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Elevated intracranial pressure (ICP) is often an emergency condition that requires prompt
intervention.
Measurement of optic nerve sheath diameter (ONSD) with bedside ocular ultrasound is
a noninvasive tool that can be used in resource-limited settings to diagnose and guide
treatment of elevated ICP.
ONSD >5 mm, measured 3 mm posterior to the globe, is associated with elevated ICP.

Oy-ster
c

Failure to diagnose and treat elevated ICP can have a deleterious eﬀect on patient outcomes.

A 31-year-old man with history of ventricular tachycardia presented to the emergency department
with return of spontaneous circulation after cardiac arrest. On initial examination, he had absent
brainstem reﬂexes, including ﬁxed and dilated pupils, and no response to noxious stimuli. Post
cardiac arrest care including targeted temperature management was initiated. His CT scan revealed
diﬀuse cerebral edema, with eﬀacement of the sulci, suprasellar cistern, blurring of the gray–white
matter junctions, and pseudo-subarachnoid hemorrhage, consistent with anoxic brain injury.
Given the evidence of cerebral herniation by examination and the CT ﬁndings, the patient’s
ONSD was measured and found to be increased to 6.6 mm on the left and 6.2 mm on the right
(ﬁgure), consistent with increased ICP. The patient was subsequently treated with hypertonic
saline (5%) with a sodium goal of >140 mEq/L and hyperventilation with a pCO2 goal of
<34 mm Hg. A serial ONSD, recorded 1 hour after these ICP-lowering interventions, showed
normalization of measurements (4.4 mm on the left and 4.8 mm on the right; ﬁgure), suggesting that there had been an interval decrease in ICP.
The patient was admitted to the neurologic intensive care unit (NICU), where he underwent
further ICP monitoring. After rewarming, the patient was found to have an extremely poor
neurologic prognosis and was transitioned to comfort care.

Discussion
Elevated ICP represents one of the most dangerous sequelae of neurologic injury that can
rapidly lead to herniation and death. Prompt diagnosis and monitoring of ICP is critical for
improving the survival and morbidity of these patients. Traditionally, ICP is monitored invasively using intraventricular or intraparenchymal devices. While such measures are sometimes
necessary, they carry signiﬁcant risks, including infection, hemorrhage, and damage to brain
parenchyma.1 Moreover, the use of invasive ICP monitoring generally requires transfer to
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Figure Ocular ultrasound: optic nerve sheath diameter (ONSD) measured 3 mm behind the globe pre and post hypertonic
saline administration

Ocular ultrasound shows ONSD before hypertonic saline administration
in the left (A) and right (C) eye and after
hypertonic saline administration in the
left (B) and right (C) eye. ONSD
decreases after hypertonic saline administration and hyperventilation.

a NICU, which may not be possible in certain hospital systems
or clinical scenarios. On the other hand, measurement of
ONSD through bedside ultrasound can be done with minimal
risk to the patient.2–5 Furthermore, measurement of ONSD
with bedside ultrasound has low intraobserver and interobserver variability, making this examination valuable
when invasive means of monitoring are not available.6 It also
avoids some of the challenges associated with the bedside
funduscopic examination, which is often limited by bright
lights, patient instability, and lack of pupillary dilation. Despite the feasibility and practical applications of bedside ocular
ultrasound, this technique is not routinely used by physicians.
An ONSD greater than 5 mm is considered indicative of
elevated ICP as evidenced by a recent meta-analysis of 6
studies (352 patients), which found that an ONSD >5.0 mm
had a pooled sensitivity of 99% (95% conﬁdence interval
[CI] 96–100) and speciﬁcity of 73% (95% CI 65–80) for
300
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elevated ICP detection as seen on CNS imaging.6 These data
are further evidenced by a recent prospective cohort trial,
which showed that ONSD greater than 5 mm correlated
strongly with ICP greater than 20 mm Hg as measured by
invasive catheter monitoring.7 Of note, ONSD should be
measured 3 mm behind the globe, as it is typically widest at
this segment.8 Moreover, postmortem analysis has shown
that distention of the nerve sheath through iatrogenic ICP
elevation is primarily seen in the anterior segment, prior to
exiting the orbit.8
There is limited research assessing serial ONSD and clinical
outcomes. However, a small randomized prospective study
found that ONSD correlated well with Glasgow Coma Scale
score, and that lower ONSD values, as measured on ocular
ultrasound, were associated with improved neurologic outcomes in the inpatient setting.9 Similarly, in a study of post
cardiac arrest patients in an intensive care unit setting,
Neurology.org/N
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narrower ONSD post arrest day 1 measurements were associated with improved survival.10
This is a unique case of an unstable emergency department
patient where bedside ultrasound measurements demonstrated
a dynamic ONSD size in response to ICP-lowering maneuvers.
It illustrates the utility of ONSD measurement in the management of the critically ill patient to provide a rapid, noninvasive
assessment of increased ICP. While the clinical outcome of our
patient described above was poor, it is possible that serial
assessments of ONSD can be used by physicians to guide
management for elevated ICP in situations when invasive ICP
monitoring is not immediately available or is contraindicated.
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