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Variability of optic nerve sheath diameter measurement on computed tomography; need for
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Abstract

Context: Computed tomography measurement of optic nerve sheath diameter (ONSD) is established for the
indirect evaluation of intracranial pressure in traumatic brain injury (TBI). There is however a significant
difference in the reported values across different techniques with no clear-cut range of values agreed upon.
Objective: To measure the ONSD of patients with TBI and those with normal brains using different window
settings and locations and compare with published values.

Methodology: Comparative evaluation of 300 ONSD measurements obtained from cranial CT examinations
at the Radiology department of a tertiary institution. Seventy-five patients had radiologic signs of TBI while
75 had normal findings (controls). For each subset, ONSD was measured at 3mm and 8mm retrobulbar
regions using spine window (ww/wl 250/50). ONSD was measured using additional settings (mediastinal
ww/wl 450/60 and soft tissue 380/40) for controls. Correlation between age, gender, and side of the ONS
complex at different lengths and contrast settings were also evaluated.

Results: The age range of the patients was 1-78 years, mean age of 40.4 years +£21.7 with male: female ratio of
3:1. The mean ONSD was statistically different (p<0.0001) using the different window settings with the
highest value obtained with the mediastinal window. There was also a significant difference(p <0.0001)
between the ONSD of TBI and control patients at §mm and 3mm retrobulbar regions but no correlation with
gender, age, and side.

Conclusion: Significant variations in the CT measurements of ONSD with regards to retrobulbar locations
and window settings highlight the need for standardization of protocols. Measurement taken at 3mm
retrobulbar using a spine window setting shows greater distensibility and details of the optic nerve and allows
for morereliable measurements.
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Introduction

The Gold standard for measurement of intracranial pressure, ICP is invasive and associated with
complications such as hemorrhage, infections, tube dysfunction, and blockage. Raised ICP causes distension
of the dural optic nerve sheath which can be measured indirectly using ultrasonography (US), computed
tomography (CT), and magnetic resonance imaging (MRI). These have been validated as reliable indirect
alternatives with studies showing a significant correlation between the measurements of ONSD in CT, USS,
and MR1 in terms of accuracy, sensitivity, specificity, and positive predictive value."”

CT is the imaging modality of choice in acute trauma
care settings and can evaluate both the pathology and
effect of brain injury with other radiologic signs of
raised intracranial pressure (ICP) seen. Despite these
validations on the use of ONSD, there is as yet no
amakaitanyil 995@gmail.com | +2348033240270 consensus on the protocols and cut-off values for
DOL: 10.61386/imj.v17i3 491 making a diagnosis of intracranial hypertension, ICH.
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A review of existing measurement used by the
different researchers thereby highlighting the
limitations and importance of standardization of
examination techniques.

Different researchers have indicated normal/abnormal
threshold (a cutoff value) of the optic nerve sheath
diameter from 4.8mm to 5.9mm with numerous
variations between these numbers.* These differences
are mostly due to disagreements on the exact position
and anatomical plane of measurement, imaging
modalities as well as window setting on CT. Lui and
Kahn’ have shown experimentally that the most pliant
part of the optic nerve sheath is located in the region of
its ampullar part with validation by Hansen and
Helmke® who showed that ONSD increased by up to
60% at a distance of 3mm behind the globe in
comparison to only 35% at 10mm. Measuring at this
location is however not universally accepted with
other authors suggesting measurements at the distal
aspect of the optic nerve 8-10mm from the globe
noting more stability of results with less standard
deviation at these regions.” Others have used 4mm, 2
to Smm behind the globe or not mentioning this
distance at all.**’

These variations in measurement are equally noted in
the choice of window settings for evaluation of the
optic nerve and brain since a thorough assessment of
the organs is dependent on choosing the appropriate
window setting on CT. Changes made in the window
level and width settings on CT scanning have been
shown to result in different values concerning the
intraocular contents.” The use of different ranges of
window and level settings, which bring into focus
different levels of brightness and contrast, is the staple
of'the interpretation of images on CT.

The range for measurement of ONSD is very narrow
and therefore precise, easy, and reproducible
measurements are necessary for further validation of
the use of ONSD as a reliable indirect measurement of
ICP.

Aim: This study aims to assess the differences in
computed tomography optic nerve sheath diameter
measurements in patients with normal brains and
those with radiologic signs of raised ICP using
different retrobulbar locations and window settings.

Materials and methods

This prospective study approved by the hospital
ethical committee (HREC/PR/2020/010/008)) was
conducted over 15 months, from (March 2020 - June
2021). The study groups included 75 patients who

were referred for cranial CT examination at the
Radiology department of a tertiary institution on
account of traumatic brain injury (TBI) [Group A] and

75 Patients with relatively normal brain findings and
non-ophthalmic clinical indications [Group B]. All
studies were performed with a Hispeed Toshiba 16-
slice CT scanner. The study subjects were placed in a
supine position in the CT scanner gantry and scanned
from the skull base to the vertex with contiguous axial
slices parallel to the inferior orbitomeatal line using
Smmislice thickness at intervals of 3mm.

For each subset of patients, ONSD was measured at
3mm and 8mm retrobulbar regions on axial orbital CT
images in a plane parallel to the optic nerve sheath
complex. The superior ophthalmic vein was used as
the landmark for the middle third for the orbital path of
the optic nerve. All measurements were made by two
experienced radiologists using the methodological
procedures.
CT window settings: For Group A (TBI patients)
bilateral ONSD measurements were taken at a
constant window setting 50/250 (which demonstrated
ONSD in complete and greatest detail).""
For Group B (control), ONSD was further measured at
3mm using the following window width(W) and level
(L) based on previous studies, such as: 250/50
(spine)," 380/40 ( soft tissue window)' and 450/40
(mediastinal window).” Correlation between age,
gender, and diameter of the optic nerve sheath
complex was also evaluated as well as the difference in
size of the complex between both eyes. A comparison
was made between the ONSD at the different levels
(3mm and 8mm retrobulbar distances) and the
different window settings (spine, soft tissue, and
mediastinal). Excluded from the study were patients
with clinicopathologic evidence of orbital pathology,
asymmetric scans, and scans with artifacts for any
reason (dental material, eye motion. etc.). The optic
canal was measured and values <3.5mm were
excluded.
The collected data was analyzed and interpreted
accordingly. Descriptive statistics methods adopted
were mean, median, minimum, maximum, and
standard deviation. Student’s t-test and Analysis of
variance (ANOVA) test were used accordingly to test
significant differences between various levels of
variables under study, also Pearson correlation was
used to evaluate the relationship between variables
with the level of significance setat 0.05.
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Result

The age of the patients ranged from 1 to 78 years old,
(mean 40 = 3.1) with 111(74%) males and 39 (26%)
females in a ratio of 3:1. Seventy-five patients had
radiologic signs of traumatic brain injury, while 75 had
normal brain findings on CT. There was no
statistically significant difference between the mean
ONSD of the right and left optic nerves and genders
however there was a significant difference in the mean
ONSD at 3mm and 8mm retrobulbar regions in both
subsets of patients. See Tables 1 and 2.

Comparison of ONSD at 3mm retrobulbar using
different window settings showed a statistically
significant (p<0.001) difference between the spine
window (ww/wl 250/50), soft tissue window (380/40)
and mediastinal window (450/40) with the highest
values noted with mediastinal window setting. (Table
3,Fig1Aand B)

Table 1: Comparison of ONSD to side and gender

NMeasurement

Smm Smm
Variables Mean | SD | Mean | SID | ¢ P-value
Group A (TBI)
NMale
Right ON i 210.6 5.910.7 16.245 | =0.001"
Left ON 1=+0.5 6.0+0.6 13.679
Female
Right ON 5.410.5 6.010.6 4.378 |[0.001~
Left ON 5.4+0.3 6.1=0.5 5.355
Group B (normal)
Male
Right ON 4.240.5 4.7+0.6 ©.788 |=0.001~
Left ON 4.2+0.6 4.840.5 11.906
Female
Right L)N 4.1+0.6 4.6+0.5 8.306 [=0.001"
Left 4.2+0.8 4.84+0.6 8.339
Sigr ‘,-n—n at 95%% L ——t-test statistic ON —optic nerve

Table 2: Comparison of ONSD measurements at 8mm and
3mm retrobulbar distances

Retrobulbar Distance
8mm 3mm
Mean=+SD | Mean+SD t

Variables

Group A (TBI)

Right ON

Left ON

Group B (normal brain)
Right ON

Lett ON

Significant at 95%

P-value

5.2+0.6
5.210.5

5.940.6
5.910.6

~<0.001"
<0.001"

16.358
14.675

4.2+0.6 4.7+0.6 12.879
4.2+0.6 4.8+0.6 14.586
t-test statistic ON-optic nerve

=0.001"
<0.001"

Table 3: Comparison of ONSD measurements using spine, soft
tissue, and mediastinal windows

Variables MeanitSD | Median | C1 Range
Spine (ww/wl 250/50) | 4.24+0.5 4.3 4.1-4.4 |3.1-5.1
Soft tissue (380/40) 5.24+0.6 5.2 5.1-5.4 |3.8-6.5
Mediastinal (450/40) |5.7+0.6 5.7 5.5-5.9 |4.3-6.8
F 91.157

P-valuc <0.001"

"Signilicant at 95%

F — ANOVA tcst statistic

Figure 1: ONSD of the same patient on A: spine window
(ww/wl 250/50) and B: mediastinal window (ww/wl
450/40).

Discussion

Despite the correlation between the different methods
of ONSD measurement, there is still a disparity in the
documented values for normal as well as threshold
above which ICP is suspected with values depending
on the imaging modality and technique of
measurement. Published data on CT assessment of
ONSD have quoted varied values based on different
techniques and modalities of measurement. This lack
of consensus on the precise method of assessment of
ICP using the already validated indirect methods is
disadvantageous considering the importance of early
diagnosis and management of ICH.

Measuring at 3mm retrobulbar, the mean normal
ONSD 4.7mm = 0.6 (range 3.2-5.5mm) in this study is
slightly higher than the study by Ozgen et al”’ using a
similar window level and width, which recorded a
mean ONSD of 4.4mm (normal range of 3.2—5.6mm)
but comparable to study by Gupta et al” in an Indian
population using the same location. They reported a
mean optic nerve sheath diameter of 4.78mm. They
did not use a fixed window setting but rather a window
width ranging from 40-60 HU and center ranging
from 250-300 HU was used which is within the range
of the index study. The mean normal ONSD measured
at 3mm retrobulbar in a study by Lim, et al” was
similar to the index study at 4.7 = 0.6. Though the
measurement location is the same as our study, the
contrast setting was not indicated making it difficult to
compare.

Our study however differed from the study by Fidor-
Mikita, etal" which reported mean ONSD as 5.2mm +
0.8 despite similar retrobulbar location and window
setting. It however should be noted that their study
population included patients with thyroid orbitopathy
with the majority (78.3%) presenting with proptosis,
most likely contributing to the dissimilarity.

The mean ONSD measurement at the 8mm
retrobulbar region was 4.2mm =+ 0.6. This is
comparable with the study by Lee, et al” in a Korean
population which recorded a normal mean ONSD of
4.2 £ 0.6 using constant window level and width
settings. A similar study in a Thai population recorded
higher values of ONSD at the retrobulbar region
(5.6mm=1.8) but lower measurements at the waist
regions (3.7mm = 0.8)."° However, no window setting
was included in this study making this irreproducible.
A large prospective study involving 300 healthy adult
patients showed that the ONSD varied from 3.55 +/-
0.82mmto 5.17 +/- 1.34mm in different locations with
the most stable results with the least standard
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deviation obtained when it is measured 8-10mm from
the posterior margin of the globe’. This is different
from the index study which had no significant
difference in standard deviation at the different
retrobulbar distances. We however noted the greatest
difference and distensibility of ONSD at the 3mm
retrobulbar location.

There was an appreciable variation in ONSD
measurements on changing the window settings. On
using the spine window, mean ONSD was 4.2mm =+
0.5 while mediastinal and soft tissue window
measurements were 5.7mm =+ 0.6 and 5.2mm =+ 0.6
respectively. This confirmed the findings that changes
made in the window level and width settings on CT
scanning have been shown to result in different values
with respect to the intraocular contents.’ The statistical
significance difference (P<0.001) in the window
settings and better contrast resolution obtained with
the spine window in this study was similarly observed
by Fidor-Mikitaetal."

This variation of measured values with window
settings is further reflected in the study by Vaiman, et
al’ using window settings (360/60) which showed a
mean ONSD of 5.06mm at 3mm retrobulbar.
Changing the contrast setting of our study to a
comparable range (380/40) yielded a similar ONSD of
52mm + 0.6. A study by Majeed, et al” using
mediastinal window recorded a normal mean ONSD
of 5.7mm + 0.58 which is same with the index study
which measured 5.7mm + 0.6) using the mediastinal
window. These findings further validate the need for
standardization of the technique of measurement.
Regardless of the imaging modality or technique of
measurement employed, ICP has been strongly
correlated with ONSD in different studies. The mean
ONSD of 75 patients with TBI was 5.3mm =+ 0.5 and
6.0mm + 0.6 at 8mm and 3mm retrobulbar
respectively. This is lower than the study by Turkin, et
al'” and Wagas, et al”® who recorded mean ONSD
values of 6.0 mm and 6.7mm =+ 0.82 respectively in
patients in the acute TBI period. Although these
studies involved measurements taken at 3mm axial CT
scans, the exact contrast parameters were not indicated
further validating the inconsistencies in technique and
most likely accounting for the difference from our
study.

CT-based measurement of ONSD has been found to be
a more accurate criterion for the determination of ICH
compared to such CT signs as compression of the
lateral ventricles, smoothing of the border of white and
gray matter, and lateral displacement."” It is therefore

imperative to recommend a cutoff point of ONSD at
which ICH is most likely to occur. Different authors
have proposed cut-off points ranging from >4.8mm to
6.35mm based on the differing techniques and
protocols of measurements with thresholds varying
with each study method."""***' The different studies
are however in agreement in the sense that no
correlation was found between ONSD and age,
gender, or side of measurement.

The narrow range for measurement of ONSD requires
a more precise, easy, and reproducible protocol to
make indirect evaluation of ONSD more reliable. This
index study notes the important findings that ONSD
measured via head CT correlates with other radiologic
signs of raised ICP as well as highlighting the
inhomogeneity of recorded values based on
differences in technique of measurements. The
greatest distensibility of the Optic nerve sheath was
noted with measurement taken at 3mm retrobulbar
region while the least standard deviation was noted
using the spine window setting.

The study is limited by the fact that comparison was
not done with the intraventricular monitoring which is
the gold standard for evaluation of intracranial
pressure and variability in the measurements by the
different radiologists was not considered.

Conclusion

This study shows significant variation in the
Computed tomography measurement of Optic nerve
sheath diameter depending on the retrobulbar
distances and window width and levels used. Based on
our findings and reviewed literature, we propose
measurement taken at 3mm retrobulbar as the most
distensible region using a spine window(ww/wl
250/50) which shows the margins of the Optic nerve
sheath in greatest detail . This will possibly reduce
variations in measurements, improve accuracy and
further validate its use as a reliable indirect indicator of
raised ICP.
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