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Ultrasonographic measurement of optic nerve sheath diameter (ONSD) has been
validated to detect and monitor the increased intracranial pressure (IICP) in neurosurgical field. Especially, the ONSD has been known to reflect well the ICP in case
of intracranial hemorrhage (ICH) occurring in the anterior circulation of intracranial
vascular system, however it has not been well elucidated the role of ONSD in the
posterior circulating vascular problems. A 43-year-old man presented with a subarachnoid hemorrhage with intraventricular hemorrhage due to rupture of dissecting
aneurysm at right vertebral artery, and immediately performed the stent-assisted
coil embolization. Two day after coil embolization, he became nearly alert without
definite neurologic deficits. The ONSD was reduced from 5.8 mm to 5.5 mm. The
10th postoperative days, the patient suddenly changed into stuporous mentality due
to rebleeding of aneurysm. The ONSD was enlarged to 6.7 mm. We report a case of
intimate relationship between ONSD and IICP after rupture of dissecting aneurysm
located in posterior circulation.
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Accurately measuring changes in intracranial pressure (ICP) has become a very important issues in the clinical setting for the diagnosis and management in neurosurgical field. There are multiple techniques and several devices to measure ICP: invasive
and noninvasive.6) When neurosurgical treatment is needed to control the increased
ICP (IICP), ICP measuring can be undertaken in several anatomical spaces by putting the devices into the spaces: intraventricular, intraparenchymal, epidural, subdural, and subarachnoidal.6)14) However, as non-invasive neurosurgical treatment such
www.the-jcen.org

287

Real-time change of optic nerve sheath diameter

as coil embolization has recently been developed and expanded, non-invasive methods of measuring serial ICP
during operation have become increasingly necessary.
Optic nerve sheath diameter (ONSD) has been explored as an indirect and alternative diagnostic method
for detection of IICP.4)10)16)17) Helmke and Hansen first
introduced the correlation between intracranial hypertension and increase of ONSD, as measured with a linear ultrasonography.7) Anatomically, optic nerve is surrounded by arachnoid membrane, the inside of which is
filled with the cerebrospinal fluid (CSF). Under normal
ICP, adequate CSF flows around the optic nerve, but in
the case of an IICP, the ONSD get bigger and bigger as
the CSF fills the subarachnoid space.
Because the optic nerve is mainly located in anterior
cranial fossa, ONSD can well reflect the ICP in case of
intracranial hemorrhage (ICH) occurring in the anterior
circulation of intracranial vascular system,11) however
there has not been known whether IICP from the posterior circulation system quickly and accurately reflect the
real time change of the ONSD or not. Although the basal cisterns were connected each other, the cerebrum and
cerebellum were separated by tentorium. I wondered
how the IICP caused by posterior circulation lesion affects the ONSD.
We report a case of intimate relationship between
ONSD and IICP after ruptured dissecting aneurysm located in posterior circulation.

Case Illustration
A 43-year-old previously healthy man patient was presented to emergency department due to stuporous mental change after sudden headache. He had no history of
trauma or medication. Brain computed tomographic
(CT) scan showed a subarachnoid hemorrhage (SAH)
in perimesencephalic and ambient cisterns mainly and
intraventricular hemorrhage (IVH) at both lateral and
4th ventricles due to aneurysmal rupture in right distal
vertebral artery (VA) (Fig. 1A, B). Digital subtraction
angiography (DSA) revealed a broad-necked small aneurysm with triangular shape in the right VA, indicating
a spontaneous dissecting aneurysm (Fig. 1C). The size
288

of aneurysm measured 3.5 (width)×2.7 (height)×3.6 mm
(neck). I planned the stent-assisted coil embolization
to save the posterior inferior cerebellar artery (PICA)
emerging at opposite site of dissecting aneurysm in right
vertebral artery. I checked the bilateral ONSD of patient
and measured average 5.7 mm preoperatively.
After guiding catheter insertion, a microcatheter was
placed through the dissection segment in the right VA.
The other microcatheter was guided into the small sac of
the dissecting aneurysm carefully. After making a frame
with detachable coil 2.5×35 mm, the Enterprise stent
(CERENOVUS, Irvine, CA, USA) 4.5×23 mm was deployed to cover the broad aneurysm neck. Subsequently,
detachable coils 2×30 mm and 1×30 mm were inserted
into the aneurysm, but a portion of the last coil loop was
protruded into the VA. Double overlapping stent assisted coil embolization was performed successfully using
Enterprise stent 4.5×23 mm, resulting in complete aneurysmal occlusion (Fig. 1D).
Immediately after coil embolization, I checked the bilateral optic nerve sheath diameter (ONSD) and it was
measured average 5.8 mm (Fig. 2A). Subsequently, the
patient was transferred to the intensive care unit and
lumbar puncture was done to measure ICP and drain
the CSF. The ICP was measured at 37 cmH2O.
Postoperative 2 day after coil embolization, he became
nearly alert without definite neurologic deficits. The
ONSD was reduced from 5.8 mm to 5.5 mm (Fig. 2B).
The 10 th postoperative days, the patient suddenly
changed into stuporous mentality. In order to rule out
whether the cause of mental change was an IICP or epileptic seizure, the ONSD was measured before arranging
the CT chamber. It was measured 6.7 mm (Fig. 2C).
Brain CT scan showed a more increased subarachnoid
hemorrhage (SAH) in perimesencephalic and ambient
cisterns and intraventricular hemorrhage (IVH) at 4th
ventricles and cisterna magna mainly (Fig. 3A). There
was no reopening of aneurysm sac, however, fusiform
dilatation was seen on the right distal VA about 12 mm
length×4.3 mm width, suggesting that dissection of VA
had progressed on cerebral angiography (Fig. 3B). The
patient underwent emergent trapping of VA dissection
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Fig. 1. (A, B) A 43-year-old man presented with subarachnoid hemorrhage and intraventricular hemorrhage due to ruptured aneurysm at
vertebral artery (VA) on CT angiography. (C) Digital subtraction angiography (DSA) revealed a broad-necked small aneurysm with triangular
shape in the right VA, indicating a spontaneous dissecting aneurysm. (D) Double overlapping stent assisted coil embolization was performed
successfully using Enterprise stent 4.5 x 23 mm, resulting in complete aneurysmal occlusion.

using detachable coils (Fig. 3C). In order to control IICP,
subsequent emergent extraventricular drainage (EVD)
catheter insertion was done after trapping. I checked the
elevated ICP of 40 cmH2O. The 13th postoperative days,
ONSD on US was measured average 6.6 mm (Fig. 2D).

ONSD measurement protocol
The ultrasonographic measurement was carried out
by two neurosurgeons. The ONSD measurement was
performed approximately 3 minutes prior to and after
coil embolization. The ONSD was measured with the
handheld ultrasound (Vscan Extend, GE Healthcare,
NY, USA), using a broad-bandwidth linear array probe
with 3.3-8.0 MHz. The patient was examined in a supine
position. To protect the eyeball cornea, thin and soft
transparent silicone tape was applied to periorbital skin

(Fig. 4). The probe was gently placed on the mid-portion eyelid with ultrasound gel. In order to detect the
suitable angle to display the ONSD into eyeball, the
probe was adjusted several times. The Vscan Extend has
a mode that supports the requirements of ophthalmic
sonography. ONSD measurements were performed at a
depth of 3 mm behind eye globe. The first measurement
was performed in the transverse section and the second
measurement was performed in the vertical section. The
reported diameter was calculated by mean of the values.

DISCUSSION
Non-invasive technique such as transcranial doppler
(TCD), tympanic membrane displacement (TMD) and
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Fig. 2. Measurements of optic nerve sheath diameter in a 43-year-old man with subarachnoid hemorrhage due to dissecting aneurysm at
vertebral artery. (A) US showed the enalarged optic nerve sheath diameter (ONSD) in first visit day. (B) In postoperative 2 days, the ONSD on
US was decreased from 5.7 to 5.5 mm. (C) Postoperative 10 days of aneurysm rebleeding, emergent US measured value of ONSD increased
to 6.7 mm. (D) Postoperative 13 days, ONSD was measured 6.6 mm.
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Fig. 3. (A) The 10th postoperative days, Brain CT scan showed a more increased subarachnoid hemorrhage (SAH) in perimesencephalic and
ambient cisterns and intraventricular hemorrhage (IVH) at 4th ventricles and cisterna magna mainly. (B) Fusiform dilatation was seen on the
right distal VA about 12 mm (length)×4.3 mm (width), suggesting that dissection of VA had progressed on cerebral angiography. (C) The patient underwent emergent trapping of VA dissection using detachable coils.

ultrasonography (US) have been applied to detect IICP.
The reasons why the study to measure the ICP using US
is continuously developed, are able to easily and rapidly
check the IICP in emergency situation and to predict the
real time change of IICP.
Because the optic nerve and sheath are contiguous
with the brain and formed by the dura mater anatomically, cerebrospinal fluid (CSF) can move freely through
290

the subarachnoid spaces (SAS) of intracranial areas.
These SAS expand in intraorbital areas. IICP leads to a
shift of CSF into the ONS, subsequently resulting in anterior portion enlargement of ONS due to CSF accumulation.7)8)13) Therefore, ONSD was assessed 3 mm behind
the optic globe.
Blaivas et al. first demonstrated a close correlation
between enlargement of ONSD on ocular US and IICP
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Fig. 4. Measurement of the diameter using optic nerve ultrasonography. Gentle apposition of the linear probe on the patient’s closed eyeball
under general anesthesia.

on head CT.3) As many studies have been conducted on
IICP-related ONSD using US, the more than 5.2 mm
has been accepted as a cutoff value of IICP.1)5)9)12)15) In the
study for Korean population with moderate hematoma,
an optimal cut-off value of ONSD for detecting IICP
was 5.6 mm.8)
There is controversy over whether it is well reflected in
patients with aneurysmal SAH. Yesilaras et al. reported
that assessment of ONSD in head CT taken with spontaneous SAH suspicion may contribute to the diagnoses of
spontaneous SAH.17) Also, in the study by Lee et al., the
ONSDs of aneurysmal SAH patients with poor neurological outcome were significantly greater that those
with a favorable neurological outcome, meaning that
ONSD has the prognostic value in patients with SAH.11)
However, in contrast, recent studies have reported that
the ONSD may not reflect IICP in patients with aneurysmal SAH.18) Bauerle et al. reported that 27 patients

with acute aneurysmal SAH did not show any correlations between ONSD by US and IICP.2) In a study of 20
patients with aneurysmal SAH by Zoerle et al., ONSD
measurements using US were related poorly to the ICP
measured directly and simultaneously through ventricular catheters.18) Two studies explained two possible reasons. First is an impaired retraction capacity of the ONS
after severe ICP exposure more than 45 mmHq. Second
is a restricted CSF circulation along the optic nerve
sheath.2)
Researches on how well the ONSD reflects ICP is
still ongoing. The factors affecting correlation are not
well known. In this study, the ONSD reflected well the
change of real time ICP even in the case of aneurysmal
SAH happened in the posterior circulation vascular system. If neurosurgeon can easily, quickly and accurately
predict the ICP through US, rapid and optical management may be possible. First, it can be of great help in the
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initial discrimination of causes of mentality change that
occur after treatment, whether it is due to an increase
of ICP or a change in consciousness due to secondary
causes such as medical problems and epilepsy. In this
case, I could get help promptly through US that the
ICP was elevated by quickly checking ONSD before the
CT exam. Second, the change of ICP can be predicted
through real-time change of ONSD through US. In particular, it is thought that it is possible to rapidly control
the ICP through hybrid surgery when the cerebral aneurysm ruptured during endovascular coiling and the ICP
increased above the cut-off value.
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CONCLUSIONS
ONSD measurement using Hand-held US is rapid and
efficient method to evaluate IICP caused by the posterior circulating vascular problem in emergent situation.
More studies are needed to determine whether there is
a correlation between IICP and ONSD in patients with
SAH.
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