newman et al. (2002) chose the position
3 mm behind the globe for ultrasound measurement, because
they considered that was where the ultrasound contrast was
greatest, the results were more reproducible, and the anterior
nerve was anatomically most distensible. Liu and Kahn (1993)
noted that the bulbous part of the optic nerve protruded and
inflated along with the ICP increase in cadavers in vivo but
the remaining nerve showed no obvious change. An study
(Hansen and Helmke, 1997) confirmed their findings with in-
trathecal infusion tests. Our results also verified that the dila-
tation of the optic nerve sheath diameter induced by elevated
ICP was significant at positions 3 mm and 9 mm behind the
globe.

The results of the present study are encouraging. Cases
in which dilatation of the optic nerve sheath was caused by
increased IAP were identified. The elevated IAP possibly
increased the ICP and thus led to expansion of the optic
nerve sheath, however, the mechanism requires further
investigation. In the light of the trans-lamina cribrosa pres-
sure difference theory, reducing the trans-lamina cribrosa
pressure difference to a healthy range may be a new way to
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relieve the glaucomatous optic neuropathy. From our exper-
imental results, increasing the IAP may become a noninva-
sive way to expand the OSAS and to moderate the abnormal
trans-lamina cribrosa pressure difference. Nevertheless, our
study could not clarify whether a long-term recovery of the
optic nerve sheath diameter is possible or whether any per-
manent surplus expansion remains. Further investigations
are required to monitor the course of the optic nerve sheath
diameter increase or decrease over a long time (maybe 24
hours or 1 month). In this study, the changes of OSASW
were observed before and after the intra-abdominal pressure
increase in each subject. Due to the limited space, this sec-
tion of data is not shown.

OSASW is positively correlated with an increased IAP in
an acute trial based on MRI measurements. The variations of
the OSASW induced by elevated IAP demonstrate obvious
fluctuations over the period of IAP. The IOP did not show
correspondingly increase on the same eye. These findings
could open the possibility of a potential treatment that ele-
vates IAP, to enlarge the OSAS, and lessens the trans-lamina
cribrosa pressure difference.
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