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ABSTRACT

Objective Spontaneous intracranial hypotension (SIH)
is most commonly caused by cerebrospinal fluid (CSF)
leakage. Therefore, we hypothesised that patients with
orthostatic headache (OH) would show decreased optic
nerve sheath diameter (ONSD) during changes from
supine to upright position.

Methods Transorbital B-mode ultrasound was
performed employing a high-frequency transducer for
ONSD measurements in the supine and upright
positions. Absolute values and changes of ONSD from
supine to upright were assessed. Ultrasound was
performed in 39 SIH patients, 18 with OH and 21
without OH, and in 39 age-matched control subjects.
The control group comprised 20 patients admitted for
back surgery without headache or any orthostatic
symptoms, and 19 healthy controls.

Results In supine position, mean ONSD (£SD) was
similar in patients with (5.38+0.91 mm) or without OH
(5.48+0.89 mm; p=0.921). However, in upright
position, mean ONSD was different between patients
with (4.84+0.99 mm) and without OH (5.53+0.99 mm;
p=0.044). Furthermore, the change in ONSD from
supine to upright position was significantly greater in
SIH patients with OH (—0.53+0.34 mm) than in SIH
patients without OH (0.05+0.41 mm; p<0.001) or in
control subjects (0.01+0.38 mm; p<0.001; area under
the curve: 0.874 in receiver operating characteristics
analysis).

Conclusions Symptomatic patients with SIH showed a
significant decrease of ONSD, as assessed by ultrasound,
when changing from the supine to the upright position.
Ultrasound assessment of the ONSD in two positions
may be a novel, non-invasive tool for the diagnosis and
follow-up of SIH and for elucidating the pathophysiology
of SIH.

INTRODUCTION

Spontaneous intracranial hypotension (SIH) is an
increasingly recognised syndrome with the hallmark
of orthostatic headache (OH). Pathophysiology sug-
gests spontaneous leakage of cerebrospinal fluid
(CSF) through a spinal meningeal fistula.! Diagnosis
of SIH remains challenging and the criteria of the
international headache society are evolving.” *

A simple, cost-effective, non-invasive, and repeat-
able diagnostic tool that would aid in diagnosis,
follow-up, and understanding of the pathophysi-
ology of STH would be useful.

High resolution transorbital sonography of the
optic nerve sheath diameter (ONSD) is increasingly
used for the assessment of raised intracranial pres-
sure.* Sonographic measurements showing increased
ONSD in patients with raised intracerebral pressure
(ICP) were confirmed using high-resolution MRL® ©
Literature on ultrasound diagnostics in patients with
SIH is very sparse and consists only of a case study
and an investigation in 10 patients on the effect of
epidural blood patch on ONSD and ophthalmic
venous flow”™ Up to now, all measurements
reported in the literature were only performed with
patients lying supine, and no measurements were
made after change to the upright position.

Based on pathophysiological considerations, we
hypothesised that there is a change in ONSD from
supine to upright position and that this change
should be more pronounced in patients with acute
OHs.

In the current study we evaluated the diagnostic
value of ONSD by performing two high-resolution
orbital ultrasound assessments, in supine and
upright positions, in three groups: symptomatic
and asymptomatic SIH patients, and controls.

METHODS

Subject groups

Ultrasound of the ONSD is part of our routine
diagnostic workup in all patients presenting with
SIH in our departments.

We included all patients (18 years or older) with
confirmed SIH from January 2013 to December
2014. SIH was diagnosed according to criteria of
the international headache society.” These criteria
are: (A) any headache fulfilling criterion C; (B) low
CSF pressure (<60 mm H,0) and/or evidence of
CSF leakage on imaging; (C) headache has devel-
oped in temporal relation to the low CSF pressure
or CSF leakage, or has led to its discovery; (D) not
better accounted for by another International
Classification of Headache Disorders 3rd edition
(ICHD-3) diagnosis. All patients with confirmed
SIH had evidence of CSF leakage on imaging as
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General neurology

required by criterion (B) in the International Headache
Classification.” Imaging findings included subdural fluid collec-
tions, enhancement of the pachymeninges, sagging of the brain,
or a fluid collection circumscribing the spinal dural sac in
T2-weighted MRI (see online supplementary tables S1A, B).

Exclusion criteria included any pathology (ie, erosions) of the
upper eyelid, any eye surgery within the previous 6 months, and
recent head or neck trauma or conditions not allowing pos-
itional changes. Patients with postdural puncture headache and
patients who had recent spinal surgery potentially affecting CSF
dynamics were excluded.

SIH patients were dichotomised into: group A, those with
current severe or immediate OH (ie, within 15 min after
assuming an upright position); or group B, those with no OH
after assuming an upright position, but who had a history
(<4 weeks) of OH that developed in less than 15 min on shift-
ing to upright position. All consecutive patients received
dynamic ultrasound assessment of the ONSD. Additionally, we
examined 20 patients without headache or any orthostatic
symptoms (group C1) and 19 healthy controls (C2). Group C
consisted of similarly aged patients who were admitted for
back surgery due to spinal stenosis or disc herniation; all their
data are based on presurgical examinations. Group C2, which
served as an external control, comprised healthy volunteers
from Regensburg, Germany. A joint meeting between the
groups from Bern and Regensburg was held prior to the start
of the study to ensure consistency of examinations at the two
study centres. Ultrasound was performed using the same proto-
col in the two centres.

Twofold assessment of the ONSD

In Bern, the change in ONSD was measured with a 7-15 MHz
linear array transducer in transorbital B-mode ultrasound (IU 22
equipped with a 15L8 transducer, Philips, Amsterdam, the
Netherlands). In Regensburg, the ultrasound machine was
Toshiba Xario XG equipped with a high frequency linear array
transducer (PLT-1204BT, Tokyo, Japan).

The examination was conducted first with the patient in
supine position and then in upright position with the patient
standing for 2 min (figure 1). The probe was placed on the tem-
poral part of the upper eyelid using a thick layer of gel.

© Neurosurgery In eIspftaI Bern

Figure 1

Ultrasound safety and diagnostics

To comply with maximum patient safety, Mechanical Index as
an on-screen parameter was reduced to 0.3, which is concordant
with the guidelines of the British Medical Ultrasound Society
and US Federal Drug Administration, which recommends a
Mechanical Index of 0-0.3 and less than or equal to 0.23 for
ultrasound of the eye.!? 1!

The field of view was adjusted to a depth of 40 mm and a
single focal zone placed behind the orbit. The B-mode gain was
reduced for optimisation of the optic nerve sheath (ONS).
ONSD was measured 3 mm behind the echogenic lamina cri-
brosa in axial and sagittal planes to the cranium on both sides
using a perpendicular axis as previously described.® '* The
documented ONSD was computed from the mean of four
values for each patient, that is, two on each eye (figure 1). In
both study centres, an examiner trained in ultrasound diagnos-
tics of the ONS performed all ultrasound examinations. The
examiner was not blinded with regard to the clinical presenta-
tion of the patient.

Outcome measures and statistical analysis

For this exploratory study, the primary analysis population con-
sisted of subjects who had an ONSD assessment in supine and
in upright position. The primary analysis variable was the
change in the ONSD from supine to upright position.

The comparison of ONSD among groups was performed
using the Wilcoxon rank-sum test (two groups) or the
Kruskal-Wallis test (more than two groups). Analysis of covari-
ance was employed for supportive evaluations and was adjusted
for age and gender. For evaluation of the ONSD change, ana-
lysis of covariance was adjusted for the value in supine position.
An analysis of receiver operating characteristics (ROC) curves
was used to assess the diagnostic test for the presence of OHs
based on ONSD. Logistic regression was used to include effects
for gender, age and supine ONSD. Statistical tests were two-
sided and conducted at the 5% significance level. No correction
for multiplicity was used.

Ethical considerations
The analysis was carried out in accordance with Good Clinical
Practice guidelines, Swiss Academy of Medical Sciences
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Left: lllustration of change in diameter of the ONS in a patient with spontaneous intracranial hypotension. Right: optic nerve sheath

diameter (ONSD) image from transorbital ultrasound. lllustration of the changes in the diameter of the ONS in a symptomatic patient that occur
with the change from supine to upright body position. The red arrow indicates the subarachnoid space around the optic nerve measured by
ultrasound. The upper left picture shows the diameter of the ONS in a symptomatic patient while supine. The upper right picture shows a decreased
ONS diameter when this patient assumes upright position. Right-side image: ONSD was assessed 3 mm behind the papilla in axial and sagittal
planes on both sides using a perpendicular axis. The field of view is adjusted to a depth of 40 mm. (SAS/T=subarachnoid space/trabeculae; ONS,

optic nerve sheath).
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guidelines, and the Declaration of Helsinki. The ethics board of
the Bern University Hospital approved the study (Bern,
Switzerland, KEK-Nr. 021/14). The prospective study of healthy
volunteers in Regensburg was approved by the local ethics com-
mittee (Regensburg, Germany, 14-101-0076).

RESULTS
Ultrasound was performed in 48 patients plus 39 controls in the
same age range. Nine patients had to be excluded from further
analysis because of recent surgery with a possible effect on CSF
dynamics (posterior fossa surgery, n=2; recent spinal surgery,
n=1; postdural puncture headaches, n=6). Thus, 39 patients
with newly confirmed SIH as well as 39 controls were included
for analysis (figure 2). The demographic and clinical character-
istics of the included patients are shown in online supplemen-
tary tables S1A, B.

All patients in groups A and B were selected according to the
International Headache Society criteria for SIH and had con-
firmed diagnosis of SIH.> At the time of the examination, 18

patients of group A (10 men, 8 women; mean age 52 (range
27-75) years) had OHs when assuming the upright position.
The 21 patients comprising group B (11 men, 10 women; mean
age 63 (range 39-83) years) did not have immediate (ie, within
<15 min) severe OHs. The control group (C1+C2) comprised
39 patients: 20 patients (14 men, 6 women; mean age 51 (range
18-73) years) from one study centre (C1), plus 19 healthy con-
trols (10 male, 9 female; mean age 58 (range 50-67) years)
from the other study centre (C2).

In the primary analysis population no missing ultrasound
assessments were reported. No adverse events were reported.

Results of ultrasound of the ONSD

In the supine position ONSD was similar among patients with
and without OH (p=0.921). The mean ONSD in supine pos-
ition in patients with active OH (group A) was 5.38+0.91 mm,
which was similar to values for patients with confirmed SIH but
without active OH (group B), 5.48=0.89 mm.

Included subjects received
ultrasound of optic nerve sheath

n=87

Patients with newly diagnosed
groups A and B

n=39

- surgery posterior fossa n=2
- spinal surgery n=1
- patients with recurrent STH n=6

Patients with active orthostatic
headaches allocated to Group A

n=18

Patients without active orthostatic
headaches allocated to Group B

n=21

Figure 2 Subject disposition diagram. SIH, spontaneous intracranial hypotension.
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In the upright position there was a statistically significant
difference between patients with and without OH (p=0.044).
Patients with active OH (Group A) had a mean ONSD of 4.84
+0.95 mm, whereas patients without active OH (Group B) had
a mean of 5.53+1.02 mm.

The change (A) in ONSD between supine and upright pos-
ition was statistically significantly different between groups A
and B (p<0.001). The mean difference (A) between supine and
upright position in patients with active OH (Group A) was
—0.53=SD 0.34 mm. Patients without active OHs (Group B)
had a mean difference (A) of 0.05+0.41 mm. Comparison of
patients with OH and SIH (Group A) to patients without OH
(Group B), versus the controls (Groups C1 and C2 combined:
0.01+0.38 mm) showed a statistically significant difference (A)
(p<0.001; figure 3).

Only patients with confirmed SIH and OH had a significant
decrease (—10%) of ONSD (Group A supine: 5.38%+0.91 mm vs
Group A upright: 4.84+0.99; p<0.001).

Analysis of covariance was used to adjust estimates for the
potentially confounding effects of age and sex. Results in a
model comparing groups A, B and C confirmed that the only
group with a significant change in ONSD was Group A (SIH
with OH; p<0.001).

We evaluated the diagnostic accuracy of the difference in
ONSD with the operator: presence of OHs (Group A) against
Groups B, C1 and C2. ROC analysis for difference of ONSD
between supine and upright position revealed an area under the
curve of 0.874 (95% CI 0.776 to 0.972; p<0.001).

DISCUSSION

Using ultrasound measurements, we showed a significant reduc-
tion of 10.0% in the ONSD in the standing position compared
to the supine position in patients diagnosed with SIH and
current OHs. Unlike patients with OHs, patients diagnosed with
SIH but without active OHs at the time of examination, as well
as controls, did not show a significant ‘collapse’ of their ONSs
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Figure 3 Bee swarm box-plot data with means and SDs showing the
differences between groups. Bee swarm box-plot data with means and
SDs illustrate the differences (A) in patients with orthostatic headaches
(Group A, green), without (Group B, red) and patients without an
spontaneous intracranial hypotension (SIH) diagnosis (C1, grey, internal
control and C2, black, external control).

when moving from a supine to an upright position. The demon-
stration of a collapse of the ONSD in SIH patients when chan-
ging from supine to upright position is a novel finding and
assessment of the ONSD using ultrasound might become a
useful diagnostic tool for diagnosis and follow-up of patients
with STH. Furthermore, our findings give intriguing insights into
the pathophysiology of STH.

The current results of the diameter of the ONS are in line
with the reported ultrasound values in the literature of 5.4 and
5.75 mm in healthy adults, as well as MRI of 5.1 and
5.3 mm.">® A study by Takeuchi et al® showed significantly
smaller ONSD using MRI techniques and measured the ONSD
in two slices (just behind the eyeball and 3.5 mm behind the
first slice, mean 3.34 and 4.85 mm, respectively). These differ-
ences may be due to the different depth as we, and the previ-
ously mentioned groups, performed the ONSD measurements
3 mm behind the ocular bulb, as suggested by Helmke and
Hansen.'” Two other studies using coronal short tau inversion
recovery sequences behind the optic bulb suggested a loss of
CSF signal around the optic nerve in supine position—although
these were not quantitative studies and did not include control
groups.'* 18

The width of the ONS is related to the intracranial pressure;
numerous reports and prospective studies have shown an
increase of the ONSD in patients with intracranial hyperten-
sion.'> 1”21 Measurements of the ONS response to increased
CSF pressure by lumbar intrathecal infusion tests showed an
immediate increase. However, to date, significant differences in
ONSD between patients with OH, patients without OH, or
healthy controls have not been found. Therefore, and based on
the pathophysiology and MRI findings of STH as summarised by
Schievink et al' and Mokri,** we hypothesised that changes of
the ONSD should be detectable when the body position is
changed from supine to upright, which causes an orthostatic
decrease of intracranial pressure.' *¢ The dynamic paradigm
of performing two measurements—first supine, then upright—
showed a significant change in ONSD in patients with SIH.
However, the change in ONSD was significant only in SIH
patients when they were symptomatic, indicating a higher com-
pliance capacity, or an ongoing loss of CSE*” Currently the sen-
sitivity of transorbital ultrasound for STH seems to be rather low
and would, thus, not be a suitable screening tool. However, to
provide robust numbers of sensitivity and specificity, clearly a
larger, possibly multicentre trial will be necessary. SIH is mainly
a clinical diagnosis with the hallmark of orthostatic symptoms
and MRI findings. However, STH has a wide clinical spectrum
and some patients do not show typical orthostatic symptoms or
MRI findings. For these patients transorbital ultrasound may be
of diagnostic help and the current data suggests that it has the
potential for stratifying patients for more invasive tests and as a
prognostic marker. Furthermore, dynamic ultrasound may assess
the efficacy of treatment, may be used for follow-up examina-
tions, and may provide insight into the pathophysiology of SIH.

One explanation for the collapse of the ONS could be that
patients who are symptomatic with headache suffer from an
‘open’ fistula with continuous leakage of CSE This in turn leads
to a more pronounced loss of intracranial CSF and decrease of
ICP while in the upright position as compared to control
patients or SIH patients without headaches, eventually leading
to a measurable and significant change of the subarachnoid
space around the optic nerve (figure 1).

Assessing ONSD both in supine and upright positions might
enhance the usefulness of ultrasound examinations of the ONS
and could be a useful bedside tool for patients with OH. It has
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several advantages: (1) it is not affected by the normal variabil-
ity of the ONS diameter between patients, (2) it ameliorates the
unknown relationship between ONS diameter and CSF pressure
in individual cases, and (3) it eliminates the interobserver vari-
ability of ultrasound measurements of the absolute ONSD
because the same observer can perform both examinations.

The stratification of our patients is based on the hypothesis
that the amount of CSF moving from the intracranial to the
spinal compartment when patients shift from a supine to stand-
ing position is larger in patients with OH. Unlike patients
without OH or controls, there is not enough CSF in the intra-
cranial space to support the weight of the brain at its normal
intracranial position.”® The CSF leakage causes sagging of the
brain and consequent tension to pain-sensitive structures like
veins and the dura mater. Thus ongoing OH serves as a surro-
gate marker for active disease.

Study limitations

A limitation of our study is the difficulty of SIH diagnosis. We
classified our patients according to the current criteria for SIH
of the International Headache Society.> The difficulty in making
a sound diagnosis is reflected by the recent evolution of the
diagnostic criteria. We recently proposed a classification system
for the likelihood of a spinal CSF-fistula according to imaging
findings.”’ Inclusion of imaging findings in the diagnosis of
SIH might improve understanding of STH. A possible bias is the
composition of the two control groups. One group comprised
20 patients hospitalised prior to elective back surgery; the other
comprised 19 healthy controls in a different hospital. Each of
the two control groups was examined by a different ultrasound
unit with a different examiner. Evaluation of control subgroups
(C1 and C2), showed slightly higher ONS diameters in the C2
subgroup in both supine and upright positions (see online
supplementary table S2), which may result from the different
clinical units or equipment used for these subgroups. However,
the mean individual difference between supine and upright
position (A) was not notably different between the C1 and C2
subgroups (see online supplementary table S3). A technical limi-
tation of our study is the resolution of the ultrasound technique.
A 7-15 MHz linear array transducer has an axial and lateral
resolution of 0.1 mm, while the mean change of the ONSD was
only 0.53 mm.?® Prospective studies in patients with OH fol-
lowing spinal tap or epidural anaesthesia may be appropriate to
confirm the results of this study.

CONCLUSIONS

In summary, this report describes a difference in the diameter of
the ONS on postural changes from supine to upright positions.
Therefore, transorbital ultrasound in supine and upright posi-
tions may provide a novel method for the diagnostic workup of
patients suspected to have SIH. Results of the current analysis
are promising and suggest the need for a larger prospective
series to assess sensitivity and specificity of this novel diagnostic
tool for SIH.
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