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Abstract

Objective  The ultrasonographically detected optic nerve sheath diameter (ONSD) measurement is a practical and non-invasive method for the detection of increased intracranial
pressure. However, it is important to know the normal ONSD values of a healthy population in the interpretation of pathological ONSD values. In this study, we aimed to
investigate how the normal values of ONSD are distributed in normal healthy volunteers in Turkish population.

Materials  This descriptive cross sectional type design study was planned between November 15, 2019 and April 15, 2020. The study included 160 healthy volunteers who were over 18
and Methods  years of age and didn’t have acute and chronic systemic disorders. ONSD of the subjects were measured from both eyes ultrasonographically.

Results ~ ONSD means (median, IQR) of right and left eyes of the subjects were measured as 4.87 (0.41) mm and 4.86 (0.32) mm, respectively. Right and left eye ONSD measurements
were detected lower in female gender than men, and this difference was statistically significant. (p = 0.017 and p = 0.031, respectively).

Conclusion It was found ONSD value as 4.87 (0.41) for the right eye and 4.86 (0.32) mm for the left eye in healthy individuals in Turkish population in our study. Determination of
ONSD optimal reference values in healthy individuals would benefit in predicting increase in intracranial pressure in clinical practice.
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0z

Amag  Artmg intrakranial basing artiginin tespitinde ultrasonografik olarak tespit edilen optik sinir kilif capt (OSKC) él¢iimii pratik ve non invaziv bir ysntemdir. Bununla birlikte patolojik OSKC
degerlerinin yorumlanmasinda saglikli bir popiilasyonun normal OSKC degerlerinin bilinmesi Gnem arz eder. Biz bu ¢alismada Tiirk popiila daki normal saghkli goniillilerde OSKQ
normal degerlerinin nasil dagildigint arastirmak istedik.

Gereg ve  Bu kesitsel tipte tamimlayici arastirma, 15 Kastm 2019 ile 15 Nisan 2020 tarihleri arasinda planland. Calismaya 18 yas iistii, akut ve kronik sistemik rahatsizligr bulunmayan 160 saglikli
Yontemler  giniillii dahil edildi. Deneklerin her iki gozden ultrasonografik olarak OSKC lar: dlgiildii.

Bulgular  Deneklerin sag ve sol goz OSKC ortalamalari (median, IQR) sirastyla 4,87 (0,41) mm ve 4,86 (0,32) mm olarak él¢iildii. Sag goz ve sol goz OSKC él¢iimleri bayan cinsiyette erkeklere gore daha
diisiik saptand ve bu fark istatiksel olarak anlamliyds. (p=0,017 ve p=0,031, sirasiyla).

Sonu¢  Calismamizda Tiirk popiilasyonunda saglikli erigkinlerde OSKC olgiimleri sag goz iin 4.87 (0.41) mm sol gz igin 4.86 (0.32) mm olarak tespit edildi. Saglikli bireylerde OSKC optimal referans
degerlerinin belirlenebilmesi klinik pratikte kafa i¢i basing artisin ongormede fayda saglayacaktir.

Anahtar

Kelimeler optik sinir kilif caps; ultrasonografi; saglikh goniillii
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INTRODUCTION
Increased intracranial pressure (ICP) is one of the com-
mon conditions in patients admitted to the emergency ser-
vice, and close clinical follow-up is often required for these
patients.”” In addition, early and accurate diagnosis is of
great importance in preventing possible complications and
determining treatment strategies in these patients.*® ICP
can be measured with tools that can be placed intraparen-
chymal and intraventricular. Although ICP can be meas-
ured directly with these tools, there are dangerous compli-
cations of it such as bleeding and infection. Moreover, they
are not cost-effective, require intensive care conditions and

are therefore preferred in selected patients.**”*

The optic nerve sheath can be described as a continuation
of the intracranial dura surrounding the subarachnoid
space.” Changes occurred in ICP are also reflected in the
optic nerve sheath via subarachnoid fluid.>"* The optic
nerve sheath diameter (ONSD), which can also be meas-
ured ultrasonographically, has taken its place as a non-in-
vasive method used to predict ICP. Being easily applicable,
inexpensive, repeatable and non-interventional procedure
is one of the reasons why ultrasonography is preferred in
the emergency service.'>'? Although the expansion in the
optic nerve sheath can be visualized with increased intrac-
ranial pressure, an optimal ONSD value has not yet been
reached in the representation of increase in ICP. Moreover,
potential factors such as genetic structure and racial differ-
ences that may affect the optic nerve sheath have not been
fully investigated due to the lack of studies performed on
this subject. In the light of current information, there is no
study conducted on ONSD on normal healthy volunteers
in Turkish population in the literature. In this study, it was
aimed to investigate how the normal values of ONSD are
distributed in normal healthy volunteers in Turkish pop-

ulation.

MATERIALS and METHODS
This descriptive cross sectional type design study was con-

ducted in emergency service of a tertiary hospital between

November 15, 2019 and April 15, 2020. During the study,
the principles of Helsinki Declaration were adhered to,
and written informed consents of all participants were ob-
tained. Approval was obtained by Bozok University Facul-
ty of Medicine Ethics Committee before the study started
(Ethics Committee date / number: 30.10.2019 / 2019-10-
244).

Healthy volunteers who were over 18 years of age and
didn’t have acute and chronic systemic disorders were en-
rolled in the study. Study individuals were composed of
the relatives of the patients admitted to emergency service
and university hospital staff volunteering to participate
in the study. The individuals who were under the age of
18, had a history of cardiovascular disease, had neuro-
logical problems, had endocrinological diseases such as
hypertroidism, hypotroidism and diabetes mellitus, had
immunological and rheumatological diseases, had ocular
disorder (vasculitis, tumor, glaucoma etc.) affecting the
optic nerve and intraocular pressure, and used drugs af-
fecting ICP and intraocular pressure were excluded from

the study.

Heights, weights, ages and genders of the subjects accepted
to the study were recorded. Then, ONSD measurements of
the patients were performed ultrasonographically. HM70A
with Plus ultrasound system (Samsung Medison Co., Ltd.,
Seoul, Korea) and 7-16 Mhz linear probe were used for the
ultrasonographic examination. The subjects were placed
on a stretcher in a supine position with a comfortable head.
The eye socket was filled with a water-soluble and conduc-
tive gel when eyes were closed. The linear probe was placed
on the eyeball filled with gel. The optic nerve was detected
3 mm behind the optical disc displayed behind the eye-
ball. Measurements were performed using an electronic
caliper from this line. Optical nerve arachnoid differentia-
tion was determined on ultrasonographic imaging (Figure
1). Measurements were realized by 4 emergency medicine
specialists. Three measurements were taken for each eye

and the mean of these measurements was recorded.
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Statistical analysis: Statistical analyzes were performed us-
ing IBM SPSS statistics version 22 software. The suitabili-
ty of variables to normal distribution was examined with
Kolmogorov-Smirnov test. Descriptive analyzes were giv-
en using the median and interquartile ranges for non-nor-
mally distributed variables. Comparison of independent
variables that did not show normal distribution was made
using Man-Whitney U test. Correlation coeflicients and
statistical significance were calculated for the associations
between non-normally distributed variables using Spear-

man test. P-values below 0.05 were considered statistically

significant.
Table 1. Demographic characteristics and ONSD measurements
of healthy subjects.
Study Group n=160
Gender, n (%) :
Male 74 (46.2)

Female 86 (53.8)
Age 35(11)
Height, (m) 1.68 (0.1)
Weight , (kg) 75 (15)
BMI, (kg/m2) 25.8(3.97)
R-ONSD, mm 4.87 (0.41)
L-ONSD, mm 4.86 (0.32)
BMI: Body mass index, R-ONSD: Right eye optic nerve sheath
diameter, L-ONSD: Left eye optic nerve sheath diameter, Data
were expressed as n (%) and median (interquartile range).

B/FA10/P95/Frq Gen./3.0cm

Figure 1: Ultrasonographic view of the optic nerve sheath

diameter of a 25-year-old young individual

RESULTS
The average age of the subjects participating in the study
was 35 (11), and 74 were male (46.2%) and 86 (53.8%)
were female of them. Mean ONSD values of the subjects
were measured as 4.87 (0.41) mm (median, IQR) for the
right eye and 4.86 (0.32) mm for the left eye. The demo-
graphic data of the patients were shown in . Right eye and
left eye ONSD measurements were lower in female gender
than men, and this difference was statistically significant

(p=0.017 and p = 0.031, respectively) (Table 2) (Figure 2).

Table 2. Comparison of ONSD measurements between gender
and right eye/left eye
ONSD, mm Between gender p-value
Male Female
Right eye 4.92(0.3) 4.81(0.54) 0.017
Left eye 4.89(0.2) 4.81 (0.49) 0.031
Between right/left eye
Right eye Left eye
ONSD,mm 4.87(0.41) 4.86 (0.32) 0.636
ONSD: Optic nerve sheath diameter, Data were expressed as
median (interquartile range)
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Figure 2: Box plot of the ONSD of different genders accord-
ing to right and left eye.

The association between the patients’ mean ONSD values
and age, height, weight and BMI values were examined.

No association was found between ONSD values of both
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right and left eyes, and age, height, weight and BMI values
(Table 3).

Table 3. Correlation analysis of optic nerve sheath diameter
between weight, height and body mass index

p-value r-value
Right eye
Weight, (kg) 0.301 0.082
Height, (m) 0.238 0.094
BMI, (kg/m2) 0.592 0.043
Age 0.490 0.055
Left eye
Weight, (kg) 0.299 0.083
Height, (m) 0.339 0.076
BMI, (kg/m2) 0.514 0.052
Age 0.506 0.053
BMI: Body mass index, r-value: Correlation coefficient

DISCUSSION
In this study, the normal ranges of ONSD values in healthy
individuals in Turkish population were investigated. The
main findings of this study can be summarized as follows.
1) ONSD value in healthy volunteers was found to be 4.87
(0.41) for the right eye and 4.86 (0.32) mm for the left eye.
2) No statistically significant association was detected be-
tween ONSD values and height, weight, BMI and age. 3)

ONSD values were observed lower in female gender.

In the studies performed so far, ONSD reference range has
differed in healthy volunteers. In the study performed on
Chinese healthy volunteers by Chen et al., they reported
mean ONSD value as 5.1 £ 0.5 mm."” Goeres et al. found
the mean of ONSD to be 3.68 + 0.36 mm in their study con-
ducted on 120 healthy volunteers." In the study realized
on 101 healthy volunteers of Bangladesh origin by Maude
et al., the mean ONSD value was 4.41 (4.24-4.83) mm."®
Bauerle et al. observed the mean ONSD value as 5.4 + 0.6
mm in their study performed on 40 healthy volunteers in
Germany.'® In our study, although the mean ONSD values
were close to the values in these two studies'*"” performed,

they were less than the average value found by Chen et

al.’, but more than the mean value reported by Maude
et al.'® These differences in ONSD values may be due to
the differences in ethnic origin or ultrasonographic meas-
urement techniques. Sargsyan et al. argued that it is not
correct to measure only the ‘black stripe’ behind the globe
without visualizing the differentiation of the optic nerve
and arachnoid in ONSD measurement in their study.”
Goeres et al. reported that they took the ‘black stripe’ as a
basis in their measurements. Although there is no defin-
itive judgment, measurement methods may also have an
impact on the lower ONSD values observed by Goeres et
al.'* Optic nerve and arachnoid differentiation were taken

into consideration in ONSD measurement in our study.

Chen et al. presented that there was no significant linear
association between ONSD-age and ONSD-weight.”* They
also found a statistically significant correlation between
ONSD and height but detected that the correlation coefhi-
cient was too low. They therefore argued that this associa-
tion should be considered independent of clinical interpre-
tation. Goeres et al. revealed that there was an association
between ONSD and gender, but reported that there was
no association between age, weight or height and ONSD.**
ONSD values were lower in female patients than in men in
their study. Bauerle et al. stated that there was no correla-
tion between ONSD and age, BMI and gender.'® Any cor-
relation between ONSD and age, height, weight and BMI
was not found in our study. However, in accordance with
the results of Goeres et al.", ONSD values were observed
lower in female individuals than in men in our study. The
difference in ONSD values between women and men may
indicate that different threshold values are needed to pre-
dict ICP increase. Also, there was no difference between
the right and left eyes in terms of ONSD measurement in
our study. This may mean that a single eye measurement is

sufficient to predict ICP increase.

Limitation: There were some limitations in this study.
Firstly, direct measurement methods were not used for

ICP estimation of the subjects. According to medical his-
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tories and physical examination findings of the subjects, it
was concluded that their ICPs were normal. The study was
conducted only on adult subjects with BMIs below 30kg /
m2. Therefore, our study cannot predict the mean ONSD
values of the obese and pediatric age groups. New studies

are needed to clarify this issue.

Conclusion: Predicting ICP is critical in many patients ad-
mitted to the emergency service. It was found ONSD val-
ue as 4.87 (0.41) for the right eye and 4.86 (0.32) mm for
the left eye in healthy individuals in Turkish population
in our study. Secondly, there was no association between
ONSD and age, height, weight and BMI, but ONSD values
were lower in female subjects than in men. Determination
of ONSD optimal reference values in healthy individuals
will benefit in predicting ICP increase in clinical practice.
However, larger studies on healthy volunteers to define

ONSD normal values are needed.

This study was approved by Bozok University Faculty
of Medicine Ethics Committee (Ethics Committee date /
number: 30.10.2019 / 2019-10-244).
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