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Optic nerve sheath diameter as a marker for 
evaluation and prognostication of intracranial 
pressure in Indian patients: An observational study
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Background and Aims: The aim was to evaluate efficacy of optic nerve sheath 
diameter (ONSD) by ultrasound as a noninvasive method for detecting raised intracranial 
pressure (ICP) in intensive care unit, to compare with computed tomography/magnetic 
resonance imaging (MRI) findings of raised ICP and to prognosticate ONSD value with 
treatment. Materials and Methods: We conducted a prospective, observational study 
on 101 adults by including 41 healthy individuals in group A as control and 60 patients 
in group B admitted with fever, headache, vomiting, and altered sensorium. We examined 
them in supine position using 10 MHz linear array probe on closed eyelid. ONSD was 
measured 3 mm behind the globe in each eye. A mean binocular ONSD > 4.6 mm in 
female and 4.8 mm in male was considered abnormal. Midline shift, edema, effacement 
or ONSD > 5.0 mm on T2 MRI suggestive of elevated ICP was used to evaluate ONSD 
accuracy. Results: Group A mean ONSD was 4.6 mm in females and 4.8 mm in males. 
Group B mean ONSD for 17 females was 5.103 ± 0.6221 mm (P = 0.002) and for 
43 males 5.081 ± 0.5799 mm (P = 0.032). Radiological sign of raised ICP was confirmed in 
35 patients (females = 11 and males = 24) with high ONSD value. Sensitivity of detecting 
raised ICP by ONSD was 84.6% in females and 75% in males while specificity was 100% in 
both genders. Out of 25 patients without radiological signs of raised ICP 10 patients showed 
high ONSD (females = 4.735 mm and males = 4.907 mm). ONSD was well prognosticated 
with treatment modalities. Conclusion: Bedside ocular ultrasonography for measuring 
ONSD can be used an early test for diagnosing raised ICP as it is a noninvasive, cost 
effective bedside test, which can be repeated for re‑evaluation.
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Introduction
Raised intracranial pressure (ICP) is usually associated 

with increased morbidity, mortality, and poor 
neurological outcomes. The etiology could be varied 
viz stroke, liver failure, meningitis, meningoencephalitis, 
metabolic encephalopathy and postresuscitation 

syndrome.[1‑6] Early detection and prompt treatment of 
raised ICP in such situations are essential. However, 
it may pose challenges at the same time.[4,7] Invasive 
ICP monitoring is the gold standard. It is associated 
with complications such as infection, bleeding and 
being expensive. Regular assessment and comparison 
by computed tomography (CT)/magnetic resonance 
imaging (MRI) in these critically ill‑patients is fought 
with dangers of transporting to radiology.[8]

The optic nerve, as a part of the central nervous 
system, is surrounded by a subarachnoid space and 
experiences the same pressure change as the intracranial 
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compartment.[9‑12] The intraorbital part of the sheath, and 
particularly its retrobulbar segment, can distend when 
ICP is elevated.

The use of bedside ocular ultrasonography (USG) 
in measuring optic nerve sheath diameter (ONSD) 
can be a useful method for detecting raised ICP. It 
has the advantage of being a noninvasive, portable, 
easily performed at bedside in minimum time. It can 
be repeated for re‑evaluation without risk of radiation.

Keeping this in view, we conducted the bedside study 
of a noninvasive measurement of ONSD as predictor for 
detecting raised ICP. We also followed up the ONSD 
trends during the treatment and monitor its usefulness.

Materials and Methods
We conducted a prospective observational study on 

101 adult individuals after Institutional Review Board’s 
permission over a period between May 2013 and August 
2013. They were divided into two groups A and B. 
Group A were, 41 healthy controls of which 20 were 
female and 21 male. A total of 60 patients were admitted 
during this period with symptoms of fever, headache, 
vomiting and altered sensorium with possibility of 
elevated ICP, were included in group B. They were 
17 female and 43 male. All these patients were examined 
in the supine position using a 10 MHz phased linear array 
probe on the closed eyelids [Figure 1]. The structures of 
the eye were visualized to align the optic nerve directly 
opposite the probe, with the ONSD width perpendicular 
to the vertical axis of the scanning plane. A single ONSD 
was measured 3.00 mm behind the globe [Figure 2] in 
both the eyes. The ONSD measurements were obtained 
averaging three readings from each eye to create a 
binocular ONSD measurement.[11,12]

The individuals in the control group were between 
18 and 40 years. In these controls a mean binocular 
ONSD was 4.6 mm and 4.8 mm in females and males 
respectively. The measurements above 4.6 mm and 
4.8 mm in females and males were considered to have 
increased ICP.[13‑15] Imaging of the head CT/MRI was 
done as per requirement in group B patients only. 
The finding of CT/MRI was reported by the on‑site 
radiologist, and they were correlated with bedside 
ONSD measurement.[16] The patient’s imaging result was 
considered to be positive for raised ICP if the radiologist’s 
impression described findings, suggestive of elevated 
ICP such as significant cerebral edema, midline shift, 
mass effect, effacement of sulci, collapse of ventricles, 
compression of cisterns and ONSD > 5.0 mm on T2 MRI.

The waiver of the individual consent was requested as 
the intervention was completely harmless, nonchargeable 
to the patient and no patient identification was used. 
Security and confidentiality of data was preserved and 
analyzed in aggregate. Patients with a history of optic 
neuritis, arachnoid cyst of the optic nerve, high myopic, 
optic nerve trauma, and anterior orbital or cavernous 
sinus mass are excluded from the study.

The variables used were age, sex, diagnosis, heart rate, 
blood pressure, respiratory rate, oxygen saturation, 
temperature, Glasgow Coma Scale (GCS), ONSD, signs 
of raised ICP on imaging, serum osmolarity, serum 
creatinine, mannitol, and management.

Statistical analysis
Statistical analyses were performed using standard 

statistical software. Categorical variables were 

Figure 1: Occular sonography: High frequency 10 MHz linear array probe 
placed on the gel on the closed eyelid

Figure 2: The optic nerve sheath diameter (ONSD) measurement: Optic 
nerve appears homogeneous with low internal reflectivity compared with 
the high reflectivity of the nerve sheath. ONSD measured 3 mm behind the 
globe using an electronic caliper with an angle perpendicular to the eye ball
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summarized through the calculation of frequency 
and relative frequency. Continuous variables were 
summarized through the calculation of mean and 
standard error. Statistically assessed the observed 
differences among various ONSD groups in the 
distribution of categorical variables, the Pearson χ2 or 
Fisher exact test of association was used. Statistics to 
test baseline differences between the study group and 
controls was performed with the Mann‑Whitney U‑test. 
The Wilcoxon matched pairs signed ranks test was 
used. P < 0.05 (two‑tailed) were considered statistically 
significant.

Results
We conducted prospective observational study on 

101 adult individuals. In group A were 41 (females = 20 
and males = 21) as a control. In group B there were 
60 (females = 17 and males = 43) patients.

The mean ONSD of control and study group for female 
was 4.627 ± 0.09 mm and 5.103 ± 0.62 mm and for male 
was 4.8 ± 0.10 mm and 5.081 ± 0.58 mm respectively. The 
mean age of the control and study group was 27.44 ± 3.31 
and 56.15 ± 18.86 years respectively. Demographic profile 
of our study population as shown in Table 1.

Out of 60 patients that were admitted, 35 cases showed 
raised ICP on imaging and their ONSD 5.43 ± 0.53 mm. 
The other 25 patients did not show a raised ICP on 
imaging and ONSD was 4.61 ± 0.19 mm. It showed a 
significant difference between the two sets of patients 
with a P < 0.001. However, 10 out of their 25 showed a 
rise in ONSD for a female 4.735 mm > 4.6 mm and male 
4.907 mm > 4.8 mm which required reduction of ICP. The 
mean GCS for raised ICP and normal ICP on imaging 
was 10.5 ± 0.12 and 12.04 ± 2.11 respectively. The mean 
temperature 99.31 ± 0.75°F and 98.89 ± 0.55°F respectively 
for raised ICP and normal ICP. It showed statistically 
significant as P value for GCS and temperature was 
0.04 (<0.05) and 0.02 (<0.05) respectively. Other variables 

were also analyzed and did not show any statistically 
significant difference as shown in Table 2.

Receiver operator characteristic (ROC) curve (area 
under the curve [AUC]) for mean ONSD 4.716 mm is 
98.6% (95% CI: 96.5‑100%) with sensitivity of 77.8% and 
specificity of 100%. For female ROC curve (AUC) for 
ONSD > 4.6 mm is 100% (95% CI: 100%), with sensitivity 
of 84.6% and specificity of 100% whereas for male ROC 
curve (AUC) for ONSD > 4.8 mm is 97.4% (95% CI: 
93.5‑100%) with sensitivity of 75.0% and specificity of 
100% as shown in Figures 3 and 4.

All these patients received treatment with mannitol, 
antiepileptics, antiplatelet, antibiotics, and antiviral 
depending on cerebrospinal fluid (CSF) analysis.

The trend of ONSD in patients with raised ICP was 
recorded from day 1 to day 4. In the female population 
ONSD on day 1 was 5.405 ± 0.5729 mm and by day 4 
it decreased to 4.868 ± 0.4417 mm. Similarly in male 
ONSD on day1 was 5.442 ± 0.5233 mm and by day 4 
it decreased to 5.065 ± 0.3730 mm. In 10 cases that did 
not show raised ICP on imaging but had increased 
ONSD on day 1 for female 4.735 ± 0.064 mm and male 
4.907 ± 0.054 mm. Reduction of ICP was noted on 2nd day 
as ONSD decreased to 4.630 ± 0.071 mm in female and to 
4.823 ± 0.038 mm in male. It showed significant difference 
as P < 0.05 [Tables 3a and b].

About 35 patients had raised ICP on imaging and 
ONSD of 5.430 ± 0.5311 mm, 21 cases diagnosed as 

Table 1: Demographic profile of the study patient

ONSD (mm) Group A Group B 95% CI F P

Female 4.627±0.09 5.103±0.62 4.68-5.01 11.46 0.002
Male 4.8±0.10 5.081±0.58 4.87-5.11 4.82 0.003
Age years 27.44±3.31 56.15±18.86 40.47-48.52 92.805 <0.001
Total (101) 41 60
CI: Confidence interval; ONSD: Optic nerve sheath diameter

Table 2: Association of ICP with clinical profile

CT/MRI Raised ICP (n=35) Normal ICP (n=25) 95% CI F P

Heart rate/min 83.63±19.86 92.28±19.18 82.10-92.37 2.85 0.97
Respiratory rate/min 17.31±4.28 18.96±3.90 16.92-19.08 2.32 0.13
Systolic BP (mmHg) 127.66±19.82 130.16±14.22 124.15-133.25 0.29 0.59
Diastolic BP (mmHg) 76.41±13.31 80.08±12.20 74.61-81.32 1.17 0.28
SpO2 (%) 97.97±1.86 97.88±1.33 97.51-98.36 0.04 0.83
Temperature (°F) 99.31±0.75 98.89±0.55 98.95-99.31 5.66 0.02
GCS 10.5±0.12 12.04±2.11 10.50-11.93 3.95 0.04
ONSD (mm) 5.43±0.53 4.61±0.19 4.94-5.24 54.59 <0.001
Serum osmolarity (mml/l) 287.57±15.04 285.44±11.32 283.18-290.18 0.36 0.55
Serum creatinine (mg%) 0.98±0.62 1.56±1.82 0.89-1.56 3.08 0.09
CI: Confidence interval; ICP: Intracranial pressure; BP: Blood pressure; GCS: Glasgow coma scale; CT: Computed tomography; MRI: Magnetic resonance imaging; ONSD: Optic 
nerve sheath diameter
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infective (meningitis, meningoencephalities), 12 cases were 
cerebrovascular accident (stroke, intracranial hemorrhage), 
and 2 cases were metabolic encephalopathy. Whereas out 
of 25 cases that did not show raised ICP radiologically 
2 cases were infective (meningitis, meningoencephalities), 
18 cases were cerebrovascular accident (stroke, intracranial 
hemorrhage) and 5 cases were metabolic encephalopathy. 
But 10 cases did not show raised ICP radiologically but 
had mean ONSD for two female as 4.735 mm and eight 
male as 4.907 mm. They were 8 cerebrovascular accident, 
1 metabolic encephalopathy, and 1 infective.

In the study group out of 60 patients, 28 patients had 
high ONSD and signs of raised ICP on imaging received 
mannitol as definitive treatment. However, three patients 
who showed only high ONSD and did not show raised 
ICP on imaging also received mannitol and they showed 
a decrease in ONSD after supportive therapy.

Totally 26 patients required intubation and controlled 
mechanical ventilation with sedation. In the study group, 

21 patients had high ONSD and signs of raised ICP on 
imaging, but the other five patients had high ONSD, 
but did not show signs of raised ICP on imaging. It 
showed significant difference with P = 0.014 < 0.05 in 
the management. Total 5 cases expired, 2 with ICP 
increased, 3 without ICP and it did not find any statistical 
significant.

Discussion
Raised ICP is, usually, associated with conditions such 

as stroke, liver failure, meningitis, meningoencephalitis, 
metabolic encephalopathy, and postresuscitation 
syndrome. The cranium and the vertebral canal along 
with the relatively inelastic dura form a rigid container, 
such that the increase in any of its contents, that is, brain, 
blood, or CSF, will tend to increase the ICP. The Monro‑
Kelliy doctrine relationship states that small increases in 
brain volume do not lead to immediate increase in ICP 
due to the ability of the CSF to be displaced into the spinal 
canal, as well as the slight ability to stretch the falx cerebri 
between the hemispheres and the tentorium between 
the hemispheres and the cerebellum. However, once the 
ICP reaches around 20‑25 mmHg, any small increase in 
brain volume can lead to marked elevations in ICP due 
to failure of intracranial compliance.[17]

In stage 1, there is a minimal increase in ICP. In stage 2, 
there is a drastic increase in ICP as change in volume 
is > 100‑200 ml. Stage 3 is characterized by a sustained 
increased ICP, with dramatic changes in ICP with small 
changes in volume. As the ICP approaches the mean 
arterial pressure, it becomes more and more difficult 
to squeeze blood into the intracranial space, leading to 
widespread reduction in cerebral flow and perfusion, 
eventually leading to ischemia and brain infarction. 

Table 3a: Trend of ONSD with treatment

Raised ICP 
(n=35)

ONSD 
1 mm

ONSD 
4 mm

95% CI T P

Female (11) 5.405±0.573 4.868±0.442 0.289-0.783 4.850 0.001
Male (24) 5.442±0.523 5.065±0.373 0.261-0.492 6.728 <0.001
CI: Confidence interval; ONSD: Optic nerve sheath diameter; ICP: Intracranial pressure

Table 3b: Trend of ONSD with treatment

Normal ICP (n=10) Female (2) Male (8) 95% CI F P

ONSD 1 mm 4.735±0.06 4.908±0.05 4.81-4.94 15.358 0.004
ONSD 2 mm 4.63±0.07 4.82±0.04 4.72-4.85 30.900 0.001
ONSD 3 mm 4.585±0.06 4.776±0.04 4.67-4.80 30.327 0.001
ONSD 4 mm 4.55±0.05 4.746±0.04 4.64-4.77 31.134 0.001
CI: Confidence interval; ONSD: Optic nerve sheath diameter; ICP: Intracranial pressure

Figure 3: Receiving operating characteristic curve for detecting raised 
intracranial pressure by ultrasonography optic nerve sheath diameter for 
female

Figure 4: Receiving operating characteristic curve for detecting raised 
intracranial pressure by ultrasonography optic nerve sheath diameter for 
male
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Because of hypoxia and hyper apnea, patients present 
with decreased level of consciousness (LOC), Cheyne‑
Stokes respiration, hyperventilation, sluggish or dilated 
pupils and widened pulse pressure.[18] Generally when 
there is a rise in ICP, common symptoms and signs 
include headache, vomiting without nausea, and altered 
LOC. The headache is worse on coughing/sneezing/
bending, and progressively worsens over time.[19,20]

The optic nerve sheath (ONS) is anatomically 
continuous with the dura mater and has a trabeculated 
arachnoid space through which CSF slowly 
percolates.[21] On ultrasound examination, optic nerve 
appears homogeneous with low internal reflectivity 
compared with the high reflectivity of the nerve sheath; 
this was utilized by Ossoinig when he performed the 
first ultrasound measurement of the optic nerve using 
an A‑scan technique, and subsequently described 
standardized A‑scanning.[21]

Using these echography techniques several groups have 
investigated the relation between the ONSD as measured 
by A‑scan and the ICP Cennamo et al.,[22] Gangemi 
et al.,[23] and Tamburelli et al.[24] each demonstrated a 
positive linear relation between these two variables in 
neurosurgical patients and in particular, an immediate 
change in ONSD with change in ICP. A position 3 mm 
behind the globe was chosen because the ultrasound 
contrast is greatest, the results are more reproducible, 
and anatomically the anterior nerve is most distensible.  
Hansen et al. presented data using a transorbital 
B‑scan approach for the measurement of ONSD,[25] this 
approach allowed them to select a distance behind the 
globe to consistently measure the nerve, something 
difficult to attain with A‑scan techniques. Helmke and 
Hansen[9‑11] demonstrated in cadaver studies that the 
ONSD increased by up to 60% at a distance of 3 mm 
behind the globe compared with only 35% at 10 mm thus 
confirming Liu and Kahn’s[26] observations. Furthermore, 
they went on to show that the optimal experimental 
scanning position was longitudinal (axial) where the 
least interobserver variability was found although there 
was no significant difference in measurement by lateral, 
axial, or transverse projection.

In our study, the average ONSD in the control group 
aged between 18 and 40 years was 4.6 mm and 4.8 mm 
in female and male respectively. It has been proved by 
Dubourg et al. in a systematic review and meta‑analysis 
of a ultrasonographic of ONSD of detection of raised 
ICP, a ONSD in a adult < 5 mm, pediatrics (1‑15 years) 
< 4.5 mm, infant < 4 mm was considered to be a normal. 
They also concluded that ONSD > 5.00‑5.70 mm had 

a raised ICP > 20 mm with diagnostic odds ratio of 
51, sensitivity of 90% (95% CI: 80‑95%) and specificity 
85% (95% CI: 73‑93%).[13] In a study conducted by 
Dubost et al. to detect the incidence of raised ICP in 
preeclampatic patients, concluded that ONSD was 
5.4 mm in preeclampatic patients when compared to 
healthy pregnant women which was 4.5 mm.[14] Similar 
study conducted by Rajajee et al. who concluded 
that bedside measurement of ONSD is an accurate 
noninvasive method to identify ICP > 20 mmHg in a 
heterogeneous group of patients with acute brain injury 
with ONSD > 4.8 mm has greatest accuracy.[15,27] In 60 
admitted patients, 35 cases had raised ICP on radiological 
findings, the ONSD for female was 5.405 mm and male 
was 5.442 mm. About 10 (40%) individuals did not have 
raised ICP on imaging, but their ONSD was found to 
be more than the control for female 4.735 ± 0.064 mm 
and male 4.907 ± 0.054 mm. We found for mean ONSD 
of 4.716 mm, sensitivity for detecting raised ICP was 
77.8% (95% CI: 83‑100%) and specificity 100%. In female 
sensitivity for raised ICP is 84.6% and specificity 100%. In 
male sensitivity for raised ICP was 75.0% and specificity 
was 100%. Beare et al. evaluated ONS ultrasound as a 
noninvasive method of detecting raised ICP in African 
children. They concluded that sensitivity and specificity 
of detecting raised ICP on CT for ONSD 4.2 mm was 
100% and 86% respectively.[28] Tayal et al. conducted 
a prospective blinded observational study on adult 
head injury patients in an emergency department. 
They correlated ONSD by USG with CT findings for 
raised ICP. The sensitivity for detecting raised ICP was 
100%, and specificity was 63%.[29] It has been proved by 
Dubourg et al. in a systemic review and meta‑analysis 
of a ultrasonographic measurement of ONS diameter of 
detection of raised ICP, that ONSD > 5.00 mm had a raised 
ICP > 20 mm, pooled sensitivity 90% (95% CI: 80‑95%), 
specificity 85% (95% CI: 73‑93%). The patients with raised 
ICP are 51 times more likely to have a positive ONSD.[13,15] 
It was also noted that papilledema was not found in the 
acute situation as it takes hours to days to develop.[30] 
Acute rise in ICP can be difficult to diagnose because the 
symptoms are nonspecific, and direct measurement of 
ICP has the attendant risks of intracranial hemorrhage 
and infection. In our analysis, 35 patients who had 
raised ICP on CT/MRI only temperature and GCS had 
a significant difference [Table 2].

We feel that the results of the present study are 
encouraging. About 35 cases had raised ICP on imaging 
and high ONSD on the 1st day of admission and after 
starting the appropriate treatment ONSD was measured 
subsequently on days 2, 3 and 4. We found a significant 
reduction of ONSD for female and male after 72 h of 
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treatment[14] [Table 3a]. About 25 cases did not have 
increased ICP on imaging. However 10 cases out of 
25 had ONSD higher than the cutoff value for female 
4.735 ± 0.064 mm and male 4.907 ± 0.054 mm [Table 3b]. 
After supportive treatment, their ONSD on day 2 for 
female and male was almost returned to normal value.

The early detection of raised ICP can be very difficult 
when invasive devices are not available. Clinical signs of 
raised ICP such as headache, vomiting and drowsiness 
are not specific and often difficult to interpret. In sedated 
patients, clinical signs of raised ICP frequently appear 
late, when ischemic brain injury is already established.[20] 
Furthermore, a normal CT scan does not exclude a raised 
ICP.[31‑33]

Conclusion
Bedside measurement of ONSD is a useful test to 

identify raised ICP, being noninvasive, can be repeated 
multiple times, devoid of ionizing radiation and can be 
applied in a broad range of settings. Further studies are 
required to validate its usefulness in raised ICP patients.
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