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ORIGINAL ARTICLE
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ABSTRACT
Objective: Raised intracranial pressure (ICP) is a common manifestation of severe brain injury. Rapid 
diagnosis and timely intervention is required to prevent secondary brain damage and death. Measurement 
of optic nerve sheath diameter (ONSD) by ultrasound is increasingly used as a marker to detect raised 
ICP. Knowledge of normal ONSD in a healthy population is essential to interpret this measurement.  We 
aimed to evaluate normal optic nerve sheath diameter in healthy volunteers in Pakistan. 

Methodology: It was a prospective, observational study in which one hundred healthy volunteers of 
Pakistani origin, aged more than 18 years were recruited in the study. The ultrasound probe was placed 
on the superior and lateral aspect of the orbit against the upper eyelid with the eye closed. For each 
subject, the primary investigator performed three measurements on each eye. The measurements of each 
eye were then averaged to yield a mean ONSD. 

Results: The median ONSD of right eye was 4.84 mm and 95% of individuals had mean ONSD in the 
range 4.84–4.97 mm while the median ONSD of left eye was 4.86 mm and 95% of individuals had mean 
ONSD in the range 4.85–4.96 mm. There was no difference among the 3 repeated measures of ONSD in 
each eye. There was no relationship between ONSD with age, gender and measurement taken between 
left and right eyes.

Conclusion: 95% of study sample have an ONSD less than 4.82 mm. ONSD more than 4.82 mm in this 
population should be considered abnormal and may reflect raised intracranial pressure.

Key words: Optic Nerve; Intracranial Pressure; Ocular Tension; Ocular Tonometry; Ocular ultrasound; 
Ultrasonography
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INTRODUCTION
Raised intracranial pressure (ICP) is a common 
manifestation of severe brain injury. Rapid diagnosis 
and timely intervention is required to prevent 
secondary brain damage and death. In severe 
traumatic brain injury (TBI) it is recommended to 
monitor ICP continuously with an aim to keep it 
less than 20–25 mmHg.1,2 ICP can be definitively 
measured and monitored through placement of 
invasive monitoring devices such as an external 
ventricular drain (EVD).3,4 Other monitoring 
techniques using either an intra-parenchymal 

probe or an intra-ventricular catheter are also 
invasive and associated with risk of hemorrhage 
and infection.5,6 Computed tomography (CT) 
and magnetic resonance imaging (MRI) suggest 
raised ICP with signs including effacement of 
basal cisterns, diffuse sulci effacement and the 
presence of significant midline shift. These imaging 
modalities are frequently used to make decisions 
regarding management of intracranial hypertension, 
although they have not been validated as accurate 
predictors. An accurate, reliable, noninvasive, 
point-of-care monitoring device to identify 
presence of intracranial hypertension would 
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be helpful in situations where there is clinical 
suspicion for intracranial hypertension but invasive 
monitoring and advanced imaging modalities are 
either unavailable, expensive or associated with 
unacceptable risk. In centers where facility to 
monitor ICP using invasive techniques are available, 
initial non-invasive monitoring could also be used 
to select the high risk patients. 

Bedside ocular ultrasound (US) is an emerging 
noninvasive technique to measure optic nerve 
sheath diameter (ONSD). The ultrasonographic 
measurement of ONSD, a fixed distance from the 
retina has been evaluated to identify the presence 
of raised ICP in patients with TBI and intracranial 
Hemorrhage (ICH).7-10 However, there is 
considerable inter-individual variation in the ONSD, 
and a consensus regarding cut-off for an abnormal 
ONSD, indicating raised intracranial pressure is not 
established. 5 mm is most commonly used cut-off in 
adults but values up to 5.9 mm have been used in 
some studies.11 Knowledge of the normal range of 
ONSD in healthy population is essential to interpret 
this measurement as a marker of raised intracranial 
pressure in clinical practice. The objective of this 
study was to evaluate normal optic nerve sheath 
diameter in healthy volunteers in Pakistan. 

METHODOLOGY
After approval from departmental and hospital 
ethical committees, written informed consent was 
obtained from all healthy adult volunteers (age > 
18 years), employed as staff in the operating rooms 
of a tertiary care hospital of Pakistan. This was the 
prospective, observational study in which volunteers 
of both genders, with no known comorbidities, 
were recruited for the study from September 2014 
to April 2015. Those with preexisting optic nerve 
pathology or had a history of orbital injury were 
excluded. Demographic data were collected on 
a predesigned form and included age, gender, 
height and weight. All ONSD scans were performed 
by primary investigator using Mindray ultrasound 
machine with a 7.5 MHz linear array probe with 
orbital imaging settings and a high resolution 
optimization setting. The probe was placed on 
the superior and lateral aspect of the orbit against 
the upper eyelid with the eye closed and angled 
slightly caudally and medially until the optic nerve 
was visualized as a linear hypo-echoic structure 
with clearly defined margins posterior to the globe. 
For each subject, the primary investigator who had 
one year experience in performing ultrasound, 
performed three measurements on each eye. The 

resultant measurements of each eye were then 
averaged to yield a mean ONSD.
Sample Size calculation was based on a previous 
study.12 A total of 100 healthy individual were 
included to estimate 95% confidence interval within 
± 0.10 margin of error. The standard deviation 
estimate based on the range of data value, which is 
approximate 0.5.   

SD of ONSD= 0.5 

CI= 95%

Precision (d) = 0.10

Zα/2 =1.96

All statistical analysis was performed using statistical 
package for social science version 19 (SPSS Inc., 
Chicago, IL). Normality assumption was checked by 
histogram and Shapiro-Wilk test and median with 
IQR, mean ± SD, max, min, and 95% percentile 
were computed for ONSD. Mann Whitney U test 
was used to compare unpaired ONSD between 
genders and Wilcoxon matched pairs signed rank 
test to compare left and right eyes. Friedman’s two 
ways ANOVA was used to compare the difference 
of ONSD for repeated observation and intra-class 
correlation coefficient (ICC) were used to test for 
differences between the repeated measures of ONSD 
within individuals. Spearman rank correlation test 
was used to determine the correlation between the 
ONSD and other parameters including age, weight, 
height and BMI. P values of ≤ 0.05 were considered 
to be statistically significant.

RESULTS
A total of 100 healthy volunteers were enrolled 
during the study period, consisting of 59 males and 
41 females. Other demographic characteristics is 
also shown in Table 1. All patients were of Pakistani 
origin. The median ONSD of right eye was 4.84 

 Table 1:  Demographic data measured 

Variables Mean ± SD Median (IQR)

Age (Years) 31.08 ± 5.90 30.5 (7)

Weight (kg) 63.5 ± 11.32 64 (17)

Height (cm) 160.73 ± 7.31 160 (7.31)

BMI (kg/m2) 24.64 ± 4.26 24.16 (5.50)

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0081013#pone.0081013-Blaivas1
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Table 2:  Comparison of optic nerve sheath diameter (ONSD) measurement

ONSD Mean ± SD Median (IQR) Minimum Maximum 95% Percentile
Both Eyes (Combined) 4.90 ± 0.30 4.82 (0.43) 4.3 5.7 5.53
Right Eye 4.90 ± 0.35 4.84 (0.47) 4.43 5.83 5.5
Left Eye 4.90 ± 0.31 4.86 (0.46) 4.17 5.70 5.52
Median ONSD Right vs. Left eye;  p=  0.71,  Wilcoxon matched paired rank test

Table 3:  Comparison of repeated measured mean ONSD and Intra class correlation the three repeated measurements of ONSD for left 
and right eye

Side
ONSD

P-Value ICC 95%CI
1st Reading 2nd Reading 3rd Reading

Right Eye 4.9 (0.5) 4.9 (0.6) 4.8 (0.5) 0.46 0.88 0.83 to 0.92

Left Eye 4.9 (0.5) 4.9 (0.5) 4.9 (0.4) 0.97 0.86 0.81 to 0.90
Friedman’s Two way ANOVA test ,   ICC= Intra class Correlation 

Table 4:  Descriptive statistics of optic nerve sheath diameter (ONSD)

ONSD
Males

n=59

Females

n=41
P-Value

Right Eye 4.85 (0.53) 4.83 (0.42) 0.52

Left Eye 4.92 (0.47) 4.83 (0.28) 0.05

Both Eyes (Combined) 4.81 (0.52) 4.83 (0.41) 0.14

Data were presented as median and inter-quartile range
Mann-Whitney U test 

Table 5:  Correlation between optic nerve sheath diameters with 
other measures 

Variables
Spearman’s Rho

Correction
(ONSD)

P-Value

Age (Years) 0.05 0.61

Weight (kg) -0.013 0.89

Height (cm) 0.029 0.77

BMI (kg/m2) -0.018 0.85

This table shows the combined results of both eyes (n = 100). 

mm and 95% of individuals had mean ONSD in the 
range 4.84–4.97 mm while the median ONSD of 
left eye was 4.86 mm and 95% of individuals had 
mean ONSD in the range 4.85–4.96 mm (Table 
2). There was no difference among the 3 repeated 
measures of ONSD in each eye (Table 3). There was 
no relationship between ONSD with age, gender 
and measurement taken between left and right eyes 
(Table 4, 5 & Figure 1)

DISCUSSION
Raised intracranial pressure (ICP) causes secondary 
brain damage and adversely affects patient 
outcome.13 Various methods used to assess ICP 

include clinical examination and fundoscopy, 
lumbar puncture, radiological imaging and 
ventriculostomy.14 The gold standard for diagnosis 
of raised ICP is invasive monitoring 15, but it is not 
used in developing countries due to unavailability 
of the monitoring devices, lack of expertise and 
the associated cost of the procedure. ONSD is an 
alternative method to measure ICP which is a cost 
effective, simple, safe and easily available technique. 
In patients with a raised ICP, optic nerve sheath 
diameter increases due to its continuation with the 
meninges and subarachnoid space.16 Over the last 
few years this evolving technique has been used 
successfully to monitor and predict ICP in patients 
with subarachnoid hemorrhage, intracranial 
hemorrhage and traumatic brain injuries.17

The cutoff point of ONSD has however been a topic 
of considerable dispute.18-22 Even in studies done on 
healthy volunteers, the range of ONSD measured by 
ultrasound varies. Results of this study showed that 
the cutoff for the upper limit of normal ONSD in 
Pakistani people was 4.82 mm and the range varied 
from 4.3 mm-5.7 mm. There was no correlation of 
ONSD with age, gender, height and weight and it 
was similar in both eyes. Results of this study were 
similar to a study conducted in the USA where the 
median ONSD varied from 4.4 – 4.8 mm in different 
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 Figure 1: Scatter plot showing the relationship between optic nerve sheath diameter (ONSD) with age for right and left eyes

positions.18 A study with a large sample size, 
conducted in Bangladeshi population showed that 
the median ONSD was 4.41 mm with 95 % of subjects 
in the range of 4.25 to 4.75 mm.19 However, there 
was no age limit for the study subjects and about 
12.5% of study population was less than 16 years of 
age. This might explain the smaller ONSD reported 
in the Bangladeshi population as compared to the 
Pakistani population. Vaiman et al. conducted a 
study in Israeli population using CT or MRI due to 
better resolution power to determine the normal 
range of ONSD. They reported that the mean ONSD 
was 4.94 ± 1.51 mm in the right eye and 5.17 ± 
1.34 mm in left eye.20 Amini et al reported that the 
mean ONSD in Irani population was 4.6 mm.17 The 
median ONSD reported by Wang et al in Chinese 
population was 5.1 mm.21 

A few studies showed higher value of ONSD than 
previously described. Bauerle et al found mean 
ONSD of 5.4 mm with a range of 4.3 mm - 7.6 
mm in German population.22 In this study he 
used ultrasound to measure ONSD. After a year 
he conducted another study and used MRI for 
measurement of ONSD and reported higher value 
of ONSD 5.69 ± 0.77 in Germans.23 Geeraerts et 
al also used MRI for ONSD measurement and 
found that ONSD was 5.08 ± 0.52 mm in healthy 
volunteers from Britain. He also showed that there 
was a good correlation between ultrasound and MRI 
measurement of ONSD 3 mm behind the pupils.24

The lowest ONSD of 3.4 mm was reported by 
Ballantyne et al but he actually measured optic 
nerve diameter rather than ONSD.25

LIMITATIONS
There are several limitations in this study. All the 
measurements on each subject were done by the 
primary investigator which could have introduced 
observer bias to the subsequent readings. In addition 
since the primary investigator measured the ONSD 
in all subjects, the inter-observer variability could 
not be assessed in this study. The other limitations 
were that only 100 healthy volunteers were recruited 
from a single center of Pakistan which does not 
reflect the whole population of this country and the 
study was conducted in adult healthy volunteers so 
the normal range of ONSD in pediatrics population 
could not be assessed.

CONCLUSION
95% of study sample have an ONSD less than 4.82 mm, 
measured by 7.5 MHz linear array ultrasound probe in 
horizontal plane and is independent of age, gender, 
height, weight and was similar in both eyes. ONSD 
more than 4.82 mm in this sample can be considered 
abnormal and may reflect raised intracranial pressure. 
But in future larger studies are recommended to 
reflect the  whole population of Pakistan. 
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