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Normal measurements of optic nerve sheath diameter in Indian population
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Abstract

Aims and Objectives: The aim of this study was to establish normal measurements of the optic nerve sheath diameter
(ONSD) on magnetic resonance imaging (MRI).

Materials and Method: 100 normal individuals between 3 months and 79 years were included in this study and diameter of
ONS was taken at 3 mm behind the globe in T2W sequence using 1.5 tesla Magnetom Essenza Siemens MRI machine and the
result was analysed.

Results: A total of 100 participants with mean age of 31.11 years were studied. The overall intraorbital mean ONSD was
4.656 mm (range: 3.6 mm-7.6 mm, (S.D.- 0.732) on Rt side; while on Lt side it was 4.663 mm (range: 3.3 mm-7.6 mm, (S.D.-
0.733). There were no statistical differences in the measurements between gender and also laterality. Our range were
consistent with many published data on ONSD.

Conclusion: There are few studies done in Indian population to measure normal ONSD. So, this study can be used as

reference in the management of conditions affecting ONSD.
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Introduction

Accurate imaging assessment of the OPTIC NERVE
SHEATH DIAMETER (ONSD) requires knowledge of the
normal anatomy and dimensions of these structures. The
ONSD comprises the optic nerve (ON) and optic nerve
sheath (ONS). Disease detection affecting the ONSD may
be made subjectively. However, objective measurement of
these structures is often a very valuable part of the
diagnostic assessment.
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Fig 1: Axial T2WI illustrating the normal optic nerve anatomy and
its 4 segments

A spectrum of diseases may affect the size of ONSD
[+ Multiple intracranial ~ pathology causing raised
intracranial pressure (ICP) such as cryptococcal meningitis,
trauma and neoplasm. Common clinical requests include
evaluation of the ONSD for conditions like atrophy or
neuritis and intracranial pathology causing mass effect on

The visual pathway structures. The World Health
Organization (WHO) estimates that approximately 1.3
billion people live with some form of visual impairment
globally, out of which 80% is considered avoidable ™ it is
important to know the accurate normal value of ONSD so
that we can achieve an early diagnosis, to allow prompt
intervention to maintain or restore vision and prevent
permanent blindness. Different modalities have been used in
the past to image the ONSD with varying degrees of
accuracy. Most of those modalities are outdated.

The older studies were based on computed tomography
(CT) scan and low-resolution magnetic resonance imaging
(MRI) images, which possibly could not measure the ONSD
accurately. Here we use the high-resolution MRI. As most
of the studies were done over the western world population
and very few over Indian population. The aim of this study
was to ascertain normal measurements of the ONSD in the
normal Indian population.

Aims and Objectives

The aim of this study is to establish normal measurements
of the optic nerve sheath diameter (ONSD) on magnetic
resonance imaging (MRI). The optic nerve is surrounded by
cerebrospinal fluid (CSF), which is contiguous with
intracranial CSF. Increased ICP is transmitted through this
subarachnoid space causing distention of the dural optic
nerve sheath, especially the retrobulbar segment 1. The
optic nerve and its surrounding sheath can be imaged and
measured on MRI using a fat-suppressed T2-weighted
sequence [ 31,
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Materials and Method

100 normal individuals between 3 months and 79 years were
included in this study and diameter of ONS was taken at 3
mm behind the globe in T2W sequence using 1.5 tesla
Magnetom_Essenza Siemens MRI machine and the result
was analysed. Measurements of the optic nerve sheath
diameter (ONSD) are most often taken at a distance of 3
mm from the posterior globe margin as this is believed to be
the site of maximum pressure changes along the long axis of
the optic nerve 6 7 81, The ONSD was measured just behind
the optic globe. The retrobulbar area was zoomed and then
ONSD was measured in an axis perpendicular to the optic
nerve, 3 mm behind the globe using an electronic caliper.

Fig 4: Measurement of optic nerve sheath diameter 3mm behind
the globe on T2-weighted magnetic resonance imaging

Exclusion Criteria

Patients with a history of optic neuritis, arachnoid cyst of
the optic nerve, high myopia, optic nerve trauma, head
trauma and anterior orbital or cavernous sinus mass are
excluded from the study.

Results

A total of 100 participants with mean age of 31.11 years
were studied: 50 females (50%) and 50 males (50%). The
overall intraorbital mean ONSD was 4.656 mm (range: 3.6
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mm-7.6 mm, (S.D.- 0.732) on Rt side; while on Lt side it
was 4.663 mm (range: 3.3 mm-7.6 mm, (S.D.-0.733).

Table 1: demonstrates a summary of the overall measurement

ONSD measured using magnetic resonance imaging
Means5D Minimum Maximurm
ONSD (mm)
Right 4,65620.732 3.40 7.60
Left 4.66320.733 3.0 1.60
Overall 465520732 330 1.60

There were no measurements with significant statistical
differences between males and females (Table-2, graph 1).

Table 2: demonstrates a summary of the overall males and females

measurement
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Graph 1

Discussion

This study reports normal measurements of ONSD in
normal Indian population using high-resolution MRI. There
were no statistically significant differences between males
and females for all the acquired measurements of the
anterior visual pathway. This finding is consistent with the
previous literature and is expected because there are no
known structural or physiological differences of the ONSD
between sexes.

Dural covering continues as optic nerve sheath that
increases in size, when there is raise in ICP. Edema of the
optic disc was earlier considered a sign of raised ICP, but
was not shown to be a sensitive marker as it takes many
days to develop Pl It was shown that ONSD increases
within seconds of raise in ICP. It was reported earlier that
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high-resolution MRI had been accurate at measuring ONSD
[10. 11" The reason of selection of MRI of the optic nerve
sheath as a reference is due to its high spatial resolution and
the clear delineation of orbital structures. In this study we
report normative values of ONSD measured on MRI. There
were no statistical differences in the measurements between
gender and also not with weight, height, BMI and laterality.
Our range were consistent with many published data on
ONSD.

Conclusion

Normal measurements of the intra-orbital ONSD on MRI
are 4.656+0.7 (range3.3-7.6). Inter-observer variability was
poor for the orbital ONSD. Therefore, we recommend that
measurements should be obtained by the single observer.
There are few studies done in Indian population to measure
normal ONSD. So, this study can be used as reference in the
management of conditions affecting ONSD.

References

1. Mncube SS, Goodier MD. Normal measurements of the
optic nerve, optic nerve sheath and optic chiasm in the
adult population. S Afr J Rad. 2019; 23(1):a1772.

2. Weigel M, Lagreze WA, Lazzaro A, Hennig J, Bley
TA. Fast and quantitative high-resolution magnetic
resonance imaging of the optic nerve at 3.0 tesla. Invest
Radiol, 2006; 41:83-86.

3. Seitz J, Held P, Strotzer M, Muller M, Volk M, Lenhart
M, et al. Magnetic resonance imaging in patients
diagnosed with papilledema: a comparison of 6
different high-resolution T1- and T2(*)-weighted 3-
dimensional and 2-dimensional sequences. J
Neuroimaging, 2002; 12:164-171.

4. Hansen HC, Helmke K.The subarachnoid space
surrounding the optic nerves. An ultrasound study of
the optic nerve sheath. Surg Radiol Anat, 1996; 18:323-
328.

5. Benevento JD, Garcia JPS, Baxter AB, Garcia PMT,
Holliday RA, Rosen RB, et al. Optic Nerve
Measurements in Normal Human Eyes by MRI.
Investigative Ophthalmology & Visual Science, 2004,
45-2398.

6. Robba C, Santori G, Czosnyka M, Corradi F, Bragazzi
N, Padayachy L, et al. Optic nerve sheath diameter
measured sonographically as non-invasive estimator of
intracranial pressure: a systematic review and meta-
analysis. Intensive care medicine. 2018; 44(8):1284-
1294,

7. Wang LJ, Chen LM, Chen Y, Bao LY, Zheng NN,
Wang YZ, et al. Ultrasonography Assessments of Optic
Nerve Sheath Diameter as a Noninvasive and Dynamic
Method of Detecting Changes in Intracranial Pressure.
JAMA ophthalmology. 2018; 136(3):250-256.

8. Kim DH, Jun JS, Kim R. Measurement of the Optic
Nerve Sheath Diameter with Magnetic Resonance
Imaging and Its Association with Eyeball Diameter in
Healthy Adults. Journal of clinical neurology (Seoul,
Korea). 2018; 14(3):345-350.

9. Hayreh SS. Pathogenesis of oedema of the optic disc
(papilloedema). A preliminary report. Br J Ophthalmol,
1964; 48:522-43.

10. Ozgen A, Ayding6z U. Normative measurements of
orbital structures using MRI. J Comput Assist Tomogr,
2000; 24:493-6.

11.

12.

13.

14.

15.

16.

17.

18.

www.medicalsciencejournal.com

Weigel M, Lagréze WA, Lazzaro A, Hennig J, Bley
TA. Fast and quantitative high-resolution magnetic
resonance imaging of the optic nerve at 3.0 tesla. Invest
Radiol, 2006; 41:83-6.

Geeraerts T, Newcombe VF, Coles JP, Abate MG,
Perkes IE, Hutchinson PJ, et al. Use of T2-weighted
magnetic resonance imaging of the optic nerve sheath
to detect raised intracranial pressure. Crit Care, 2008;
12:R114.

Mashima Y, Oshitari K, Imamura Y, Momoshima S,
Shiga H, Oguchi Y, et al. High-resolution magnetic
resonance imaging of the intraorbital optic nerve and
subarachnoid space in patients with papilledema and
optic atrophy. Arch Ophthalmol, 1996; 114:1197-1203.
Weigel M, Lagréze WA, Lazzaro A, Hennig J, Bley
TA. Fast and quantitative high-resolution magnetic
resonance imaging of the optic nerve at 3.0 tesla. Invest
Radiol, 2006; 41:83-86.

Lagreze WA, Lazzaro A, Weigel M, Hansen HC,
Hennig J, Bley TA, et al. Morphometry of the
retrobulbar human optic nerve: comparison between
conventional sonography and ultrafast magnetic
resonance sequences. Invest Ophthalmol Vis Sci, 2007;
48:1913-1917.

Bduerle J, Schuchardt F, Schroeder L, Egger K, Weigel
M, Harloff A, et al. Reproducibility and accuracy of
optic nerve sheath diameter assessment using
ultrasound compared to  magnetic  resonance
imaging. BMC Neurol, 2013; 13:187.

Shofty B, Ben-Sira L, Constantini S, Freedman S,
Kesler A. Optic nerve sheath diameter on MR imaging:
establishment of norms and comparison of pediatric
patients with idiopathic intracranial hypertension with
healthy controls. AINR Am J Neuroradiol, 2012;
33:366-3609.

Daniels D, Herfkins R, Gager W, et al. Magnetic
resonance imaging of the optic nerves and
chiasm. Radiology. 1984; 152(1):79-83.

27


http://www.medicalsciencejournal.com/

