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Appearance of the Optic Nerve Sheath Diameter
(ONSD) using Higher Frequency Linear Probes in

Detection and Monitoring of Raised Intracranial
Pressures-A Cadaveric Study

ABSTRACT

Introduction: Trans-bulbar ultrasonography of Optic Nerve
Sheath Diameter (ONSD) is increasingly used to detect raised
Intracranial Pressures (ICP). Current guidelines for measuring
ONSD are based on earlier descriptions of anatomy of optic
nerve sheath using a 7.5 MHz linear probe. There is wide
variation in the cut-off value of an abnormal ONSD, mostly
due to an edge artefact around the dura and uncertainty over
placement of measurement cursors.

Aim: To describe the detailed anatomy of the appearance of
ONSD on cadaveric simulated models using a higher frequency
probe.

Materials and Methods: A 20G intravenous cannula was
inserted into the subarachnoid space around optic nerve of nine
embalmed cadavers and the space gradually insufflated with
saline to mimic raised ICP. Axial and lateral ultrasonography of
ONSD was done using a high frequency 13 MHz transducer,
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INTRODUCTION

Identification and monitoring of raised ICP is absolutely essential
in several clinical scenarios in the emergency and intensive care
units. Raised ICP is often a predictor of poor prognosis. Several
non-invasive methods are available to detect raised ICP, the
simplest being examination of the fundus with an ophthalmoscope
for evidence of papilledema. This often requires an experienced
physician. Raised ICP is usually not diagnosed during the early
phase, as papilledema appears much later requiring sustained
elevations of intracranial pressures. CT (Computer Tomography)
and MRI (Magnetic Resonance Imaging) of head can be done to
detect raised pressures, but this requires the transfer of a critically ill
patient on support systems to the CT/MRI room. CT and MRI may
often not be available in resource poor settings [1,2].

The subarachnoid space around the brain extends along the optic
nerves to the posterior aspect of the globe where the duramater
becomes continuous with the sclera. Few authors have studied the
morphometry of optic nerve and its surrounding sheath-the average
length of optic nerve is about 40 mm; it's diameter including the
dural sheath is 4 mm,; the dural sheath itself is 0.4 mm in diameter;
the subarachnoid space around optic nerve has an average
width of 0.1 mm and contains about 0.1 mL of cerebrospinal fluid
[1,3-5]. In conditions of raised ICP, CSF tends to accumulate in the
subarachnoid space around the optic nerve. Sustained pressures
cause stretching of the dural sheath and widening of the ONSD.
This widening is reported to significantly widen the anterior segment
of optic nerve sheath with little or no dilatation of the posterior
segment [1,3,6].
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before and after insufflation of the space. The ultrasonic
appearance of optic nerve sheath at normal and increased
intracranial pressures was studied.

Results: At normal pressures, the true subarachnoid CSF space
was either not visible or seen as a thin sliver of anechoic space.
At elevated pressures, this space appeared as an anechoic
triangular or semi lunar space with scattered trabecular echoes
on either side of anterior optic nerve in axial and longitudinal
scans. Edge artefacts are easily appreciated.

Conclusion: High frequency ultrasound probes (13 MHz) easily
guide identification of duramater, distinguish edge artefacts
and observe changes in appearance of subarachnoid space in
elevated ICP. This would help in precise bed side monitoring
of raised ICP especially in resource poor settings. Images
described here can be a useful tool to educate and train ICU
and emergency care providers.

Trans-bulbar ultrasonography of the ONSD is now increasingly
used to detect raised ICP in the emergency and intensive care units
[1,7-13]. Trans-bulbar sonography is quick, non-invasive and easily
affordable. However, the current guidelines for measurement of
ONSD are based on the sono-anatomy described in studies using a
7.5 MHz linear probe [6,9].

Hence, there is a need to revisit the sono-anatomy of the optic
nerve sheath, in normal individuals and those with raised intracranial
pressures using currently available, better quality, highly ubiquitous,
high frequency probes (>12 MHz). We determined to describe the
appearance of the true dura, differentiate it from edge artefacts,
delineate the subarachnoid space, and observe the changes in the
ultrasonic appearance of subarachnoid space and ONSD in cadaver
orbital preparations with simulated raised subarachnoid pressure.

MATERIALS AND METHODS

This experimental study was done over a period of six months from
Jan 2016-June 2016 and permission obtained from the institutional
review board (IRB no. 10454). The study design is a pre-post
subtype of experimental (interventional) study, where comparison
is made before and after an intervention, in this case artificially
simulated raised intracranial pressures.

The cadaveric study was done in the dissection lab of Department of
Anatomy, Christian Medical College, Vellore. Inclusion criteria were:
cadavers with intact eye globes and periorbital soft tissue content,
with intact meningeal sheathes around the optic nerve. Exclusion
criteria were: those cadavers in which the eye globe was removed
for eye donation purposes or those with damaged meningeal
sheaths around the optic nerve.
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Nine embalmed cadavers donated to the department of anatomy
under the body donation program were chosen. After removing
the scalp, the vault of skull was opened using a fine hand saw 1
cm above the superciliary arch in front and the external occipital
protuberance posteriorly, and the brain was carefully removed. The
optic nerve was bisected at its junction with the chiasma. The bony
roof of orbit and optic canal was carefully removed to expose the
orbital contents and optic nerve. The posterior end of the optic
nerve was released from the bony optic canal. The subarachnoid
space around the cut end of optic nerve was identified and a 20G
intravenous cannula was inserted into the subarachnoid space. The
proximal end of the optic nerve together with the cannula was tightly
ligated. The cannula was connected to a stopcock and a syringe (5
cc) filled with normal saline (0.9%).

The entire head and neck section was immersed in water for the
ultrasound study to prevent interference from air pockets in the
orbital tissues. Scans were performed under water using a 13 MHz
linear transducer (Sonosite Micromaxx®). Axial and lateral ultrasound
measurements were taken before and after insufflating the space
with fluid under increasing pressure. Axial scans were performed
with the transducer on the eyelids directed posteriorly. Longitudinal
scans were performed with the transducer placed longitudinally on
the superior aspect of the optic nerve and the adjacent part of the
globe. In both views, the subarachnoid space was insufflated by
injecting it gradually with saline from a syringe. Measurements were
made with electronic calipers on images before and after insufflation
at a fixed landmark (0.30 cm or 3 mm) behind the optic nerve head
or papilla. Images were captured using the ultrasound and colour
modifications were made to denote the subarachnoid space before
and after insufflation. Subsequently, scans were repeated after
removal of dural layer on one side of the optic nerve. As this study
dealt with the ultrasonic appearance of the perineural subarachnoid
space, the widening of ONSD and changes in its appearance pre-
and post-insufflation are accurately described.

RESULTS

We present several descriptive images using axial, lateral and
longitudinal scans using a 13 MHz probe. The pia and dura-
arachnoid may appear as one layer at normal CSF pressures.
The true dura could be identified by tracing its curvature away
from the optic nerve head and merging with the scleral layers,
while the pia-arachnoid arcs inwards towards the optic nerve
head [Table/Fig-1,2].

Pia arcing medially

‘f '_—7

Dura arcing
b outward to meet
sclera
[Table/Fig-1]: The true dura-arachnoid can be identified by tracing its curvature
away from the optic nerve head where it merges with the sclera, while the pia arcs
inwards towards the optic nerve head.
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[Table/Fig-2]: The image traces the dura and pia forwards. The edge artefact can
also be seen. A minimal amount of CSF in the subarachnoid space is seen near the
optic nerve head.
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At normal pressures, the true subarachnoid CSF space was either
not visible or seen as a thin sliver of anechoic space [Table/Fig-3].
At elevated CSF pressures this space was clearly seen as an
anechoic triangular or semi lunar space with scattered trabecular
echoes on either side of the anterior optic nerve [Table/Fig-3]. The
widening of the ONSD is also clearly seen in [Table/Fig-3,4]. The
distensibility of this space was maximal 3 mm behind the papilla.
The subarachnoid space tapered posteriorly 6-7 mm behind the
papilla. This is in contrast to edge artefacts which maintain their
thickness or widen posteriorly. A thin anechoic edge artefact could
be seen separating the dura from the echogenic fat, particularly at
normal CSF pressures [Table/Fig-2].
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[Table/Fig-3]: a) At normal pressures, the true subarachnoid CSF space; b) A thin

anechoic edge artefact can be seen separating the dura from the echogenic fat; at
elevated CSF pressures the subarachnoid space.

A 0.30cm A 0.30cm

[Table/Fig-4]: Longitudinal scans show the subarachnoid space and ONSD in the
pre- and post-insufflated state. ‘A’ represents the fixed landmark (0.30 cm or 3 mm)
behind the optic nerve head or papilla where measurements of ONSD was taken.
‘B’ represents the marked widening of the ONSD from 0.47 cm in the pre-insufflated
state to 0.61 cm post insufflation with saline to mimic raised intracranial pressures.

Longitudinal scans were performed with the transducer placed
longitudinally on the superior aspect of optic nerve and adjacent
part of the globe. The widening of the subarachnoid space and
ONSD can be clearly appreciated while insufflating with saline
[Table/Fig-4].

DISCUSSION

Identification and monitoring of raised ICP is crucial, urgent and
lifesaving in several medical emergencies. Examination of the fundus
using an ophthalmoscope is perhaps the simplest way of diagnosing
raised pressures. CT and MRI of head can also be done but is
inconvenient, requiring the transfer of a critically ill patient on support
systems [1,2]. Trans-bulbar ultrasonography of the ONSD can be
done at the bedside, is quick, non-invasive and easily affordable.
However, the ultrasonic appearance of optic nerve, its sheath and
the subarachnoid space using high frequency probes (>12 MHz)
has not been described adequately. The best descriptions are those
by Hansen and Helmke in 1996 using a 7.5 MHz probe, and the
current guidelines for measurement of ONSD are based on them [6].

Though ONSD has been well evaluated, there is no consensus on
the cut-off value of an abnormal ONSD indicating raised ICP. There is
considerable inter-individual variation in the threshold measurement
of ONSD in literature [Table/Fig-5] [7,14-19].

[Table/Fig-5] shows the wide variation of ONSD in patients with
raised ICP and their controls. Most of these studies have used
ultrasonic probes with 7-10 MHz frequencies. [Table/Fig-6] shows
the wide variation of ONSD in normal healthy adults [20-23]. Three
possible causes of wide variations in ONSD cutoff include: a) Use
of lower frequency probes-Technology has rapidly progressed over
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Optimal cut axes described in this study can also be a useful tool to educate
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