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Raised intracranial pressure (ICP) is a common complication in 
neurocritical care patients. Identifying raised ICP promptly and 
monitoring changes in ICP through the course of the patient’s illness 
are vital to ensuring good clinical outcomes. Various procedures and 
interventions unrelated to the brain have also been recognized to 
increase ICP. Clinical signs are woefully inadequate for diagnosing 
and tracking raised ICP. Traditional imaging techniques, such as 
computed tomography (CT) and magnetic resonance imaging 
(MRI) require transport of the patient, may involve radiation, 
and are not frequently repeatable. They may not be available in 
secondary hospital setups in our country. Invasive ICP measurement 
is continuous and accurate but has its drawbacks of invasiveness: 
procedural skill requirement, infection, and hemorrhage. Ultrasound 
evaluation of the diameter of the optic nerve sheath visualized 
behind the globe with a high-frequency ultrasound probe has been 
recognized to be a good way to detect and track raised ICP.

The anatomical basis of this ultrasound imaging is the fact that 
the meningeal layers of the brain continue around the optic nerve 
up to the globe of the eye. The dural and arachnoid layers fuse to 
form the optic nerve sheath. The subarachnoid cerebrospinal fluid 
(CSF) space around the optic nerve is therefore in continuity with 
the CSF in the chiasmatic cistern. An increase in CSF pressure leads 
to distension of the dura-arachnoid sheath and an increase in its 
diameter. Fibrous trabeculae between the pia and the arachnoid 
ensure that the sheath is tightly bound to the pia for most of 
the length of the nerve with only a potential CSF space.1,2 At the 
termination of the optic nerve, where it meets the globe, the 
trabeculae are more elastic so they allow distension of the optic 
nerve sheath. Thus, the optic nerve sheath distends in response to 
an elevated CSF pressure only from its attachment to the sclera up 
to 6–8 mm behind the globe.3 The point of maximum distension 
is about 3 mm posterior to the globe.

Optic nerve sheath ultrasound can be performed in patients 
who are supine or with the head-end elevated up to 30° with a head 
neutral position. The optic nerve is insonated through the globe by 
placing a high-frequency linear probe over the closed eyelid. Images 
are acquired in axial, parasagittal, and infraorbital coronal planes. 
The optic nerve is visualized as an anechoic stripe posterior to the 
sclera. The sheath appears as a hyperechoic layer on either side of the 
nerve. The optic nerve sheath diameter (ONSD) is measured using 
calipers from the inner surface of the sheath 3 mm behind the globe. 
Measurements are taken in different planes and then averaged.

Although this ultrasound tool was described in 19874 and 
expanded on in 19965, it began to be widely used only after studies 
were published in 2006.6 Since then there have been a plethora of 
publications delving into various aspects of optic nerve ultrasound. 
Each of these looks into one of three domains in ONSD research. 
First, there are several articles looking to emphasize the positive 
correlation between ONSD by ultrasound and raised ICP, detected 

either by invasive measurements7 or by traditional neuroimaging 
such as CT and MRI.8 Meta-analyses of studies done in this domain 
demonstrate very high sensitivity, specificity, positive and negative 
predictive values for ONSD in diagnosing of raised ICP. The second 
domain of focus of ONSD research lies in looking to expand the 
range of applications of ONSD. The range of applications now 
includes preeclampsia, high altitude mountain sickness, idiopathic 
intracranial hypertension, head injury, acute liver failure, and 
ventriculoperitoneal shunt obstruction.9,10 The last domain of 
research focus has been to show how ONSD can change rapidly 
in response to rapid changes in ICP, thus allowing for real-time 
tracking of ICP in response to thecal infusions, lumbar puncture, 
CSF drainage, and procedures such as endotracheal suctioning.11 

Contributing to this last area of research, Kapoor et al. in the 
current issue of IJCCM have studied the changes in ONSD that occur 
during various stages of percutaneous tracheostomy in neurocritical 
care patients.12 These authors have shown that the ONSD rises 
during all stages of percutaneous tracheostomy, though only five 
patients had a rise significant enough to warrant osmotherapy. It 
is important to emphasize here that the differences in measured 
ONSD between various phases of the procedure are insignificant, 
below the minimum detectable difference (the differences are 
very small and are smaller than the magnitude of inter and intra-
observer variation), with significant overlap of standard deviations. 
This means that the differences in ONSD during various stages of 
the percutaneous tracheostomy were insignificant in the majority 
of the studied patients. There is truly little information on whether 
optic nerve sheath US can be used to monitor ICP during procedures 
on neurocritical care patients and the current study attempts to fill 
the wide gap. An important takeaway from this study is that it is 
feasible to monitor ONSD at the bedside during procedures in the 
intensive care unit (ICU). 

If the evidence so strongly suggests that ultrasound ONSD reliably 
diagnoses and tracks raised ICP, why is it not being used more widely in 
day-to-day intensive care practice? One of the most common reasons 
is the inter- and intraobserver variation that we encounter, making it 
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less reliable and reproducible at the bedside. The second reason is 
like all other ultrasound modalities, ONSD is time and labor-intensive.

I believe that to rid us all of our disillusionment with ONSD and 
ensure that patients benefit from this revolutionary way of non-
invasively monitoring ICP, we need to have a four-pronged approach. 

The first approach is to standardize the procedure. We know 
that variations in probe frequency, view, gain, and placement of 
cursors all have an impact on the measured ONSD.13 We need a 
consensus on the correct procedural technique and that points 
to the grade the quality of the image. We need to do this at the 
earliest. This will also reduce the heterogeneity of ONSD research, 
which impairs applicability.

The second step is to stop being obsessed with numbers. A 
lot of unreliability of ONSD stems from the uncertainty around the 
correct placement of the cursors to measure the diameter, especially 
in patients without raised ICP. Moving to a qualitative, pattern 
recognition-based approach to diagnose raised ICP is reliable and 
more reproducible.13 This qualitative approach with the incorporation 
of papilledema greatly increases the ease of diagnosing raised ICP 
by a novice. Quantitative ONSD measurements can be reserved for 
patients with raised ICP to track changes over time.

The last step is to ensure adequate training prior to performing 
ONSD scans. While the number of scans needed to train an 
ultrasound expert has been determined to be 10, novices may need 
25 scans before independent practice. The training needs to focus 
on elucidating the anatomical details of the nerve–sheath–globe 
complex. Particular attention needs to be focused on training in 
identifying possible artifacts, including lamina cribrosa associated 
edge artifacts, and using retinal artery Doppler to identify the 
correct position of the optic nerve.14

Finally, we need more studies that can compare ONSD-based 
treatment regimens with standard treatment to determine if ONSD 
ultrasound results in the improvement of meaningful clinical 
outcomes.

Urgent steps along these lines will ensure that this unique 
window into the brain has its correct and well-deserved place at 
the bedside of a patient with raised ICP.
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