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Optic nerve sheath diameter: A novel way to monitor 
the brain

Seelora Sahu, Amlan Swain

Abstract

Measurement and monitoring of intracranial pressure is pivotal in management of brain injured patients. As a rapid 
and easily done bed side measurement, ultrasonography of the optic nerve sheath diameter presents itself as a 
possible replacement of the conventional invasive methods of intracranial pressure management. In this review 
we go through the evolution of optic nerve sheath diameter measurement as a novel marker of predicting raised 
intracranial pressure, the modalities by which it can be measured as well as its correlation with the invasive methods 
of intracranial pressure monitoring.
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neurological injury.[5] While in some patients intracranial 
hypertension could be an indicator of overwhelming 
and irrecoverable brain injury, the argument in favour 
of actively treating raised ICP is derived primarily from 
the overwhelming evidence indicating lesser mortality in 
patients in whom intracranial compliance dysregulation 
is actively managed.[6]

The past 50 years have seen an active and wide‑ranging 
research in the causes and consequences of raised ICP 
and have simultaneously engaged in such diverse 
disciplines such as neurosurgery, anaesthesia, radiology, 
biophysics, electronic and mechanical engineering, 
mathematics and computer science. This interest has not 
just been in monitoring pressure alone but also in using 
information derived from pressure monitoring to help 
in predicting outcomes and planning the management 
for brain‑injured patients.[7]

The Brain Trauma Foundation advocates ICP 
monitoring in all cases of traumatic brain injury (TBI) 
with a Glasgow Coma Scale score between 3 and 8 
and an abnormal computed tomography  (CT) scan 

INTRODUCTION
Since the landmark study of Lundberg underlining the 
significance of intracranial pressure  (ICP) monitoring, 
there have been umpteen studies on the importance 
of raised ICP and its association with mortality and 
morbidity in neurologically injured patients.[1] Elevated 
ICP is a challenging and potentially fatal complication 
of acute head trauma in patients who present to the 
emergency department.[2,3] Poor intracranial compliance 
causes herniation of portions of brain over the dural 
membranes, ultimately resulting in uncal, central, 
transtentorial and downward herniation syndromes 
with catastrophic consequences.[4] There is considerable 
evidence to indicate ICP as an important independent 
variable, significantly related to outcome in patients with 
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(scan showing haematomas, contusion, swelling, 
herniation or compressed basal cisterns).[8,9] Patient 
outcome was poor when ICP exceeded 22 mmHg 
while an improved outcome was reported when 
ICP was maintained below 15 mmHg.[10,11] Saul and 
Ducker were amongst the first to suggest that early 
and aggressive treatment of modest rise of ICP has 
the potential of avoiding its deleterious sequelae.[11] 
Contant et al. found that critical values independently 
related to poor outcome were ICP  >25 mmHg, mean 
blood pressure (BP) <80 mmHg and cerebral perfusion 
pressure <60 mmHg.[12]

DISCUSSION

Measurement of intracranial pressure
The advent of routine direct monitoring of ICP began 
in 1960 and is credited to Lundberg, who described 
the method of directly monitoring the fluid pressure in 
the ventricle.[1] The next milestone in ICP monitoring 
came in 1973 with the introduction of the subarachnoid 
screw  (bolt), which led to the development of other 
methods of monitoring ICP, including the subdural cup 
catheter, extradural monitors and the fibre‑optic catheter. 
Since then, owing to the development of catheter‑tip 
pressure transducers, parenchymal monitoring has 
also evolved. Each type of device, depending on 
the intracranial location and method of pressure 
transduction, has its advantages and disadvantages.[13] 
The methods of measuring ICP can be classified as either 
invasive or non‑invasive.

Invasive methods to monitor ICP include devices such 
as an intraventricular catheter, extraventricular drain, 
intraparenchymal probes and subarachnoid bolts.[7,14] 
The intraventricular monitoring of ICP is considered as 
gold standard for ICP measurement.[15] While invasive 
methods of ICP monitoring give the advantage of 
precise and accurate measurements, placement of 
intra ventricular drain is associated with numerous 
complications such as difficult placement, haemorrhage, 
infections, incorrect placement as well as those related 
to sudden decompression.[16‑18]

The idea of a non‑invasive method of measuring 
ICP is captivating, as complications seen in relation 
to the invasive methods of ICP measurement such 
as haemorrhage and infection are then avoidable.[19] 
The non‑invasive methods of monitoring ICP which 
have evolved over time include modalities such as 
optic nerve sheath diameter  (ONSD) measurements, 
tympanic membrane displacement, transcranial Doppler 
ultrasonography  (USG), transcranial ultrasound 
propagation, measurements of the dielectric property 
of the cranium, magnetic resonance imaging  (MRI) 
and magnetic resonance angiography, computerised 

tomography scans, quantitative pupillometry and 
opthalmodynamometry.[19]

Optic nerve sheath diameter
The fact that the optic nerve sheath is an extension 
of the dura mater enclosing the optic nerve up to the 
back of the eye was established as early as 1780 by 
Zinn and Wrisberg in their ‘Descriptio anatomica oculi 
humani’.[20] However, it was only at the fag end of 
the previous century when it became established that 
changes in the ONSD reflect alterations in the ICP. This 
startling discovery was attributed to be a consequence 
of subarachnoid fluid inside the optic nerve sheath 
being in direct continuation with the subarachnoid 
fluid of the intracranial compartment. The optic nerve, 
as the part of central nervous system, is covered by 
a leptomeningeal sheath, which is expandable in the 
anterior segment, behind the globe [Figure 1]. When ICP 
rises, cerebrospinal fluid (CSF) is pushed towards the 
tiny rim of subarachnoid space between the sheath and 
the nerve, causing an expansion of the dural covering. 
These changes are more marked in the anterior part 
of the nerve sheath behind the globe.[21] As with any 
physiological change, the ONSD changes dynamically 
with changes in ICP.[21]

It was Hayreh who demonstrated the presence of a 
constant communication between the subarachnoid 
space of the optic nerve sheath and the intracranial 
cavity while studying rhesus monkeys in 1968.[22] He 
also showed the utility of ultrasound in documenting the 
phenomenon of alterations in the diameter of the optic 
nerve sheath with consequent changes in intracranial 
CSF pressure. Two decades later, Hansen and Helmke 
conducted a prospective interventional study by placing 
spinal needle at two levels in patients presenting for 
regular scheduled lumbar puncture to remove CSF.[23] 

Figure 1: A cross‑section of the optic nerve. The subarachnoid space 
separates the optic nerve from the optic nerve sheath (a) the normal 
state. (b) After dilatation of the optic nerve sheath as a consequence 
of increased cerebrospinal fluid pressure in the subarachnoid space. 
CSF: Cerebrospinal fluid, ICP: Intracranial pressure

b
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By removing and infusing liquid into the subarachnoid 
space, measuring CSF pressure changes and performing 
ultrasound examinations of the optic nerve sheath, they 
were able to demonstrate a direct relationship between 
increasing ICP and dilation of the optic nerve sheath. The 
effect seemed to plateau at an ONSD of just over 7 mm. 
This phenomenon was reversed when ICP was lowered 
by removing excess CSF. They also went on to specify 
the exact depth at which to measure the ONSD for it to 
be the most accurate reflection of changes in the ICP and 
established that the ONSD experienced wider changes 
at a depth of 3 mm front the globe as compared to any 
other part of the optic nerve.[23]

Optic nerve sheath diameter measurements
The ONSD can be measured by CT, MRI and USG 
[Figures 2 and 3].

Optic nerve sheath diameter by computer 
tomography
The diagnostic accuracy, reproducibility of ONSD 
measurement by CT scan and its correlation with ICP 
have been demonstrated in many studies in patients 
with normal as well as raised ICP.[24,25] A recent study 
on 300  patients revealed the normal ONSD to be 
4.94 ± 1.51 mm on the right side and 5.17 ± 1.34 mm on 
the left side, at 3 mm depth from the eye globe.[26]

Sekhon et al. found ONSD to correlate well with invasive 
ICP in severe TBI cohort with a low interobserver 
variability.[27] Using 6 mm cut‑off, the area under curve 
was 0.83  (95% confidence interval  [CI]: 0.73–0.94), 
with positive predictive value of 67% and negative 
predictive value of 92%. They concluded that ONSD 
measurement by CT was a much stronger predictor 

of ICP (R2 of 0.56) compared to other CT features 
(R2 of 0.21).[25] The same group consequently found 
that risk of in‑hospital mortality doubled with each 
1 mm increase in ONSD (odds ratio: 2.0, 95% CI: 1.2–3.2, 
P = 0.007).[27]

Optic nerve sheath diameter by magnetic 
resonance imaging
The ONSD dimensions measured by MRI have 
been reliable in predicting ICP as reported by recent 
studies. Geeraerts et al. found that ONSD measured by 
conventional brain T2‑weighted MRI correlates with 
invasive ICP.[28] They have demonstrated that an enlarged 
ONSD was a robust predictor of raised ICP with an area 
under Receiver Operating Statistic (ROC)  curve equal to 
0.94. An ONSD <5.30 mm was unlikely to be associated 
with raised ICP, whereas an ONSD above 5.82 mm was 
associated with a 90% probability of raised ICP.[28]

Ultrasonography of the optic nerve sheath
Optic nerve sheath ultrasound is a simple, safe, 
inexpensive, bedside diagnostic test analogous to the 
measurement of BP and has the potential to replace 
invasive ICP monitoring in cases of raised intracranial 
hypertension. Ophthalmic ultrasound typically uses a 
frequency between 5 and 10.5 MHz to evaluate the eye 
and orbit.[29]

Helmke and Hansen used ultrasound in cadavers to 
prove that in the area just behind the eyeball, elevated 
pressure can increase the sheath diameter by >50%.[30] 
In another study, the same authors used intrathecal 
infusion tests to prove that the ONSD varies with 
alteration of lumbar CSF pressure.[31] A similar study 
was done by Tamburrelli et  al., who showed that the 

Figure 2: Axial films of magnetic resonance imaging images showing 
optic nerve sheath diameter measurements. The figure shows the 
measurement by electronic calipers in millimetres. 1 and 3 measure 
the distance from the eyeball at which the optic nerve sheath diameter 
measurement is taken. 2 and 4 measure the optic nerve sheath 
diameter at a depth of 3 mm from the eye ball

Figure  3: Ultrasonography image of optic nerve sheath diameter 
measurement. The figure shows the ultrasound measurement of optic 
nerve sheath diameter in centimetres. The caliper ‘A’ measures the 
depth (from the eyeball) at which the optic nerve sheath diameter 
has to be measured  (3  mm). ‘B’ measures the optic nerve sheath 
diameter (7.5 mm) at this depth
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optic nerve sheath begins to expand when the diastolic 
ICP is increased to >13–14 mmHg.[32] Beyond that point, 
a linear correlation is seen between the enlargement 
of the optic nerve sheath and simultaneous increases 
in ICP. These changes in the optic nerve sheath occur 
before changes in the nerve are visible on fundoscopic 
examination. Using 4.5 mm as the cut‑off for normal, 
Tamburrelli et al. found a sensitivity of echocardiography 
to identify an ICP >15 mmHg of 88% and a specificity of 
90%.[32] Previous studies have demonstrated that ONSD 
can be used as a non‑invasive indicator of raised ICP.[33]

Tayal et al. conducted a prospective, double‑blind study 
in 55 patients and found that an ONSD of 5.0 mm or 
more correlated with CT findings suggestive of raised 
ICP.[34] Cranial CT findings of shift, oedema or effacement 
suggestive of elevated ICP were used to evaluate ONSD 
accuracy. In the recent clinical studies, ONSD has been 
correlated with clinical symptoms and CT abnormalities, 
both surrogate indicators of elevated ICP.[13] In a recent 
study correlating ONSD with CT features of raised 
ICP, Aduayi et  al. demonstrated a good reliability of 
optic nerve sheath ultrasound in predicting raised 
ICP.[35] A recent systematic review and meta‑analysis 
has confirmed that ocular ultrasound exhibits good 
diagnostic test accuracy for detecting raised ICP 
compared to CT, specifically high sensitivity, for ruling 
out raised ICP in a low‑risk group and high specificity 
for ruling out raised ICP in a high‑risk group.[36]

ONSD measured by ultrasound has also been correlated 
with ONSD by MRI. Bäuerle et  al. established the 
reproducibility and accuracy of ONSD measurement 
using MRI and USG  (r  =  0.72, P  =  0.002, mean 
difference  <5%).[37] They carried out two scans each 
for the sonographic and MRI measurements of ONSD 
and established that sonographic ONSD quantification 
3 mm behind the papilla can be performed with good 
reproducibility, measurement accuracy and observer 
agreement. They have emphasised that this technique can 
be used as a non‑invasive bedside tool for longitudinal 
ONSD measurements.[37] More recently, Shirodkar et al. 
have correlated sonographic ONSD with the ONSD 
measured by MRI to confer to the same conclusion that 
they correlate well.[38]

There have been few studies which directly correlated 
ONSD measurements on ultrasound with ICP measured 
invasively. The cut‑off value for normal ONSD, 
measured 3 mm posterior to the globe, ranges from 5.2 
to 5.9 mm. Ultrasound of the optic nerve sheath has also 
been compared to the findings of increased ICP on CT, 
such as changes in ventricle size, basilar cistern size, sulci 
size, degree of transfalcine herniation and grey/white 
matter differentiation. An ONSD value of 5.0  mm as 
cut‑off, measured by CT scan, indicated ICP >20 mmHg 
as shown by a study conducted by Qayyum et al. who 

also showed that the ultrasound‑guided ONSD is a 
sensitive and specific test for predicting elevated ICP.[39] 
Some authors have shown that with a cut‑off of normal 
ONSD ranging from 5.0 to 5.9  mm.[15] Kimberly et  al. 
suggested an ONSD cut‑off of 5.0 mm for predicting an 
ICP >20 mmHg.[40] In a recent study conducted by Amini 
et al., an ONSD of 5.5 mm predicted an ICP >20 mmHg 
with a sensitivity of 100% and specificity of 100%.[41] 
Similarly, Sahoo and Deepak Agrawal have reported 
a cut‑off of 6.3  mm for predicting a ICP  >20 mmHg 
in patients of neurocritical care by using Codman 
intraparenchymal probes  (n  =  20).[42] There are a few 
studies where the authors have directly correlated 
ONSD measurements by ultrasound with ICP measured 
invasively. Invasive pressure has been measured from 
an external ventricular drain already placed inside the 
ventricles for routine monitoring, intraparenchymal 
probes, subarachnoid bolts and intraparenchymal 
catheters. The cut‑off value for ONSD, measured 
3 mm posterior to the globe, correlating with elevated 
ICP (ICP >20 mmHg) ranges from 4.8 to 6.0 mm.[43]

Although majority of work in the realm of ONSD has 
been achieved in the subsets of neurocritical care (TBI, 
subarachnoid haemorrhage, hydrocephalus, etc.), fresh 
evidence of its utility has been explored in disease 
states such as idiopathic intracranial hypertension (IIH), 
acute mountain sickness (AMS), tubercular meningitis 
and eclampsia/preeclampsia. A  study comparing the 
efficacy of MRI versus B scan USG‑derived ONSD in IIH 
patients showed MRI to be better in measuring ONSD 
as a surrogate of ICP and diagnosing dysfunctional 
intracranial compliance.[44] In patients with confirmed 
tuberculous meningitis also, ONSD values have been 
proven to be more than in the general population and 
hence afford a cost‑effective non‑invasive method for 
monitoring response to treatment.[45] Efficacy of ONSD 
in the diagnosis of AMS has also been investigated, 
but the results have been mixed at best, and there is a 
need to conduct further well‑directed research in this 
topic.[46] ONSD has emerged as a promising tool in the 
assessment, risk stratification and diagnosis of incipient 
intracranial hypertension in pregnant patients with 
pre‑eclampsia/eclampsia.[47,48] Sonographic assessment 
of ONSD has also presented itself as a useful method 
in the diagnosis of increased ICP in the emergency 
department even in patients with no history of trauma.[49]

Dubourg et al. did a systematic review and meta‑analysis 
and concluded that USG of ONSD shows a good 
level of diagnostic accuracy for detecting intracranial 
hypertension. They emphasised on the enormous 
potential this diagnostic method has in clinical 
decision‑making, whether it be the triage of patients 
requiring transfer to specialised centres or the need to 
place an invasive device in situations where there is a 
lack of specific recommendations for their placement.[50]
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Even though the major limitation in the routine use of 
ONSD measurements in clinical practice was the lack 
of specificity, the high sensitivity it offered as a rapid 
predictor for changes in ICP has made it a good diagnostic 
tool for not only tailoring the management of patients but 
also in prognostication in both the emergency department 
as well as in the critical care setup.[51,52]

Several studies have examined variables affecting the 
accuracy of ultrasound in measuring ONSD. Ultrasound 
is subject to artefacts, and measuring the ONSD in 
off‑axis may result in an erroneous value. Romagnuolo 
et al. showed that the ONSD does not change with patient 
position.[53] Interobserver variation is quite low, and the 
measurements are highly reproducible, even for novice 
operators taught in a single training session.[54]

While the use of CT and MRI for ONSD is limited by 
the fact that these two measurements require transfer 
of the patient to the radiology suite, which might not be 
welcome in a critical care setup, the use of ultrasound 
to measure the ONSD has its own limitations. There 
are concerns related to the heating of the probe causing 
damage to the internal structures of the eye although no 
such event has been reported so far. This, however, makes 
it prudent to limit the duration of procedure to as low 
as possible. It is also very important to place the probe 
as lightly as possible on the eyelids so as to prevent any 
injury due to excessive pressure and avoid the procedure 
altogether in cases where the patient has ophthalmologic 
condition such as glaucoma or trauma to the eye.[55]

CONCLUSION
ONSD has presented itself as an exciting option for the 
measurement of intracranial compliance in brain‑injured 
states and offers the advantages of being a simple, 
non‑invasive and readily available diagnostic modality. 
However, issues persist with its correlation with the 
gold standard invasive ICP measurement, and future 
research will hopefully establish ONSD by USG as 
a useful bedside tool in clinical decision‑making in 
neuroanaesthesiology and neuro‑critical care setups.
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