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Abstract:
OBJECTIVES: Many studies have recently been conducted on measuring optic nerve sheath
diameter (ONSD) with computed tomography (CT). However, no studies focused on the interrater
reliability in ONSD measurements with CT yet. Our first aim was to investigate the interrater reliability
of the emergency medicine residents in the measurement of the ONSD with CT. Our secondary aim
was to evaluate the interrater reliability and agreement of the emergency medicine residents and
neuroradiologist measurements, which is the gold standard.
METHODS: Twelve residents (six seniors and six juniors) and a neuroradiologist measured ONSD
in twenty different CTs in axial and sagittal planes. The interrater reliability was calculated by the
intraclass correlation coefficient (ICC), and the level of agreement in categorical variables was
calculated by kappa (ĸ) analysis.
RESULTS: We found that the interrater reliability level of all residents was “good” (ICC: 0.824), for
seniors was “good” (ICC: 0.824), and for juniors was “moderate” (ICC: 0.748) in the measurement
of ONSD. ICC was 0.812 for axial, and 0.783 for sagittal plane measurements. The interrater
reliability between residents and the neuroradiologist measurements was “good” (ICC 0.891), and
the agreement was found to be “good” (ĸ: 0.688; P < 0.001). The sensitivity of residents in detecting
increased ONSD was 78%, and specificity was 90.8%.
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CONCLUSION: The ONSD measurements with CT performed by the residents are reliable in
themselves, and they are compatible with the gold standard measurements.
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Introduction

T

he optic nerve is the extension of the
brain with the sheath around it, and
the optic nerve sheath diameter (ONSD) is
widened in conditions that lead to increased
intracranial pressure.[1,2] In recent years,
it has been shown that there is a positive
linear relationship between the ONSD and
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intracranial pressure and that the increased
ONSD and poor prognosis are correlated.[3,4]
ONSD measurements are usually performed
by ultrasonography (US) or computed
tomography (CT). In ONSD measurements
with US, significant differences can be seen
between raters, since the measurement skill
varies from person to person, therefore many
studies have been published investigating
the interrater reliability (IRR) of ONSD
measurements using US. In recent years,
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Box‑ED
What is already known on the study topic?
The measurement of optic nerve sheath diameter (ONSD)
is becoming an increasingly popular method to predict
increased intracranial pressure noninvasively.
What is the conflict on the issue?
There is not enough data about interrater reliability of the
ONSD measurement with computed tomography (CT).
How was this study structured?
This was an observational, cross‑sectional study
including 12 residents of emergency medicine and a
neuroradiologist measurement of ONSD in twenty CT
images.
What does this study tell us?
The level of interrater reliability of emergency
medicine residents’ measurements of ONSD with CT
is “good.” The interrater reliability is higher in senior
residents’ measurements both themselves and with a
neuroradiologist. Emergency medicine residents can
safely perform ONSD measurement in emergency
departments without radiologist.

many studies on measuring ONSD with CT have been
published. However, there is no study focusing on IRR
in ONSD measurements by CT.
In this study, our first aim was to investigate the IRR level
of the measurement of ONSD in brain CT by emergency
medicine residents. Our secondary goals are (1) whether
the resident seniority and the measured cross‑section
affect IRR; (2) to investigate the agreement and diagnostic
accuracy by comparing emergency medicine residents
with neuroradiologist measurements, which is the gold
standard.

Methods
This is an observational, cross‑sectional study. The
study included 12 residents and one neuroradiologist
working in a level 3 emergency medicine department.
Ten widened (≥5.5 mm) and 10 normal (<5.5 mm) ONSD
images were selected by the neuroradiologist among
3.533 CT images of patients who admitted to Dokuz
Eylül University Hospital between January 1,2018 and
December 31, 2018.
Six senior (postgraduate year 4) and six
junior (postgraduate year 1) resident volunteers were
included in the study. Residents were paired with each
other, and 66 groups of two residents were created.
Two brain CTs were assigned to each group with the
cluster‑type sampling method, one with normal and one
with increased ONSD. Twelve residents made a total of
352 measurements, in axial and sagittal planes, in a total
of 176 CT images. All measurements were completed
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within 3 weeks. Residents were given standardized 1‑h
training by the neuroradiologist participating in the
study before the measurement.
All the CT scans were obtained by the 160‑slice CT
scanner (Toshiba® CT Aquilion Prime, Toshiba® Medical
Systems, Japan) with 3 mm section thickness. The evaluation
of the images and measurements were performed on
Sectra® Workstation IDS7 (version 20.2.10.3376, Sweden).
Measurements were made from the left eye, in the axial
and sagittal planes, 3 mm behind the optic disc, using
a 5‑fold magnification using a caliper. Evaluators were
blinded to measurements of other raters and pathological
findings in the brain parenchyma. In order to accurately
measure the optic nerve adipose tissue, measurements
were made in the abdominal view window. Figure 1
shows the measurements of the optic nerve sheath
from the left eye axial (a) and sagittal (b) planes. The
neuroradiologist made all ONSD measurements,
and these measurements were accepted as the gold
standard. All measurements were recorded separately
on data collection forms. Our study was started after
the approval of Ethics Committee for Clinical Studies of
Dokuz Eylül University Faculty of Medicine (Decision
No: 2019/19‑40, date: July 31, 2019).
SPSS 24.0 (IBM® Corporation, Armonk, New York,
United States) program was used to analyze the data.
The normality of data was analyzed by the Kolmogorov–
Smirnov test. The variables with normal and abnormal
distribution presented as mean with standard deviation
and median with interquartile range (IQR), respectively.
Reliability between measurements was shown with
the intraclass correlation coefficient (ICC). ICC <0.5
was interpreted as “poor,” 0.5–0.74 as “moderate,”
0.75–0.89 as “good,” and ≥ 0.90 as “perfect” in terms
of reliability. The measurement results of ONSD were
dichotomized as normal (<5.5 mm) and enlarged (≥5.5
mm). Kappa analysis was performed to determine the
agreement between residents and neuroradiologist.
Kappa value was evaluated ≤ 0.2 as “slight,” 0.21–0.4 as
“fair,” 0.41–0.6 as “moderate,” 0.61–0.8 as “substantial,”
and >0.80 as a “perfect” fit. The sensitivity, specificity,
and accuracy of residents in detecting widened ONSD

a

b

Figure 1: (a) Axial plane measurement, (b) sagittal plane measurement of optic
nerve sheath diameter
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were calculated. All analyses were evaluated within a
95% confidence interval (CI). P < 0.05 was considered
to be significant.

Results
Nine of the residents participating into study were male,
and the median age was 28 years (IQR: 26–28 years).
The mean of the measurements made by the residents
on the axial plane in CT images with normal ONSD
was 5.2 ± 0.57 mm, and the mean on the sagittal plane
was 4.9 ± 0.65 mm. On CT images with widened ONSD,
the mean of the measurements on the axial plane was
6.5 ± 0.72 mm, and the mean on the sagittal plane was
6.4 ± 0.85 mm. We found ICC as 0.798 in the ONSD
measurement by emergency medicine residents. The
measurements and ICC according to the seniority of the
residents and cross‑section are shown in Table 1.
We found IRR of residents and neuroradiologist
measurements was 0.891 [Table 2]. In the dichotomized
data, the interrater agreement between residents and
neuroradiologist measurements as “good” (ĸ: 0.688;
P < 0.001). The sensitivity of residents in detecting
increased ONSD was 78%, specificity was 90.8%, and
accuracy was 84.3% [Table 3]. ONSD measurements of
the neuroradiologist and residents on axial and sagittal
planes are shown in Supplement Table 1.

Discussion
Many studies investigating ONSD measurement with CT
have published with limited data on reliability between
measurements, although there is no study focused
on this subject. We aimed to determine the IRR in the
measurement of ONSD with CT by emergency medicine
residents and for the reliability and agreement between
residents and neuroradiologist measurements that are
accepted as the gold standard.
In addition to sensitivity, specificity, and accuracy, the
consistent measurement of evaluators is the essential
parameter that affect the reliability of the measurement
method. In other words, as well as accurate measurement,
to get similar results in repeating measurements is one of

the crucial factors for the acceptance of the measurement
method in daily practice. Even if the measurement
method is well standardized, the differences between
the skill level of the evaluators and the specific training
they receive may lead to significant difference between
the measurement. Reliability between evaluators is an
important issue, as ONSD measurements with CT are
now beginning to be included in the practice of the
emergency medicine. In this regard, the fact that the
IRR level of emergency medicine residents is “good”
suggests that ONSD measurements can be performed by
residents in ED successfully. We also found the IRR (ICC:
0.891) and interrater agreement (ĸ: 0.688) for ONSD
measurements between residents and neuroradiologist
as “good.”
We have shown that the IRR level of senior residents’
measurements is higher than that of juniors (ICC 0.824 vs.
0.748). It is an expected result that the senior residents’
skills in detecting the optic nerve correctly in the CT
and making accurate measurements of ONSD are high.
Oberfoell et al. investigated the IRR level of residents
on ONSD measurements by US. It was shown that in
the measurements performed by 51 residents. The ICC
of senior residents was higher, although the level of
IRR of senior (ICC 0.44) and junior residents (ICC: 0.40)
was weak.[5] In our study, while the IRR between senior
residents and the neuroradiologist measurements was
“excellent” (ICC: 0.904), the IRR level of junior residents
and the neuroradiologist was “good” (ICC: 0.877). As a
result, the IRR level of senior residents was higher both
among themselves and with the neuroradiologist on
ONSD measurements.
Limited number of studies revealed IRR in ONSD
measurements using CT, but the primary end points
of these studies were not evaluating the IRR between
measurements. Sekhon et al. had been investigated
the association between ONSD widening in CT and
mortality, only the two evaluators’ measurements were
compared, and the IRR level of evaluators was found
to be “perfect” (ICC: 0.92).[6] In a study investigating
the relationship between ONSD and early neurological
outcome after cardiac arrest, Hwan Kim et al. reported
the IRR level of two emergency medicine specialists as

Table 1: The interrater reliability of emergency medicine resident measurements of optic nerve sheath diameter
All measurements
Evaluation by seniority
Junior residents (PGY 1)
Senior residents (PGY 4)
Evaluation by cross-section
Axial cross-section
Sagittal cross-section

Intercorrelation coefficient
0.798

95% CI
0.777-0.818

Level of interrater reliability
Good

0.748
0.824

0.687-0.797
0.781-0.858

Moderate
Good

0.812
0.783

0.783-0.838
0.750-0.813

Good
Good

PGY: Postgraduate years, CI: Confidence interval
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Table 2: The interrater reliability between the measurements of emergency medicine residents and
neuroradiologist
All measurements (residents and neuroradiologist)
Evaluation by seniority
Junior residents versus neuroradiologist
Senior residents versus neuroradiologist
Evaluation by cross-section
Axial cross-section
Sagittal gross-section

Intraclass correlation coefficient
0.891

95% CI
0.865-0.911

Level of interrater reliability
Good

0.877
0.904

0.834-0.908
0.871-0.928

Good
Perfect

0.895
0.885

0.859-0.922
0.846-0.915

Good
Good

CI: Confidence interval

Table 3: The agreement between measurements of emergency medicine resident and neuroradiologist in the
dichotomized data
Measurements of emergency
medicine residents
Normal ONSD measurements
Enlarged ONSD measurements
Total

Measurements of neuroradiologist (gold standard)
Normal ONSD measurements*
139
39
178

Enlarged ONSD measurements
16
158
174

Total
155
197
352

*Measurements with ONSD <5.5 mm were categorized as normal and those with ≥5.5 mm enlarged. ONSD: Optic nerve sheath diameter

“good” (ICC: 0.833).[7] In another study conducted by
Yesilaras et al. to determine the diagnostic and prognostic
value of ONSD measurement by CT in patients with
spontaneous subarachnoid hemorrhage, IRR level of
four emergency medicine specialists was found to be
“good” (ICC: 0.84).[8] However, since the primary aims
of these studies were not to find the IRR level of raters
in ONSD measurements with CT, a limited number of
evaluators were included into analysis. The strength
of our study is that including 12 emergency medicine
residents. The characteristics of the studies calculated
IRR in ONSD measurement with CT are shown in
Table 4.
In studies comparing ONSD measurements with US,
the IRR ranged between 0.39 and 0.96, whereas it was
between 0.798 and 0.91 with CT.[5‑8,10‑14] It can be expected
that the IRR levels will be lower with US rather than
with CT. US examinations can be affected by many
factors that depend on the US device, and skill of the
physician, such as proper handling of the probe, image
optimization, measuring from the appropriate section,
viewing the optic nerve at an appropriate angle. CT has
a several advantages for ONSD measurements such as
minimizing artifacts, image reforming ability during the
evaluation, easier optic nerve location with comparative
images, and magnification of images.
In our study, the measurements in accordance with CT
planes, we found the emergency medicine residents’
IRR levels to be “good” among themselves and the
neuroradiologist both in axial and sagittal planes. We
have shown that measurements in axial and sagittal
planes do not affect the measurement results. In other
studies, IRR levels of measurement in axial and sagittal
sections were similar.[6,11,12,15]
120

Limitations
In our study, the residents evaluated CT images in the
department of radiology instead of chaotic environment
of the emergency department may have caused the
results to be more reliable. Our study was conducted in a
single center; it restricts the generalization of the results.
A single neuroradiologist was used as the gold standard;
however, intrarater reliability for the neuroradiologist
was not assessed.
The mean of ONSD was very close to the cutoff
limit (5.2 ± 0.57 mm for the axial plane and 4.9 ± 0.65
mm for the sagittal plane) in the selected CT for
normal ONSD that may lead to low sensitivity in
detecting. If CT images with a smaller diameter of
optic nerve had been enrolled in the study for the
normal ONSD, the sensitivity would be higher even
if there were a few millimeters of deviations in the
measurements.
The measurements made by a single neuroradiologist will
not reflect the measurements made by all radiologists. In
addition, a radiologist does not evaluate ONSD in their
daily practice. Therefore, comparing diagnostic abilities
of emergency physicians and radiologists has a limited
value in ONSD measurement.

Conclusion
ONSD measurements performed by senior residents on
CT are highly reliable, and it is well compatible with the
gold standard measurements.
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Table 4: The characteristics of the studies focused on interrater reliability in optic nerve sheath diameter
measurement with computed tomography
Studies, years
Yesilaras et al., 2017[8]
Hwan Kim et al., 2014[7]
Legrand et al., 2013[9]

Branch and number of raters
Emergency physician, 4
Emergency physician, 2
Neurosurgeon, 3

Sekhon et al., 2014[6]
The current study

Intensive care specialist, 2
Emergency medicine resident,
12 and neuroradiologist, 1

Results
ICC 0.84
ICC 0.833
Inter-observer variability 6%±5%
Cronbach’s a coefficient 0.893
ICC 0.91 (95% CI 0.89-0.93, P<0.0001)
Among emergency medicine resident ICC 0.798 (95% CI 0.777-0.818)
Between emergency medicine residents and neuroradiologist ICC 0.891
(95% CI 0.865-0.911)

ICC: Interclass coefficients, CI: Confidential interval
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Supplement Table 1: Measurements of the neuroradiologist and emergency medicine residents in axial and
sagittal planes
Axial plane (mm)
Measurement of
neuroradiologist
4.9
4.3
4.6
4.2
5.1
4.8
5.1
4.9
4.5
4.4
7.0
7.3
6.8
6.1
6.0
6.3
6.3
6.7
7.3
7.7
IQR: Interquartile range

Resident’s measurements
median (IQR)
5.0 (4.6-5.2)
5.5 (5.1-5.7)
4.6 (4.5-5.2)
4.5 (4.3-4.7)
5.3 (4.7-5.8)
5.3 (4.3-5.7)
5.3 (5.0-5.6)
5.3 (5.1-5.7)
4.8 (4.3-5.0)
4.9 (4.2-5.0)
6.8 (6.4-6.9)
6.8 (6.5-7.1)
6.7 (6.3-7.0)
5.7 (5.2-7.1)
6.1 (5.9-6.6)
6.2 (5.6-6.8)
6.2 (5.8-6.5)
6.2 (6.1-6.8)
7.1 (6.8-7.6)
7.8 (6.8-8.2)

Sagittal plane (mm)
Sum of
differences
3.3
14.2
2.4
2.6
3.1
4.1
4.0
4.6
4.2
4.9
4.1
5.4
4.8
5.0
5.3
3.0
4.2
4.2
3.5
3.0

Measurement of
neuroradiologist
4.3
4.2
4.1
4.3
5.0
5.0
5.3
5.3
4.5
4.7
6.9
7.2
6.2
5.9
6.2
6.2
5.9
6.5
7.1
7.2

Resident’s measurements
median (IQR)
4.7 (4.3-5.1)
4.9 (4.5-5.4)
4.1 (3.9-4.7)
4.5 (4.3-4.6)
4.9 (4.5-5.1)
5.2 (4.6-5.8)
4.9 (4.0-5.3)
5.6 (5.3-5.8)
4.8 (4.3-5.4)
5.1 (4.9-5.4)
6.9 (6.6-7.1)
7.1 (6.4-7.4)
5.8 (5.3-6.1)
5.8 (5.6-6.1)
6.1 (5.6-6.5)
6.3 (4.9-6.7)
6.1 (5.7-6.2)
6.1 (5.9-6.4)
7.4 (7.1-7.7)
7.5 (6.9-7.7)

Sum of
differences
4.8
10.8
2.3
2.2
2.1
3.2
8.8
3.4
6.5
4.8
4.9
4.3
7.9
1.6
5.3
4.2
3.6
5.9
3.3
2.4

