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Summary

B-mode sonography of the optic nerve is a promising new technique in the field
of neurology. It may serve as an additional diagnostic tool in different diseases with altered
intracranial pressure. The aim of this article is to give an overview on this technique and on its
possible clinical applications.

© 2012 Elsevier GmbH. All rights reserved.

Introduction

Over the past few decades the sonographic investigation of
the eye and the adjacent structures in the orbit has become
an important and well established tool in ophthalmology. It
is crucial in the clinical work-up of patients suffering from
a wide variety of ocular and orbital disorders.

Additionally, a growing body of literature demonstrates
the usefulness of transbulbar B-mode sonography of the
optic nerve for detecting raised intracranial pressure
(ICP) in patients requiring neurocritical care. Therefore,

Abbreviations: ICP, intracranial pressure; ONSD, optic nerve
sheath diameter; IIH, idiopathic intracranial hypertension; CSF,
cerebrospinal fluid.
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neurologists increasingly take interest in this non-invasive
and cost-effective bedside method. Even today ICP assess-
ment continues to be a challenging task in critical care
medicine. Invasive devices remain the cornerstone for mea-
suring ICP in comatose or sedated patients but may not
always be feasible due to a lack of neurosurgeons or con-
traindications such as coagulopathy or thrombocytopenia.
Noninvasively, evaluation of pressure elevation relies on
clinical symptoms or repeated CT or MR scanning to monitor
for complications of raised ICP.

As part of the central nervous system the optic nerve
is surrounded by cerebrospinal fluid and by meninges des-
ignated as optic nerve sheath. Hayreh shed light on the
communication between the intracranial cerebrospinal fluid
spaces and the subarachnoid space of the optic nerve sheath
[1]. In his investigations in rhesus monkeys he described the
development of papilledema in different situations of ele-
vated ICP. Helmke and Hansen confirmed that ICP changes
have an influence on the optic nerve sheath diameter
(ONSD) [2]. In intrathecal infusion tests they found that the
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Figure 1

ONSD in IIH before and after lumbar puncture. (A) ONSD is measured 3 mm behind the base of the papilla (dotted arrow)

in an axial plane showing the optic nerve in its longitudinal course. The dashed arrow denotes the ONSD. The picture for this figure
was obtained from a healthy adult. Panel B shows the optic nerve sheath in a patient suffering from IIH. After lumbar puncture with
therapeutic removal of CSF a normalization of the ONSD into the normal range could be observed without an apparent change of

the optic disk elevation (C).

sonographic ONSD assessment is not suitable to evaluate
exact ICP values, but may be used as surrogate variable of
raised ICP. In contrast to the evolution of papilledema, ONSD
changes correlated well with short-term ICP variations. This
has been recently reproduced in an ultrasound-based study
on brain injured patients [3]. Moreover, Helmke and Hansen
developed a standardized transbulbar sonography technique
for measuring the ONSD [4,5].

Transbulbar sonography

In our ultrasound laboratory we use a 9—3 MHz linear array
transducer for transbulbar sonography of the optic nerve.
Patients are examined in supine position with the upper part
of the body and the head elevated to 20—30°. For safety rea-
sons of biomechanical side effects we reduce the mechanical
index to 0.2. The probe is placed on the temporal part of
the closed upper eyelid using a thick layer of ultrasound gel.
The retrobulbar part of the optic nerve can be depicted in
an axial plane showing the papilla and the optic nerve in
its longitudinal course. By convention the ONSD is assessed
3 mm behind the papilla. In order to gauge the ONSD, the dis-
tance between the external borders of the hyperechoic area
surrounding the optic nerve should be quantified (Fig. 1).

Several studies reproduced a high intra- and interob-
server reliability of the sonographic ONSD assessment [6—8].
However, data on normal values vary considerably, espe-
cially in former publications [9]. This may be explained by
differing ultrasound equipments and their influence on sono-
graphic findings and measurement criteria different from
the ones stated above. Therefore, several authors empha-
sized the necessity of correctly used measuring points and
clearly displayed optic nerve structures for reliable results
[10,11].

In our study on this topic, using above criteria, the
mean ONSD was 5.4 + 0.6 mm in healthy adults that matches
closely with results derived from two MRI studies [7]. Rohr
et al. found a value of 5.3+ 0.6 mm in patients with men-
tal disorders but without intracranial lesions or signs of

elevated ICP [12]. Geeraerts et al. indicated a mean ONSD
of 5.1+0.5mm in healthy volunteers [13]. Accordingly, a
cadaver study illustrated a good correlation between the
evaluation of the ONSD by MRI and transbulbar sonogra-
phy. Despite the unfavorable angle between the course of
the optic nerve and the insonation direction in transbulbar
sonography Steinborn et al. observed an acceptable agree-
ment between MRI and the sonographic approach [11]. These
results have been verified in an investigation of sixty-five
children, recently [10].

Neurocritical care

In comatose or sedated patients with intracranial bleeding
and traumatic head injury sonographic ONSD evaluation has
been proven to be feasible in predicting raised ICP [3,14,15].
An MRI-based investigation confirmed this observation [13].
Geeraerts et al. found a mean ONSD of 6.3 +0.6 mm in brain
injured adults using sonography [14]. By means of MRI they
indicated a mean ONSD of 6.3 +0.5mm [13]. The thresh-
old of ONSD predicting an elevated ICP was proposed to be
between 5.7 and 5.9 mm [3,13—15]. In a metaanalysis of six
studies with data on a total of 231 patients with traumatic
brain injury or intracranial hemorrhage the technique had a
sensitivity of 90% and a specificity of 85% [16].

Furthermore, transbulbar ONSD assessment has been sug-
gested for follow-up examinations of children with internal
hydrocephalus and ventriculoperitoneal shunt systems [17].
Moreover, two sonographic investigations observed a corre-
lation between the severity of acute mountain sickness and
ONSD [18,19].

Idiopathic intracranial hypertension

Only few results were published on the sonographic ONSD
evaluation in idiopathic intracranial hypertension (lIH) [20].
One MRI based retrospective study described a mean ONSD
of 6.5+0.9mm in patients suffering from IIH and quote a
cut-off value for raised ICP of 5.8 mm [21].
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In a prospective study we examined the ONSD in ten
adults with newly diagnosed IIH by transbulbar sonog-
raphy before and after lumbar puncture [22]. Patients
were recruited according to the updated diagnostic crite-
ria of IIH and papilledema was documented in all subjects
by an ophthalmological examination including funduscopy.
Twenty-five individuals with other neurological disorders
served as controls. Sonographic evaluation of the optic nerve
was possible in all participants.

Compared to controls the ONSD was significantly enlarged
among patients with IIH bilaterally [6.4+0.6mm vs.
5.4+ 0.5mm]. After lumbar puncture with a therapeutic
removal of 30-50ml of CSF we observed a signifi-
cant decrease of the ONSD on both sides (right ONSD
5.8 £0.7mm, left ONSD 5.9 +0.7 mm) (Fig. 1). However, in
some patients with IIH, the ONSD was not altered or only
slightly altered, e.g. a decline of 0.4 mm or more was only
documented in five individuals. This may possibly be related
to findings of a defective CSF circulation in the optic nerve
sheath in this disorder, a state that is referred to as optic
nerve compartment syndrome [23]. The ROC curve analy-
sis revealed an optimal cut-off value for predicting raised
ICP of 5.8mm with a sensitivity of 90% and a specificity
of 84%. The mean optic disk elevation in subjects with IIH
was 1.2 0.3 mm. Nevertheless, one patient showed no evi-
dence of optic disk elevation in transbulbar sonography but
had signs of papilledema in funduscopy. Corresponding to
previous studies, we found no decrease of the optic disk
elevation after lumbar puncture in the observation period
of 24h.

As a result sonographic ONSD evaluation may be useful
in detecting raised ICP in patients with presumed IIH. Fur-
thermore, our data suggest a potential usefulness of this
technique for monitoring of treatment effects. In addition,
ONSD values and optic disk levels were slightly asymmetric,
reflecting the complex anatomy of the subarachnoidal space
of the optic nerve and its possible influence on the cere-
brospinal fluid dynamics. For this reason we recommend that
each eye should be evaluated separately and mean ONSD
values should be designated for both eyes.

Intracranial hypotension

Predominantly, the relationship of ONSD alterations and
ICP changes was verified in clinical situations with raised
ICP. One case series and one prospective study investigated
the ONSD in spontaneous intracranial hypotension [24,25].
Examining the orbit with T2-weighted MRI techniques, they
observed a collapsed optic nerve sheath.

Dubost et al. published an ultrasound study on ten
patients with postdural puncture headache after lumbar
puncture or epidural anesthesia [26]. Consistent with the
mentioned MRI-results a small ONSD of 4.8 mm was detected
before treatment. After successful therapy with a lumbar
epidural blood patch a marked enlargement of the ONSD
was found. Accordingly, in one patient in whom the interven-
tion failed to resolve the headache they recorded no ONSD
distension.

Recently, we examined a patient with spontaneous
intracranial hypotension due to a cervical cerebrospinal fluid
leakage in our ultrasound laboratory [27]. On admission

transbulbar sonography revealed reduced ONSD of 4.1 mm on
the right and 4.3 mm on the left side. After failure of med-
ical treatment three consecutive targeted epidural blood
patches were performed and a gradual extension of the
ONSD was observed in both optic nerves [right 5.2 mm, left
5.3mm]. In this article we documented changes of ONSD
that were in line with initial clinical improvement and sec-
ondary worsening under conservative treatment and final
improvement after occlusion of the cervical CSF leakage.

Limitations

Many studies on normal values found a relatively wide
interindividual range of ONSD measurements [7,9,12]. Thus,
as described previously absolute measurements of ICP will
not be possible by transbulbar sonography [2]. Furthermore,
with a false-negative rate of approximate 10%, ONSD values
should only be interpreted in conjunction with clinical data
and neuroimaging results.

Killer et al. found a decreased CSF circulation along the
optic nerve in patients with IIH that seems to be a con-
sequence of the complex trabecular architecture of the
subarachnoid space of the optic nerve [23]. They proposed
a compartment syndrome of the optic nerve sheath in sus-
tained ICP elevation, as in lIH. In addition, Hayreh described
varying degrees of communication between the intracranial
subarachnoid space and the optic nerve sheath in different
individuals [1]. This variety of the optic nerve sheath compli-
ance and CSF fluid dynamics may limit the sonographic ONSD
assessment in its value, especially for follow-up examina-
tions, but on the other hand, may possibly allow to identify
individual patients with continuing optic nerve compression
albeit therapeutic lumbar puncture. Thus, studying long-
term changes of the ONSD in different neurological disorders
may be an interesting issue of future investigations.

With respect to the high variation of normal ONSD values
published it is urgently necessary to determine consistent
sonographic data in larger multicenter studies.

Conclusion

In summary, as a noninvasive and cost-effective bedside
method transbulbar B-mode sonography is a promising tech-
nique for clinical neurologists. It may serve as an additional
tool in neurocritical care medicine for detection of raised
ICP. The method is of particular interest in situations when
invasive ICP monitoring is contraindicated or when the
expertise for invasive monitor placement is not immediately
available.

Furthermore, it aids in the diagnostic work-up and in the
follow-up of patients with IIH and in conditions of decreased
ICP.
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