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ABSTRACT

Ultrasonography is a diagnostic technique that has been used clinically for 30 years. Due to the increased
availability of ultrasound machines as well as the reduction of their size and making them more mobile,
ultrasound has found its place in early diagnosis in emergency medicine settings. One of the important,
however, an underestimated ultrasound examination is the measurement of the thickness of the optic nerve
sheath. The optic nerve is the second cranial nerve, meaning the same sheath surrounds it as the brain. At
the moment of intracranial pressure increase, cerebrospinal fluid flows into the subarachnoid space causing
an increase in intracranial pressure and thus increasing the diameter of the optic nerve sheath. therefore,
ONSD imaging is a quick non-invasive test aimed at detecting and monitoring changes in intracranial pres-
sure. Optic nerve sheath ultrasound is a simple, safe and inexpensive bedside diagnostic test. Ophthalmic

ultrasound usually uses the frequency between 5 and 10.5 MHz to evaluate the eye and the orbit.
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INTRODUCTION

Ultrasound assessment of the orbits is used wide-
ly in the assessment of patients in life-threatening
situations. This method of ultrasound is used in the
assessment of patients after blunt injuries of the eye
and head. In the ultrasound examination, we can
recognize eye rupture, lens displacement, vitreous
haemorrhage or retrobulbar bleeding.

At present, ultrasound is used frequently in the
non-invasive intracranial pressure (ICP) diagno-
sis. For this purpose, the assessment of the width of
the optic nerve sheath is in the retrobulbar segment
[1]. The optic nerve is relatively easy to assess for the
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being part of the nervous system that connects di-
rectly to the brain. The optic nerve is the second cra-
nial nerve and is surrounded by the same sheath as
the brain [2]. When intracranial pressure increases,
the cerebrospinal fluid flows into the subarachnoid
space causing an increase in pressure (enlarging
the diameter) of the optic nerve [3]. Knowing this
relationship, we can indirectly determine intracranial
pressure (ICP) [4].

The assessment of the thickness of the optic nerve
sheath can be performed in patients with blunt head
injuries and unconscious for unknown reasons [5, 6],
or for indeterminate headaches [7]. The test may be
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particularly useful in emergency medical conditions,
including emergency medical service, where a radio-
logical diagnosis is not available [8, 9].

ULTRASOUND EXAMINATION METHODS
The measurement is carried out using an 8-11 MHz
high-frequency linear transducer. Of course, if such
a transducer is unavailable, any available linear probe
may be used. Regardless of the frequency range of
the transducer in use, it is important to remember
to increase the frequency (higher Hertz number)
on the device to increase the probe resolution. The
depth of penetration on the device (Depth) is set at
about 3.5-4 cm, with the device displaying on the
monitor screen 1.5-2 cm from the posterior wall of
the orbital globe.

The patient should be on his or her back or in
a semi-sitting position; this is important as the gel
has a relatively thin consistency and may run down
in a vertical position. During the examination, the
patient’s eyelids must be closed, because a trans-
ducer will be applied directly to them. The eye of
the patient can also be protected with “veneer” so
that the gel does not get under the eyelid. Gel pad
(spacer) can also be used, thanks to which the gel
will not have contact with the patient’s eyelids. The
method is optional; however, we must remember
the fundamental principle that there must be no
air between the probe and the eyelid which would
prevent imaging. The structure of the eye is per-
meable to ultrasonic waves so that the test can be
performed with high accuracy every time. The test
time should not exceed one minute.

The transducer should be gripped gently (just
like a pencil) and applied gently and evenly in one or
two planes to the eye. Pressure should be controlled
to avoid any possible injury to the eyeball. A simple
method to control the degree of pressure is to lightly
support one’s finger on the subject’s nose, which
will allow an easily maintained correct distance.
If the patient is conscious, ask the patient to look
straight ahead during the examination.

Measure the diameter of the optic nerve using
the "3 X 5" principle meaning that the calculation
is made 3 mm from the posterior wall of the orbital
globe, where 5 mm means an impassable limit of
the correct width of the optic nerve with the capsule
(Fig. 1). The correct diameter of the optic nerve for
an adult does not exceed 5 mm, for a child 4.5 mm,
and for infants 4 mm.

FIGURE 1. Optic nerve (OND) and optic nerve sheath (ONSD)

FIGURE 2. Central retinal artery

The optic nerve diameter (OND) is represented
on the image as a hypoechogenic structure (darker
than the environment). The optic nerve sheath di-
ameter (ONSD) is brighter than the optic nerve but
still darker than the surrounding tissues.

If there is a problem with the location of the
nerve, coloured Doppler may be used (Fig. 2). Ana-
tomically, the artery and vein of the retina run inside
the optic nerve; information marked with colour
will allow for precise determination the position of
the nerve.

The method is simple and provides accurate
information although it is not always possible to
perform (Fig. 3). Results may appear distorted by
alcohol, drugs, orbital wounds, optic nerve atrophy,
eye injuries, or optic neuritis.

CONCLUSIONS
As Karami indicated, ultrasound methods have been
proposed as a safe alternative technique for invasive
ICP measuring methods [10]. Other researchers also
came to similar conclusions [11-13].

As indicated by Betcher, optic nerve sheath
measurement can be accurately performed by nov-
ice ultrasonographers after a brief training session
[14]. Szarpak et al. also indicated that ultrasound
examination of the optic nerve is a simple measure
of intracranial pressure and can be performed with
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FIGURE 3. The method of applying the ultrasound head: (A) Axi-
al View; (B) Sagittal View

high efficiency by paramedics after a short train-
ing [15]. The optography examination of the optic
nerve should be considered as a routine indirect
method of intracranial pressure measurement. It
has a high predictive value. Shirodkar et al. found
a positive correlation between ocular ultrasonogra-
phy and magnetic resonance imaging of ONSD [16].
In turn, Yesilaras et al. indicated that in patients with
spontaneous subarachnoid haemorrhage (SAH), the
optic nerve sheath diameter measured in the orbital
sections of a non-contrast head computed tomogra-
phy is strongly correlated with a SAH diagnosis [17].
Badamoe Zeiler et al. [18] suggests a significant
finite learning curve associated with ONSD meas-
urements.
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