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ABSTRACT
Introduction: Ocular ultrasound has gained importance as a non-invasive imaging technique
in the screening, diagnosis and treatment management of intracranial hypertension. The aim of
our study was to estimate the intra and interobserver variability on B-mode ocular ultrasound
measurement of optic nerve sheath diameter (ONSD).
Methods: ONSD of the right eye was measured by ultrasound examination among 120 healthy
adult volunteers. The ONSD was assessed 3 mm behind the globe and two serial measurements
were taken by two observers who were blinded to each other’s findings.
Results: Age of the volunteers ranged from 18 to 27 years with a mean age of 23.07 +/- SD
of 2.486. The mean of ONSDs of two observers was 4.168 +/- SD of 0.54 mm. The intraclass
correlation coefficient for first and second observers was 0.997 and 0.978 respectively at 95%
confidence interval. The interobserver intraclass correlation coefficient was 0.977 at 95%
confidence interval. No correlation of age and gender was noted with ONSD.
Conclusions: B-mode transorbital ultrasound measurement of ONSD is highly reproducible
with significant intra-observer and inter-observer agreement. Ultrasound measurement of
ONSD measurements can serve as indispensable tool in critical care.
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Point of care ultrasound has gained immense
importance in emergency and critical care
due to its wide availability, portability,
non-invasive nature, low cost and due to
possibility of performing bedside with real
time assessment.1 There is a wide range of
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applications of ultrasound in critical care
with significant positive decision making,
overall management and prognostication.
Ocular ultrasound has been integrated in the
emergency and critical care for the diagnosis
and assessment of intracranial hypertension.
Optic nerve sheath diameter measurement has
now been considered as surrogate marker for
assessment of intracranial pressure in various
studies.2 Unlike other cross-sectional imaging,
ultrasound is however operator dependent
which significantly impacts the sensitivity and
specificity in diagnosis of various conditions.3
In this study, we aimed to study the intraobserver and interobserver variability in the
ultrasonographic measurement of the optic
nerve sheath diameter which has an impact
on the overall management of patients with
intracranial hypertension.

METHODS
This was a prospective observational study
undertaken at Nepalgunj Medical College and
Teaching Hospital, Banke, Nepal from June
2016 to May 2017 on healthy volunteers of
greater than 18 years of age. The study was
approved by the institutional ethics committee
and verbal and written consent was obtained
from all individuals prior to the enrollment
to the study. Exclusion criteria were history
of head injury, hypertension, endocrine
abnormalities, ophthalmic and neurological
problems.
Ultrasound was performed on Logiq P6
ultrasound machine (GE Healthcare,
Waukesha, Washington) with a 7.5 MHz linear
transducer for the assessment of the ONSD
by two radiologists with greater than 5 years
of experience. Volunteers were examined on
supine position and were instructed to have
a neutral gaze and the close the eyes. The
transducer was then placed over the closed
upper eye lid of the right eye after application
of moderate amount of gel. The ONSDs were
measured in the axial plane 3 mm behind the
optic disc (Figure 1). The calipers were placed
at the outer extent of the ONS perpendicular to

its longitudinal axis. Two measurement were
taken by each observer at 15 mins interval in
two separate settings. The two observers were
blinded to each other’s findings.

Figure 1: B-mode ultrasound measurement of
Optic Nerve Sheath Diameter (ONSD), 3 mm
behind the optic disc.
For all statistical analyses, SPSS Statistics
Version 21.0 (IBM Corp., USA) was
used. Intra-observer and interobserver
reproducibility were calculated for each of
the two observers on the basis of two serial
measurements. Reproducibility was evaluated
by means of the intraclass correlation
coefficient (ICC).
A scatter plot was then constructed by plotting
mean difference against mean of the two
observers. The mean value and standard
deviation (SD) of the mean differences were
then calculated, and the SD used to describe the
spread of measurement differences. The 95%
confidence intervals of the mean difference
constituted boundaries of the expected range
of variability. Age and gender correlation were
calculated by simple linear regression analysis
and independent samples t-test.

RESULTS
A total of 120 healthy volunteers were
included in the study (males 55%, females
45%). The age of the patients ranged from 18
to 27 years with a mean age of 23.07 +/- SD
of 2.486 years.
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The minimum and maximum measured
ONSDs was 2.50 mm and 4.90 mm with a
mean of the ONSDs for the two measurements
as 4.16 +/- SD of 0.55 mm for Observer 1.
For Observer 2, the minimum and maximum
measured ONSDs was 2.50 mm and 4.90
mm with a mean of the ONSDs for two
measurements as 4.17 +/- SD of 0.53 mm. The
mean of ONSDs of two observers was 4.168
+/- SD of 0.54 mm with the mean difference
of two measurements being -0.0079 +/- SD
of 0.0591 mm. Scatter plot and agreement
plot for ONSDs among the two observers is
demonstrated in Figure 2 and Figure 3. The
intraclass correlation coefficient for 1st and
2nd observer was 0.997 and 0.978 respectively
at 95% confidence interval (Table 1). The
interobserver intraclass correlation coefficient
was 0.977 at 95% confidence interval. For
age, on simple linear regression analysis the
R value was 0.008, p=0.930 and for gender p=
0.532 at 95% CI.

Figure 2: Scatter plot of Optic Nerve Sheath
Diameter measurement shows observer 1
(x-axis) and observer 2 (y-axis), line of perfect
agreement is shown.

Figure 3: Agreement plot for ONSD made by two
observers. Plots the mean difference of mean of
two observers and mean of two observers.

Table 1: Intraclass correlation coefficients
for intra-observer and inter-observer
measurement of optic nerve sheath
diameter of the right eye
OPTIC NERVE
SHEATH DIAMETER OF THE
RIGHT EYE
INTRAOBSERVER

INTRACLASS
CORRELATION

95% CONFIDENCE
INTERVAL

OBSERVER 1
OBSERVER 2
INTEROBSERVER

0.997
0.978
0.977

0.995- 0.998
0.968-0.984
0.967- 0.984

DISCUSSION
Intracranial hypertension is a life-threatening
condition with significant morbidity and
mortality.4 A myriad of neurological as well
as non-neurological conditions can lead
to elevated intracranial pressure (ICP). An
early recognition of the entity is warranted
for management of such conditions. Various
intracranial devices have been used for
monitoring of intracranial pressure in
emergency and intensive care units.3 Although
these methods are accurate in measurement
of ICP, they are however invasive in nature.
Recognizable complications of these methods
include procedure related as well as post
procedural complications like bleeding,
infection and even displacement of the
various devices posing significant morbidity.5
Non-invasive surrogate techniques are
thus instrumental in diagnosing as well
as monitoring of increased ICP.6 Various
studies have demonstrated utility of imaging
techniques in the overall management of
these cases. Significant correlation has been
noted with cross-sectional imaging such
as Magnetic resonance imaging (MRI) and
computed tomography findings of optic nerve
sheath diameter (ONSD) with raised ICP.7
There are however various constraints and
challenges with CT and MRI as most of these
cases are critically ill patients with limited
mobility and also many are on supportive
devices that hinders assessment. Moreover,
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as individuals with raised ICP require regular
monitoring, a potential hazard of radiation
accounts for CT scan’s decreased applicability.
Ultrasound thus has gained immense utility
in the emergency as well as intensive care
units. Its undue advantage among the other
imaging techniques is due to its easy and wide
availability, real time assessment, portable
and non-invasive nature.8 Ultrasound is often
considered underutilized application with
however a very wide potential in critical care
including ocular pathology.3
Studies have demonstrated utility of ultrasound
in patients with traumatic brain injury as
well as in non- traumatic abnormalities.9
Ultrasound has been considered in the
overall management of increased ICP from
diagnosing, initiation and monitoring of
treatment to identification of complications.10
Ultrasound, however has certain limitations
in ocular ultrasound and measurement of
ONSD. A multitude of factors influence the
interpretation of ultrasonography.11 A number
of neoplastic and non-neoplastic conditions
affects the optic nerve. Recognition of these
conditions prior to the ultrasound is warranted
for proper assessment. It has been noted
in various studies that intrinsic optic nerve
pathology and any mass effect from extrinsic
compression hinders and limits proper and
accurate assessment of optic nerve.
Growing interest on the use of ultrasound as a
proxy technique for measurement of ICP have
been demonstrated by various studies. Many
studies have shown correlation of ONSDs
with ICP.12
As with other studies of observer agreement, in
our study, we found intra-observer variability
lesser than interobserver variability as well
as excellent correlation for the measurements
performed for intra-observer and interobserver
agreement.13 High correlation values as in
our study is to be expected. These results

should however be interpreted cautiously
as in our case only two observers were
considered. Intraclass correlation coefficient
must therefore be interpreted along with the
95% limit of agreement. This may differ
when many individuals are involved in the
sequential measurements when assessing
response.
Since ultrasound is operator dependent,
experience of the operator and proper technique
are essential for assessment. The difference
between raised ICP and normal ONSDs is
minimal hence even a slight variation in the
measurement leads to significant error in
measurement. Ultrasound measurement of
the ONSDs however have been shown to have
acceptable intra-observer and interobserver
variability as in our studies. Many studies
have demonstrated a steep learning curve for
measurement of ONSDs by novice operators
trained with standardized protocols and often
attain significant interobserver agreement
with expert operators.14
There are various limitations to our study.
Firstly, our study constitutes a relatively
modest sample size which mandates study in
a larger scale. Secondly, measurement was
obtained by only two experienced observers.
Besides, study was performed only in healthy
volunteers and a reproducibility in patients
with intracranial hypertension was not
performed. However, it is promising that with
standardized techniques, there is significant
reliability and reproducibility in measurement
of ONSD which has major implications in
critical care management of raised intracranial
pressure.

CONCLUSION
When ocular ultrasound is performed
with standardized protocols for ONSD
measurement, a significant intra-observer
and
interobserver
agreement
occurs
thus demonstrating its reliability and
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reproducibility. Early recognition of increased
intracranial pressure by ONSD measurement
is pivotal in the overall management and
monitoring of patients thereby reducing the
overall morbidity and mortality.
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