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Determination of normal values of optic nerve sheath diameter in Turkish adult
population using magnetic resonance imaging
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Abstract

The measurement of optic nerve sheath diameter (ONSD) is a reliable tool for the estimation of increased intracranial pressure (ICP). However, it
is known that racial changes can occur in human anatomy. In the present study we aimed to determine the normal values of ONSD in Turkish
adult population. This retrospective study involved the collection of data between June 1, 2015, and May 31, 2019, and was conducted on 291
adults known to have no increased cranial/intraocular pressure. The ONSD was measured at 3 mm posterior to the globe on MR images. 291
subjects were enrolled, 63.6% of whom were female. The total median ONSD was 4.40mm (4.20- 4.70). The median ONSD of the male
participants was 4.50mm (4.25-4.75), of the female participants was 4.35mm (4.15-4.50) and the difference was statistically significant (p =
0.001). According to statistical analysis, it was found that only the presence of chronic renal failure altered the median of ONSD among the
comorbid diseases (p = 0.042). Monitoring and treating increased ICP is crucial. Thanks to an ONSD with a known normal value, recognition and
emergency management of this pathology would be easier. We think our study is noteworthy because it is the first study investigating the normal
ONSD value in Turkish adult population.

Keywords: MRI, normal value, optic nerve sheath diameter, Turkish adult population

1. Introduction

The optic nerve, also called the second cranial nerve, transfers (6). Samarawickrama et al. reported that after adjusting for

visual information from the retina to the vision centers of the
brain via sensory nerve impulses. It is surrounded by
cerebrospinal fluid, and its sheath is anatomically continuous
with the duramater (1). This anatomical feature is so
important. Such that, when the presence of increased
intracerebral pressure (ICP), increased pressure will be
transmitted from the subarachnoid space to the optic nerve
and the surrounding nerve sheath. So, the detection of an
increase in optic nerve sheath diameter (ONSD) due to this
pressure may indicate an increase in the ICP (2, 3).

Nowadays, the mean upper limit for ONSD is accepted as
5 mm at most in adults (4). However, it may be wrong to
assume that there is a universal ONSD value for all people
around the world because it is known that there are variations
in orbital anatomy with age, sex, and race.

A study conducted by Varma et al. was demonstrated that
the mean optic disc area was 12% larger in Blacks compared
to Whites (5). Wang et al. found significant differences in the
lens position and relative lens position among various ethnic
groups such as White, Asian, Hispanic, and Black populations
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age, gender, axial length, birth weight and optic-disc area,
East Asian children had 30—43% larger mean vertical cup
diameters compared to European Caucasians (7). The average
cup/disc ratio in blacks (0.35) was significantly greater (p <
0.0001) than that in whites (0.24) for both right and left eyes
(8). Moreover, there are also many other studies which have
demonstrated that the ethnic background of the patients
affects the optic nerve and eye anatomy (9-13).

We thought that it would not be surprising that a similar
situation is also valid for ONSD. Based on this assumption,
the aim of this study was to establish a reference scale of
optic nerve sheath diameter in Turkish population using
Magnetic Resonance Imaging (MRI).

2. Materials and methods

This retrospective study was approved by Umraniye Training
and Research Hospital local ethics committee and was
retrospectively conducted on 291 patients who visited our
hospital between June 1, 2015, and May 31, 2019. The data of
the patients’ descriptive characteristics and MR images
included in our study were taken out from our hospital's
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medical records. Since the study was retrospective, the
informed consent was not requested from the patients. This
study conformed to the principles in the declaration of
Helsinki.

The patients over the age of 18 who were requested orbital
MRI for various reasons and then reported as normal MRI
results were included to our study. The patients with any
ophthalmologic or neurological disorders, patients using
medications and/or eye examination findings (trauma, tumor,
infection, papillary edema, glaucoma etc.) that affect
cerebrospinal fluid pressure, and those with poor imaging
quality due to movement or metallic artifacts were excluded
from the study. The included eye examination findings were
the findings admitted not needed rapid emergent intervention
such as dry eye, retinopathy with no papilledema and
hemorrhage, stye, hyphemia, scleritis etc.

Because of its greater accuracy, reliability, objectivity,
and lower observer-dependent nature, we planned to use MRI
for ONSDm in our study. MRI scans were performed on an
Optima™ MR450W (1.5T, General Electric Company,
United States) machine according to routine imaging
protocols. The measurements were retrospectively analyzed
with computer-assisted segmentation and performed manually
by two neuroradiologists.

ONSD measurements were taken in the supine position.
Axial T2-weighted MR images were used to measure the
ONSD of each eye. ONSD is defined as the distance between
the outer edges of the thick sheath layers covering the optic
nerve. The measurement was performed from the image plane
at the posterior aspect of the globe and at 3 mm behind the
globe in an axis perpendicular to the optic nerve.

Statistical analysis was performed using the SPSS (IBM
Corp. Released 2019. IBM SPSS Statistics for Windows,
Version 26.0. Armonk, NY: IBM Corp.). The normality of the
distribution of continuous and discrete variables was tested
using histograms, Q-Q plots, and the Shapiro Wilk test.
Categorical data were expressed as number and frequency.
Continuous variables with normal distribution were described
with mean (SD). The quantitative data with non-normal
distribution were expressed by median and interquartile range
(IQR). Mann Whitney-U and Kruskal-Wallis tests were used
to compare quantitative data with non-normal distributions. P
value of less than 0.05 was admitted statistically significant.

The primary outcome is a reference scale of optic nerve
sheath in Turkish population. Secondary outcomes are
changes in the measurement of ONSD (ONSDm) among with
demographic and clinical characteristics of the patients.

3. Results

291 patients who met the inclusion criteria out of 920 patients
performed orbital MRI during the study period was included,
and their ONSD was measured. A patient flow chart is shown
in Fig. 1.
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Fig.1. Patient flow chart

Of these 291 patients, 185 (63.6%) were women. The
median age of the patients was 41 (30-52) and their
descriptive characteristics are summarized in Table 1.

Table 1. Descriptive characteristics of the patients

41 (30-52)
185 (63.6)
Diabetes Mellitus 34 (11.7)
Hypertension 48 (16.5)
Coronary Artery Disease 12 (4.1)
Hyperlipidemia 24 (8.2)

Chronic renal failure 3(1)
Malignancy 3(1)
Ischemic Stroke 1(0.3)
Chronic obstructive pulmonary disease 21(7.2)
Geographical region where the patient ID is
registered

/N (%) ]
Aegean 6(2.1)
Marmara 55 (18.9)
Black Sea 115 (39.5)
Mediterranean 4(1.4)
Central Anatolia 41 (14.1)
Southeastern Anatolia 7(2.4)
Eastern Anatolia 63 (21.6)

The median of the right optic nerve sheath diameter
(ONSD) of the patients was 4.40mm (4.20 - 4.70), the median
of the left ONSD was 4.30mm (4.10 - 4.60), and the median
of the total (right and left) ONSD was 4.40mm (4.20 - 4.70).
When the difference between right and left ONSD was
examined, no statistically significant difference was found
(Mann Whitney-U test, p = 0.319). Primary outcome
measures are summarized in Table 2.
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Table 2. Primary outcome measures

_ Median (OA)ZS ) 0/075 IQR) -

Right ONSD (mm) 4.40 (4.20 - 4.70)

0.319
Left ONSD (mm) 4.30 (4.10 - 4.60)
Total ONSD (mm) 4.40 (4.20 - 4.70)

ONSD: Optical nerve sheath diameter; IQR: Interquartile range;
mm: millimeter

When the age of the patients included in the study was
divided into decades starting from the age range of 18-29,
there was no statistically significant difference between
decades and median ONSD. (Kruskal Wallis test, p = 0.489).

The median ONSD value of male patients was 4.50mm
(4.25-4.75). It was also calculated as 4.35mm (4.15-4.50) for
female patients, and this difference was statistically
significant (Mann Whitney-U test, p = 0.001).

While the median ONSD value of patients without chronic
renal failure (CRF) was 4.40mm (4.20-4.60), the median
Table 3. Secondary outcome measures

ONSD value of patients with CRF was 4.75mm (4.65-5.00).
This result was found to be statistically significant (Mann
Whitney-U test, p = 0.042). When the medians of ONSD of
the patients were compared according to diabetes mellitus,
hypertension, coronary artery disease, hyperlipidemia,
malignancy and COPD groups, no statistically significant
difference was found (Mann Whitney-U test, respectively p =
0.963,p=0.739,p=0.139, p=0.881, p=0.722, p = 0.658).

When the relationship between the ONSD and the
geographical regions of the patients where they were
registered was examined with the Kruskal Wallis test, it was
found as p = 0.02. But no statistically significant difference
was found in the comparisons between the groups (Bonferroni
correction was applied, and significance threshold was
accepted as p < 0.00238 after Bonferroni correction).

During our analysis, the eye examination findings of the
patients included in the study were dichotomized as "normal
examination finding" and "pathological examination finding",
no statistically significant difference was found between the
mean ONSD (Mann Whitney-U test, p = 0.058). Secondary
outcome measures are summarized in Table 3.

ONSD (mm) . L.
NA

Age (Categorical) 0.489 Kruskal Wallis
Gender 0.001 Mann Whitney-U
Male 4.50 (4.25-4.75)
Female 4.35 (4.15 - 4.50)
Presence of comorbidity 0.844 Mann Whitney-U
Present 4.38 (4.20 - 4.60)
Absent 4.40 (4.18 - 4.60)
Ge(?graphlcal region where the patient ID is NA 0.02% Kruskal Wallis
registered
Eye Examination Findings (Dichotomous) 0.058 Mann Whitney-U
Normal Examination 4.40 (4.20 - 4,60)
Pathological Examination (mean +- SD) 4.30 (0.29)

*Although p = 0.02, no statistically significant difference was found in the comparisons between groups (Bonferroni correction was applied).
mm: millimeter, ONSD; optical nerve sheath diameter, SD; standard deviation

4. Discussion

Many invasive and noninvasive methods can be applied to
monitor the ICP. While lumbar puncture one of the invasive
methods is not reproducible, intraparenchymal probe and
intraventricular catheterizations which are the gold standard
in diagnosis cannot be applied under all conditions.
Therefore, non-invasive procedures such as tympanic
membrane replacement, CT, MRI, fundoscopy, transcranial
doppler USG and USG-mediated optic nerve sheath diameter
measurement (ONSDm) are used more (14, 15).

In today's practice, USG-mediated ONSDm has become
more preferred compared to other non-invasive methods due
to its bedside applicability, reproducibility, and easy
accessibility to show pressure increase (16-18). And during

the uses of this method, the accepted upper limit of normal
ONSD values are < 5.0 mm for adults (>15 years of age), 4.5
mm for children and 4.0 mm for infants (19). Despite this
accepted value, in studies conducted, this diameter was
measured as 4.41 mm (4.25-4.75) in Bangladeshi and 5.1 mm
(4.7 - 5.4) in Chinese (4, 20). In another study, where the
average ONSD of both eyes was not given; The median right
ONSD was 4.11 mm (3.36-4.86) and the median left ONSD
was 4.35 mm (3.77-5.10) in Nigerian adult population.21 In
our study, the median of the total (right and left) ONSD was
found to be 4.40 mm (4.20 - 4.70). The different ONSD
results obtained in all these studies strengthen the view that
this diameter can vary between ethnic origins.

Our study is the first study that examined ONSD, and
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demographic data associated with it in a population living in
Turkey, according to our knowledge. In addition to this, the
results of some studies performed in Turkey can allow the
comparison of our ONSD findings, by using their control
groups' ONSD values. In a study using CT that have 61
patients in its control group consisting of the patients with
normal CT findings and discharged, the median ONSD mean
of both eyes was reported to be 5.76 mm (IQR: 0.96).22 In
another Turkish study wusing CT, this diameter was
determined as 4.9. 23 Although they are made in Turkey, the
racial characteristics of patients included to the study were
not specified in both ones. Additionally, the results of our
study are more reliable because of it is an MRI study and also
it was performed with more patients.

In our study, the effects of comorbid diseases and the sex
on ONSDm were also investigated. Differently from previous
studies, a statistically significant difference in ONSD was
found between genders in our study (21, 24). In addition,
presence or absence of comorbid diseases included in the
study did not change ONSDm statistically significantly
except for CRF. However, only three of the patients included
in the study were CRF patients. We think that studies with
larger sample size are needed to make a more accurate
interpretation. In addition to this, it should be kept in mind
that the population we investigated did not include ICP and its
complications. In the case of developing the ICP and its
complication, we can see that the ONSD of patients with
comorbid disease is affected more than those without
comorbid disease.

There are some limitations to our study. In terms of
representing the Turkish population, our study has been
carried out with a relatively small sample size and a
predominantly local population. However, one of the
important factors limiting the large sample size is the
preference of MR-mediated ONSDm in our study. Although
the MR scan has low interobserver variability and greater
accuracy, it is also difficult for ONSD associated studies to
involve completely healthy volunteers and to use MRI to
reach large sample sizes. Moreover, the funding of the study
and allowing dedicated MR devices to be used for the study is
not easy too. For these reasons, it was included the patients
who applied to the hospital with any complaint required MRI
examination and did not have ICP findings in this study.
Despite the limitation about its sample size, this study gives
the first insights into normal optic nerve sheath diameters in
Turkish population. In addition to this, considering that our
study covers a period of nearly 4 years, the sample size can be
increased with multi-center studies using a similar method.

To identify increased ICP is very important for preventing
possible herniation and death. ONSD has been proven as a
parameter for measuring ICP indirectly. As a result, ONSD of
4.40 mm is the normal value in Turkish adult population
according to our study. Despite its limitations, the results of
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our study are important for the management of these patients.
Moreover, we think that the results we obtained will provide
an idea for further studies in which pathological values will
be investigated.
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