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Abstract

Ultrasonographically measured optic nerve sheath diameter measurement has
become a common noninvasive approach for detecting elevated intracranial
pressure. We present a case of aneurysmal subarachnoid hemorrhage with ele-
vated intracranial pressure. Postoperative arachnoiditis developed, and lumbar
puncture revealed low intracranial pressure. However, ultrasonography revealed
a dilated optic nerve sheath, denoting elevated intracranial pressure. This was
confirmed by computed tomography showing ventricular dilation. Ophthal-
moscopy revealed papilledema and hemorrhage. This case study demonstrated
that noninvasive bedside ultrasonographic optic nerve sheath diameter measure-
ment can detect elevated intracranial pressure more accurately than lumbar
puncture, especially in cases with intracranial infection.
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Introduction

Elevated intracranial pressure (ICP) is considered to be a
common emergency condition. High ICP is associated
with poor clinical outcomes, including high mortality
rates in various neurological diseases."” Determining the
ICP is essential for the diagnosis of neurological diseases
and hence there is an urgent need for simple, repro-
ducible, noninvasive ICP measurement methods. Ultra-
sonographic optic nerve sheath diameter (ONSD)
measurement has been increasingly investigated as a non-
invasive method for timely detection of elevated ICP.>*?
This technique is based on the anatomy of the optic
nerve sheath (ONS) and its surrounding structures. The
ONS is an extension of the dura mater, with a subarach-
noid space containing cerebrospinal fluid. Because of this
communication, cerebrospinal fluid can shift between the
intracranial and intraorbital subarachnoid spaces.® The
intraorbital subarachnoid space surrounding the optic
nerve is subject to the same pressure changes as that in
the intracranial subarachnoid space.7 In 1989, it was dis-
covered that ONSD could be measured by B-mode

ultrasonography, which demonstrates increases in ONSD
in patients with increased ICP.® Other subsequent studies
confirmed the correlation between ONSD and ICP.>'°
However, this technique has been used only to detect an
elevated ICP in cases of severe traumatic brain injury.

We present a complicated case of aneurysmal subarach-
noid hemorrhage with spinal arachnoiditis, severe infec-
tion, and a dramatically fluctuant ICP. Spinal
arachnoiditis is a rare complication of aneurysmal sub-
arachnoid hemorrhage."' We measured the ONSD using
ultrasonography for the assessment of ICP, and found this
to be a rapid, noninvasive bedside method, especially suit-
able in our case with severe infection.

Case Description

A 27-year-old man was admitted to the emergency
department with an abrupt, severe headache and loss of
consciousness for 2 hours. Physical examination revealed
a moderate coma. Brain computed tomography (CT)
showed frontal and ventricular high-density shadows
(Fig. 1A), and computed tomography angiography (CTA)
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Figure 1. (A) The head CT shows frontal and ventricle high-density shadows in a patient with subarachnoid hemorrhage. (B) Computed
tomography angiography (CTA) of the head shows an anterior communicating artery aneurysm. (C) After surgery, the optic nerve sheath
diameter was 0.538 cm and there was papilledema (arrow). (D) A CT scan of the head shows ventricular dilation. (E) The cervicothoracic MRI

shows arachnoid adhesions in the spinal cord. (F) The lumbar MRI shows lumbar spinal stenosis and subarachnoid space stenosis.

established a diagnosis of an anterior communicating
artery aneurysm (Fig. 1B). The following day, the patient
underwent aneurysm embolization and lumbar cistern
drainage.

One week later, cerebrospinal fluid examination
revealed a postoperative infection (white blood cells:
11897 x 10°/L). Lumbar puncture (LP) revealed an open-
ing pressure of 320 mmH,0. Anti-infective and ICP low-
ering therapies were
Subsequent cerebrospinal fluid examination revealed a
decrease in the white blood cell count to 135 x 10%L. LP
revealed an opening pressure of 180 mmH,0. However,
there was no significant symptomatic improvement. One
week later, LP revealed low ICP (30 mmH,O).

Ultrasonographic ONSD measurement was conducted
to confirm the ICP value. Ultrasonography showed a
dilated ONSD of 5.38 mm and papilledema consistent
with elevated ICP (Fig. 1C). ICP was calculated using the
mathematical equation'’.

ICP=—111.92 + 77.36 X ONSD which indicated an ele-
vated ICP (304 mmH,0O). Ophthalmoscopy

administered for 2 weeks.

showed

papilledema and hemorrhage. The patient subsequently
underwent a brain CT, which revealed ventricular dila-
tion, confirming the elevated ICP (Fig. 1D).

Finally, the patient underwent cervicothoracic and lum-
bar magnetic resonance imaging (MRI) examinations.
The cervicothoracic MRI revealed arachnoid adhesions in
the spinal cord (Fig. 1E), while the lumbar MRI revealed
lumbar spinal stenosis and narrowing of the subarachnoid
space (Fig. 1F).

Discussion

This case study shows that, in cases where cerebrospinal
fluid pressure measurements by LP are inconsistent with
the patient’s symptoms, noninvasive bedside ultrasono-
graphic ONSD measurement can serve as a viable clinical
alternative for the assessment of ICP. This is particularly
true in cases with concomitant infection. To the best of
our knowledge, this is the first study to report that ultra-
sonographic ONSD measurement can detect elevated ICP
more accurately than LP in more complicated cases.
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This patient had arachnoid adhesions in the spinal
cord, lumbar spinal stenosis, and narrowing of the sub-
arachnoid space. Cerebrospinal fluid could not flow freely
between the intracranial and lumbar subarachnoid spaces.
Hence, LP could not assess the ICP accurately. In con-
trast, ultrasonography detected a dilated ONS, indicating
elevated ICP that was subsequently confirmed by the ven-
tricular dilation shown in the CT study. In addition, we
quantitatively determined the ICP using a mathematical
model based on the patient’s ONSD data, which served as
supplemental information of the patient’s condition.

Although there are other methods of assessing ICP accu-
rately, all of them have several disadvantages in comparison
to ultrasonographic ONSD measurement. For example,
while invasive ICP monitoring can provide accurate ICP
assessment, it is often only available in specialist neurocriti-
cal care units.'? Because of its invasiveness, this technique
may result in complications such as hemorrhage, bacterial
colonization, and pain for the patient, especially when
repeated assessments are regiured.”"? Many facilities may
lack the specific, expensive instruments required for this
method, and the presence of contraindications such as
coagulopathy may reduce the feasibility of invasive ICP
monitoring. CT and MRI can detect elevated ICP noninva-
sively. However, these two techniques are time-consuming
and may require patient transportation, a complicated pro-
cess for patients in the intensive care unit or those on
mechanical ventilation or monitoring equipment. Hence, it
is necessary to explore noninvasive bedside methods of
assessing ICP in clinical settings.

Recent studies have confirmed that ONSD measure-
ment via noninvasive imaging technologies can accurately
evaluate elevated ICP."*™ Thus, the rapid, noninvasive
bedside method of ultrasonographic ONSD measurement
is in high demand, and it might become the recom-
mended method of detecting elevated ICP.'

Papilledema and hemorrhage identified by ophthal-
moscopy is probably an indicator of elevated ICP. How-
ever, it may also indicate inflammation of the optic nerve
or optic nerve compartment syndrome. Brodsky et al.
reported that low intraocular pressures may lead to optic
disc swelling even in the presence of normal ICP, and
that high intraocular pressures can prevent papilledema
even when ICP is elevated.'” A review article reported
that the papilledema grading scale was not widely
accepted, and there was considerable interobserver vari-
ability concerning normal ophthalmoscopic morphology.
Moreover, optic disk swelling in cases with elevated ICP
requires time to develop and therefore is not applicable
in emergency conditions or when acute elevated ICP is
suspected.'® Another review found similar information."®

The ONSD can rapidly change with changes in ICP.
Hansen et al. demonstrated in vitro that ONSD quickly
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changes by applying controlled increased and decreased
pressure levels in the subarachnoid space.”® Another study
investigated the effects of acute ICP changes on ONSD by
measuring ONSD before, during, and after tracheal manip-
ulation, which is known to increase ICP. They found that
ONSD increased with tracheal manipulation and immedi-
ately returned to baseline once manipulation was stopped.*'
Based on these reports, it appears that ultrasonographic
ONSD may be a sensitive indicator of ICP. Further assess-
ments of the sensitivity and specificity comparing ultra-
sound with ophthalmoscopy are needed in a future study.

In conclusion, this was an uncommon case of aneurys-
mal subarachnoid hemorrhage with spinal arachnoiditis,
where elevated ICP was detected more accurately using
ultrasonographic ONSD measurement compared to LP.
Ultrasonographic ONSD measurement can serve as a
rapid, noninvasive bedside method for ICP assessment,
especially in cases of spinal arachnoiditis.
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