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Abstract

Purpose 1. Identify differences in optic nerve sheath diam-
eter (ONSD) as an indirect measure of intracranial pressure
(ICP) in glaucoma patients and a healthy population. 2.
Identify variables that may correlate with ONSD in primary
open-angle glaucoma (POAG) and normal tension glaucoma
(NTG) patients.

Methods Patients with NTG (n=46) and POAG (n=61),
and healthy controls (n=42) underwent B-scan ultrasound
measurement of ONSD by an observer masked to the patient
diagnosis. Intraocular pressure (IOP) was measured in all
groups, with additional central corneal thickness (CCT) and
visual field defect measurements in glaucomatous patients.
Only one eye per patient was selected. Kruskal-Wallis or
Mann—Whitney were used to compare the different variables
between the diagnostic groups. Spearman correlations were
used to explore relationships among these variables.
Results ONSD was not significantly different between
healthy, NTG and POAG patients (6.09+0.78, 6.03+£0.69,
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and 5.71+0.83 respectively; p=0.08). Visual field damage
and CCT were not correlated with ONSD in either of the
glaucoma groups (POAG, p=0.31 and 0.44; NTG, p=0.48
and 0.90 respectively). However, ONSD did correlate with
IOP in NTG patients (#=0.53, p<0.001), while it did not in
POAG patients and healthy controls (p=0.86, p=0.46 re-
spectively). Patient’s age did not relate to ONSD in any of
the groups (p>0.25 in all groups).

Conclusions Indirect measurements of ICP by ultrasound
assessment of the ONSD may provide further insights into
the retrolaminar pressure component in glaucoma. The cor-
relation of ONSD with IOP solely in NTG patients suggests
that the translaminar pressure gradient may be of particular
importance in this type of glaucoma.

Keywords Optic nerve sheath - Intracranial pressure -
Glaucoma - Translaminar gradient

Introduction

Glaucoma is an optic neuropathy defined by a characteristic
structural damage at the optic nerve head (ONH). Although
lowering intraocular pressure (IOP) helps to slow down or
stabilize the disease, a significant number of patients still
show signs of progression despite an IOP within the normal
range. Extensive research has therefore extended into non-
IOP related risk factors. In animal models, one variable that
has been shown to be related to structural changes in the
ONH similar to the glaucomatous damage is intracranial
pressure (ICP) [1]. The literature suggests that pressure
gradients between intra- and extra-ocular compartments
may be involved in the damage to the retinal ganglion cell’s
axons that cross the lamina cribosa [2, 3]. However, the
need for painful and invasive techniques to study ICP, such
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as lumbar puncture, has deterred most authors from evalu-
ating this variable in the overall glaucoma research field.

Ultrasound-based assessment of the optic nerve sheath
diameter (ONSD) is a validated method for indirect measure-
ment of the ICP [4-6]. The optic nerve (ON) is separated
from its sheath by a fluid layer of cerebral spinal fluid
(CSF), which is in continuity with the rest of the central
nervous system. Increases in ICP lead to an increase in the
volume of the fluid layer, thereby increasing ONSD as
measured in the retrobulbar portion of the ON trajectory.
Ultrasound-based ONSD measurements have been exten-
sively used to quickly and non-invasively assess ICP both
at clinical and research levels. From medical emergency
screening for changes in ICP in intracranial hemorrhages
[7] to clinical research in ICP variations to mountain climb-
ing [8], a vast literature now exists validating the use of this
method [5, 6]. Nevertheless, and to the best of our knowl-
edge, no study has yet used ultrasound measurements of
ONSD to investigate ICP significance in glaucoma.

Our study aims at identifying differences in ONSD be-
tween glaucoma and a healthy population. Furthermore, we
studied variables that may be associated with these indirect
ICP measurements.

Methods
Subject groups

Three cohorts of individuals over 18 years old were recruited
for the study in the University Hospitals of Leuven: patients
with NTG (n=46), patients with POAG (n=61), and healthy
control subjects (n=42). This latter group was recruited
from the cataract surgery clinic. Glaucoma patients were
defined as having characteristic optic disc damage and visual
field loss as described previously in the literature [9, 10]. For
the diagnosis of POAG, an untreated IOP of 21mmHg or
above was required. Current medical treatment, including
topical IOP-lowering drugs, was continued. The healthy
volunteers were screened by a senior member of the glau-
coma clinic (IST) and those with a family history of glau-
coma, an increased or asymmetrical cup/disc ratio or any
other optic disc structural change (notching, disc hemor-
rhage), or an IOP above 21mmHg, were excluded as possi-
ble glaucoma suspects. Patients with a history of ocular
trauma or eye disease (except glaucoma) that could not be
accounted for by refractive error were excluded. Any known
neurological disorder was also an exclusion criterion.

The study was approved by the ethical review committee
(Institutional Review Board) at the University Hospitals
Leuven, and was conducted in accordance with Good Clinical
Practice within the tenets of the Helsinki agreement. Each
patient/subject was required to sign an informed consent
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statement before being enrolled into the study and prior to
any study measurements being taken.

Measuring devices

IOP was measured with the Goldmann applanation tonometer
(GAT). Central corneal thickness (CCT) was measured using a
Pachmate DGHS55 (DGH Technology Inc., Exton, PA, USA).
Measurement of the ONSD was performed with a B-scan
ultrasound probe (Antares ecograph device, Siemens, Munich,
Germany).

Experimental design

Patients were instructed to avoid caffeine intake, smoking,
and exercise for 3 hours prior to the study visit. During the
study visit, the following examinations were performed in
the same order: visual acuity (using the ETDRS chart placed
in the same location at the same distance from the patient
under the same illumination for all subjects), IOP measure-
ment by GAT, pachymetry, blood pressure and heart rate
measurements, and finally ONSD measurements. This latter
was performed by an observer (LAP) masked to the patient
diagnosis, using the methodology described in the literature
[4]: The patient lies in the supine position with the head in a
neutral position and both eyes closed and in primary gaze
position. After coupling gel is applied and the insonation
depth is set to 5-8 cm, the transducer is softly placed over
the upper eyelid in an axial plane. This sonographic section
provides a transverse view of the globe and the structures of
the retrobulbar area (Fig. 1). The ONSD is calculated per-
pendicular to the vertical axis of the scanning place 3 mm
behind the globe, where the ON sheath structure is more
prone to expansion due to increases in ICP [11], probably

Fig. 1 Optic nerve sonography. The optic nerve complex is shown as a
sharply-defined hypoechoic stripe in between the echogenic retrobulbar fat
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due to a decrease in sheath thickness in that retrobulbar
segment of the ON [12, 13].

Data regarding axial length as measured by ultrasonic
biometry was retrieved from the patient’s file. Information
regarding functional and structural damage from glaucoma
patients was collected from exams undertaken on the day of
the study visit.

Only one eye per patient was included in the study. The
eye with greater glaucomatous damage was selected in the
glaucoma patients. In healthy individuals, the eye not sub-
mitted to cataract surgery was selected.

Statistical analysis

The Kruskal-Wallis test was used to compare between varia-
bles from the three diagnostic groups. The Mann-Whitney test
was performed to compare between two variables. Spearman
correlation was used to study associations between variables.
Probabilities are two-sided and considered statistically signif-
icant if p <0.05 (Graphpad Prism® ver. 5.0; Graphpad Soft-
ware Inc, La Jolla, CA, USA). Descriptive results are
reported as mean+SD unless otherwise indicated.

Results

Patient characteristics

Table 1 summarizes the patient characteristics in the differ-
ent diagnostic groups with their comparative p values. There

Table 1 Patient characteristics

Healthy NTG POAG Kruskal—
Wallis/
Mann—
Whitney
N 42 46 61
Age 73.5+13.0 65.4+13.8 66.7£13.6  0.004
10P 14.0+£3.3 12.8+2.8 14.4+5.6 0.29
Pachymetry 558.3+£26.6 548.3+30.2 557.2+£34.0 0.58
Axial length 22.0+1.3 22.1+1.5 22.4+2.0 0.78
MD - -7.2948.0 —9.70+£8.7 0.11
RNFL thickness — 0.17£0.12  0.17+£0.10  0.76
Visual acuity 0.36+0.34 0.28+0.33  0.24+0.29 0.48
MOPP 96.3+13.6 97.3+x14.7 953+14.5 0.78

Mean values (and SD) are depicted. Kruskal-Wallis indicates p values
of overall differences between the three diagnostic groups. Mann—
Whitney was used to compare variables between only two groups.
N=number of patients, NTG=normal tension glaucoma, POAG: pri-
mary open-angle glaucoma, IOP: intraocular pressure, MD: mean
defect, RFNL: retinal nerve fiber layer thickness, BP: blood pressure,
MOPP, median ocular perfusion pressure [(2/3 diastolic+1/3 systolic
BPs)—Goldmann tonometry]

were no differences between IOP records of the diagnostic
groups (p=0.29), nor between median ocular perfusion
pressure (MOPP) measurements (p=0.78). ONSD in the
different diagnostic groups was not significantly different
(p=0.08). However, pairwise comparisons revealed p values
close to significance both when comparing between healthy
individuals and POAG (p=0.056) and between NTG and
POAG patients (p=0.07). Healthy controls versus NTG
patients were not significantly different (p=0.91). When
comparing CCT, MD and retinal nerve fiber layer (RNFL)
between the NTG and POAG patients, no statistical difference
was determined (p=0.35; p=0.11; p=0.76 respectively).
Axial length was not different between any of the three
groups (p=0.78). Topical medications are summarized in
Table 2.

Relationship between ONSD and clinical variables
from diagnostic groups

A positive correlation between ONSD and IOP was ob-
served in the NTG group (p=0.0006; »=0.53) (Fig. 2), while
no such association was identified in the other groups
(healthy: p=0.46; POAG: p=0.86). ONSD was not related
to age in any of the diagnostic groups (p>0.25). The axial
length was also not correlated with ONSD (p>0.15). Like-
wise, MD and CCT were also not significantly associated
with ONSD in either of the glaucoma groups (p>0.30).
However, in the NTG group, we detected a near statistically
significant association between the RNFL and the ONSD
(p=0.08). (Table 3).

Discussion

This study was conducted to evaluate the relevance of
studying ONSD in glaucoma patients, and to study whether
this indirect measurement of ICP correlates with any clinical
variable in these patients.

In our study, no statistically significant differences in
ONSD between glaucoma groups and control subjects could
be demonstrated. As an indirect measure of ICP, our results

Table 2 Topical medications

NTG POAG

Beta blockers 19 (41.3%)
22 (47.8%)
18 (39.1%)

5(10.9%)

29 (47.5%)
34 (55.7%)
16 (26.2%)
5 (8.2%)

Prostaglandin analogs
Carbonic anhydrase inhibitors
a-adrenergic agents

Number of patients and percentage (between brackets) are depicted.
NTG: normal tension glaucoma; POAG: primary open-angle glaucoma
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Fig. 2 Correlation between OSND and IOP in NTG group (p=0.0006;
r=0.53). Non-linear regression and 95% confidence interval is
depicted (Y=4.690+0.109X; #*=0.20). OSND — optic nerve sheath
diameter, /OP — intraocular pressure

would suggest no significant difference in ICP exists be-
tween the groups. However, recent research has raised in-
teresting questions as to whether glaucoma populations,
specifically NTG individuals, are good candidates for this
well-established ICP indirect measurement. In a recent study
by Jaggi [14], an MRI-based measurement of the ONSD in
NTG patients found an increased ONSD when compared to
patients with other neurological disorders, suggesting this
enlargement would not match the expected lower lumbar
puncture-measured ICP in this population. These different
results when compared to our data could have several
explanations. One possibility for these authors’ findings that
NTG patients could have a larger ONSD than controls could
relate to the methodology used. Not only could the inva-
siveness of 10 mM iopamidol have interfered with the
normal CSF circulation, but more importantly, there may
be a difference in head position scanning between these two
groups. Prone position has been demonstrated to influence
CSF distribution in the central nervous system [15, 16]. By

Table 3 Correlation between ONSD and variables from diagnostic
groups

Healthy NTG POAG

P R P R P R
Age 0.50 -0.10 0.75 —0.005 026 0.16
MD - - 0.48 0.11 031 -0.14
RNFL - - 0.08 —0.31 0.70  —0.05
CCT - - 0.90 -0.001 044 —0.11
10P 046 —0.08 0.0006 0.53 0.86 —0.02
Axial length  0.17  0.25 0.56 -0.11 0.54  -0.09

Spearman correlations are depicted [values on coefficient of correlation
(r) and p values (p)]. MD— mean defect; RNFL — retinal nerve fiber
layer; IOP — intraocular pressure; CCT — central corneal thickness;
NTG — normal tension glaucoma; POAG — primary open-angle
glaucoma; ONSD — optic nerve sheath diameter
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measuring NTG patients in a prone position, there is a
possibility that the gravitational change in CSF distribution
could have changed the volume inside the ON sheaths, thus
interfering in the results. Our prospective study, while being
completely non-invasive, used the same method of ONSD
measurement in all patients. Additionally, the measurement
location and resolution of both imaging techniques could
also explain the different results. The MRI reconstruction
images are based on 32 sections of 0.5mm with data analysis
from reconstruction slices of 1 mm thickness, while the
average resolution of a 7-12 MHz ultrasound is between
130 and 800 um [17]. Moreover, we have tested our meas-
urements at the same position in all the patients, while the
MRI study searched for the wider ONSD section area.

Data from both retrospective and prospective studies
suggest that peripherally measured ICP is diminished in
NTG patients when compared to other neurologic patients
[18, 19]. While there is a possibility for the underlying
neurological condition to have an impact on the ICP, one
would expect ONSD to be decreased in such patients. While
the nature of such a decrease in ICP is still not understood,
that decrease would aggravate the translaminar gradient for
an otherwise normal IOP. Nevertheless, existing data sug-
gests that possibly in these patients, orbital ICP may not
exactly reflect the supine, lumbar-measured ICP. Data from
direct contrast-injection into the subarachnoid space of glau-
coma patients have proven that CSF fluid dynamics are
disturbed in the retrobulbar part of the optic nerve sheath
[20].

As our results do not show a difference between these
populations in ONSD, we can assume that the summation of
the forces acting behind the lamina cribosa is not statistically
different (at least within the limits of ultrasound resolution).
This, however, does not necessarily mean that these result-
ing forces would have a similar impact on the optic nerve.
Indeed, the translaminar gradient is not only affected by the
IOP and the retrolaminar pressure, but also by the thickness
of the wall separating these compartments. An abnormally
thin sclera, as suggested to exist in NTG patients [21],
could dramatically increase the pressure gradient over this
supporting tissue [22], even with pressures in the retro-
ocular compartments within an otherwise normal range.
This could then result in an increased stress on the optic
nerve in these patients.

One interesting aspect of our results is that the ONSD did
not correlate with age. Published data suggests there is a
decrease on the neuron mass of the optic nerve with advanc-
ing age and in more advanced glaucoma [23, 24]. The fact
that the overall ONSD is unchanged with age and glaucoma
damage would imply that the ratio between the neuron mass
and the CSF inside the ONSD is a dynamic one. This would
help explain part of the difficulties in studying the retrobul-
bar component in glaucoma pathogenesis.
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Interestingly, the ONSD measurement had a positive cor-
relation with IOP in NTG patients, while it did not in any of
the other groups. As it seems unlikely that the transcorneal
gradient pressure (IOP) as measured by Goldmann applana-
tion tonometry could affect the forces acting behind the lamina
cribosa [25], there is a possibility that those forces may
affect IOP by correlating with either aqueous humor (AH)
production or drainage. There is evidence that ICP may play
a significant role in AH drainage by modulating ocular
venous drainage [26]. According to the Monro—Kellie doc-
trine, intracranial blood volumes vary reciprocally with
changes in the CSF volume [27]. Accordingly, a decrease
or increase in CSF volume directly or indirectly influences
the flow inside the intracranial venous sinuses, and therefore
influences the drainage of the superior ophthalmic veins
(SOVs). These changes in intracranial hydrodynamics may
explain why increased levels of ICP lead to a significant
dilation of this SOVs [28, 29]. As these SOVs are respon-
sible for most of the ocular venous drainage, including the
AH drainage-related anterior ciliary veins, there is a possi-
bility of these changes having an impact in IOP. An extreme
example of this ability to influence IOP is the secondary
open-angle glaucoma caused by thrombosis of the SOV
[30]. Accordingly, one possibility for the observed ONSD/
IOP correlation in NTG patients is that any change in
downstream gradients will lead to a similar change in drain-
age of AH. NTG patients may have some unknown struc-
tural weaknesses along the extra-ocular drainage pathway
(in venous tonus, for instance) that may render them inca-
pable to significantly buffer any change in the forces acting
outside the globe. In fact, venous circulation in glaucoma
patients — and specially NTG patients — has been proved
to behave differently than in healthy individuals, ranging
from different peripapilary vessel diameter [31] and rigidity
[32] to significant decrease in prevalence of spontaneous
venous phenomenon [33, 34]. The degree of the impact of
this vascular venous dysregulation on IOP and the extent to
which it would interfere with the drainage of an otherwise
normal IOP on NTG is not fully understood. However, and
since the pressure inside that venous compartment has to be
maintained at a lower level than IOP for AH drainage to
occur, we can hypothesize that at lower levels of ICP, the
other forces acting in the orbit could interfere with the SOV
drainage. Hypothetically, the existence of a greater upstream
obstruction on the drainage pathway in POAG patients, such
as in the trabecular meshwork for example, might explain
why this ONSD would not have correlated with IOP.

Our work has several limitations. As a full neurological
examination was not performed in these patients, there is the
possibility of a contamination of the experimental groups by
individuals with a yet undiagnosed neurological clinical
condition. Furthermore, the refractive status of the patients
could also introduce a bias, as the properties of the sclera are

different from hyperopic to myopic patients [35]. As some
patients were pseudophakic, we assessed the axial length,
which was inside the normal range and similar in all groups.
More importantly, the fitness of the linear regression model
explaining the ONSD/IOP relationship in NTG patients is
low, despite a higher level of correlation between the ONSD
and IOP variables. This would suggest there may be a non-
linear correlation with these parameters, with further studies
being needed in order to understand the nature of this
relationship.

In summary, orbital imaging techniques, such as non-
invasive ultrasound-based ONSD assessment, may provide
further insights into the forces acting behind the lamina
cribosa. More studies will need to further investigate the
intriguing relationship between ICP and the optic nerve,
whose significance in glaucoma may of particular impor-
tance in NTG patients.
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