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Abstract 
Background: Measuring optic nerve sheath diameter (ONSD), a relatively 
recent technique, allows an indirect and non-invasive diagnosis of intracrani-
al hypertension. The ONSD ratio to eyeball transverse diameter (ETD) in-
creases this reliability of the technique. The objective of this study was to de-
termine the normal ONSD and its ratio with ETD in black African adults in 
Benin. Methods: A descriptive cross-sectional study was conducted between 
May 2019 and August 2019. Ultrasound ONSD and ONSD/ETD ratio were 
measured in 210 healthy adults received in the medical imaging department 
of the Borgou and Alibori University Hospital Center in Benin. The ONSD 
corresponded to the average of 12 measurements (03 horizontal and 03 ver-
tical for each eye) taken 3 mm behind the papilla. The transverse ETD cor-
responded to the average of 03 measurements. Results: The mean ONSD was 
4.20 ± 0.28 mm (95% CI = [4.17; 4.24] mm and 95th percentile = 4.70 mm). 
The mean ETD was 24.25 ± 1.10 mm. The ONSD/ETD ratio was 0.17 ± 0.01 
(95% CI = [0.17; 0.17] and 95th percentile = 0.19). There was no difference 
between vertical and horizontal ONSD and between right and left ONSD. The 
ONSD and the ONSD/ETD ratio were not correlated with any of the so-
cio-demographic and anthropometric characteristics studied (sex, age, eth-
nicity, weight, height, body mass index, head circumference and waist cir-
cumference). The ONSD was associated with ETD (p < 0.001 and r = 0.55). 
Conclusion: An ONSD and an ONSD/ETD ratio respectively greater than 
4.70 mm and 0.19 should suspect intracranial hypertension. The ONSD/ETD 
ratio may be a better indicator of HICT because of its small variation. 
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1. Introduction 

Intracranial hypertension (ICH) is one of the major causes of mortality and 
neurological sequelae in neuro-intensive care [1]. Its reference diagnosis method 
is the intracranial pressure (ICP) monitoring with intra-ventricular or in-
tra-parenchymal sensors [2]. This invasive technique, with possible infectious 
and/or bleeding complications, is often not available in low and middle incomes 
countries like Benin. Neuroimaging techniques such as computed tomography 
(CT), magnetic resonance imaging (MRI) and transcranial Doppler ultrasound 
allow a non-invasive diagnosis [2] [3] [4]. However, each of them has its limits 
[2] [5] [6]. As diagnosis alternative, optic nerve sheath diameter (ONSD) mea-
suring, a relatively recent technique was developed [7] [8] [9]. Optic nerve 
sheath continuity with intracranial subarachnoid spaces explains the increase of 
its diameter in intracranial hypertension [10]. Sonographic ONSD measuring is 
a non-invasive, reproductible and easy-to-learn technique, with low intra- and 
inter-observer variability [11] [12] [13]. In addition, recent studies noted that 
the association of eye transversal diameter (ETD) measuring through the 
ONSD/ETD ratio improves the technique’s reliability in intracranial hyperten-
sion diagnosis [14] [15] [16]. Several studies suggest a DENO variation accord-
ing to ethnic origin [17] [18] [19] [20]. The efficient use of this technique in the 
benefit of our populations in Benin, where ultrasound is one of the most accessi-
ble imaging techniques, therefore, requires the prior sonographic determination 
of normal ONSD and ONSD/ETD ratio values, which is the objective of the 
present study. 

2. Methods 
2.1. Ethical Approval 

This study was approved by University of Parakou local biomedical research 
ethics committee and verbal informed consent (in the aboriginal language if ne-
cessary) from all subjects included in the study was obtained. 

2.2. Study Design 

This study was performed in the Borgou and Alibori University Hospital medi-
cal imaging department at Parakou in Republic of Benin. This cross-sectional 
descriptive and analytical study with prospective data collection was conducted 
between May 2019 and August 2019. The sample consisted of subjects recruited 
by a convenience sampling from patients received in the medical imaging de-
partment during the study period and who were at least 19 years of age. 
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Subjects with a history of head or orbital-ocular trauma, orbital-ocular pa-
thology that could lead to optic nerve (ON) damage, and those with a patholog-
ical abdominal volume increasing were not included. All subjects were examined 
by a neurologist to rule out any neurological disorders, particularly those sug-
gestive of intracranial hypertension. An ophthalmologist through a clinical ex-
amination and a fundus examination has searched and eliminated ocular and 
optic nerve pathologies. 

2.3. Ultrasound Measurement 

A radiologist with 15-year experience performed the B-mode ultrasound exami-
nations of the optic nerve with a Mindray ultrasound scanner model Digi Prince 
8800 plus® equipped with 5 - 10 MHz linear probe. Subjects were examined su-
pine. After applying a thin layer of gel on the closed upper eyelids, the patient 
was asked to hold the eyeballs immobile in primary visual gaze position. After 
the optic nerve was correctly individualized, two ultrasonographic sections were 
carried out: a cross section with the probe positioned horizontally and a sagittal 
section with the probe positioned vertically. In the hyperechoicretrobulbar fat, 
the optic nerve sheaths appear hyperechoic surrounding the hypoechoic optic 
nerve. Measurements were taken 3 mm behind the papilla and perpendicularly 
to the optic nerve axis, with the electronics cursors positioned on the sheaths 
external limits (Figure 1(b)). 

To determine a subject’s ONSD, six measurements per eye and 12 measure-
ments per subject were performed. An eye’s ONSD corresponds to the mean of 
vertical ONSD measured three times and also the ones of horizontal measured 
three times. A subject’s ONSD equal to the mean of his two eyes ONSD. 

The ETD was measured on a cross-section and corresponds to the maximum 
diameter (retina to retina) obtained by scanning eyeball from upper to lower 
part (Figure 1(a)). It was measured three times for each eye. An eye’s ETD is the 
mean of the three measurements and a subject ETD is the mean of both eyes (6 
measurements). 
 

 
Figure 1. Ultrasound images showing ETD (a) and of ONSD (b) measurement. 
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2.4. Statistical Analysis 

Variables studied were socio-demographic (age, sex, ethnicity), anthropometric 
(weight, height, body mass index, head circumference, waist circumference) and 
sonographic (ONSD, ETD and ONSD/ETD ratio). 

Data were analyzed using SPSS for Windows software Release 17.0 (SPSS, 
Chicago, IL, USA). Correlations were performed using Bravais Pearson’s coeffi-
cient “r”. A two-tailed probability of p < 0.05 was used as significance level. 

3. Results 
3.1. Study Population Description 

A total of 210 healthy volunteers free of any signs suggestive of intracranial 
hypertension were enrolled. The mean age was 32 ± 11.06 years (range: 19 - 72 
y). They were 116 (55.2%) males and 94 (44.76%) females. The sex ratio (M/F) 
was 1.23. 

The anthropometric data mean value was as follow: 
 Weight: 66.74 ± 11.16 kg (range 38 - 118 kg). 
 Height: 1.68 ± 0.10 m (range 1.48 - 1.92 m). 
 BMI: 23.64 ± 4.33 kg/m2 (range 14.65 - 44.62 kg/m2). 
 Head circumference: 55.50 ± 1.90 cm (range 45 - 60 cm). 
 Waist circumference: 81.80 ± 11.20 cm (range 60 - 118 cm). 

3.2. Measurements of ONSD, ETD and ONSD/ETD Ratio 

The mean ONSD was 4.20 ± 0.28 mm (95% CI = [4.17; 4.24] mm and 95th per-
centile = 4.70 mm). The mean ETD was 24.25 ± 1.1 mm with an IC95% = [24.10; 
24.40] mm. The mean ONSD/ETD ratio was 0.17 ± 0.01 (95th percentile = 0.19). 

Table 1 shows ONSD and ONSD/ETD ratio statistical description of the study 
population. 

ONSD do not vary according to axial or transverse sonographic section plan 
(r = 0.98 and p-value < 0.001), nor according to laterality (r = 0.89 and p-value < 
0.001). 

In bivariate analysis, head circumference (r = 0.02 and p-value = 0.0277) and 
ETD (r = 0.26 and p-value < 0.001) were associated with ONSD. In multivariate 
analysis, only ETD was associated with the ONSD (r = 0.55 and p-value < 0.001 
(Figure 2).  

There was no correlation between ONSD/ETD ratio and socio demographic 
(age, sex and ethnic group) and anthropometric (weight, height, BMI, head cir-
cumference and waist circumference) characteristics of the study population 
(Table 2). 

4. Discussion 

This study allowed us to determine the mean value of ultrasound ONSD and 
ONSD/ETD ratio in a healthy black African adult population in Benin. 
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Figure 2. Correlation between ONSD and ETD. 
 
Table 1. Basic descriptive statistics for ONSD, ETD, and the ONSD/ETD ratio. 

 Mean ± SDd (95% CIe) Median (IQRf) Minimum Maximum 

ONSDa (mm)     

Vertical 4.20 ± 0.28 (4.19 - 4.26) 4.18 (4.03 - 4.43) 3.46 5.01 

Horizontal 4.19 ± 0.28 (4.15 - 4.22) 4.14 (3.96 - 4.36) 3.53 5.19 

Right 4.14 ± 0.28 (4.11 - 4.18) 4.14 (3.95 - 4.33) 3.38 4.95 

Left 4.27 ± 0.30 (4.23 - 4.31) 4.19 (4.06 - 4.44) 3.64 5.23 

Overall 4.20 ± 0.28 (4.17 - 4.24) 4.16 (4.00 - 4.38) 3.54 5.07 

ETDb (mm)     

Right 24.20 ± 1.10 (24.07 - 24.37) 24.30 (23.60 - 24.80) 21.10 27.90 

Left 24.30 ± 1.10 (24.13 - 24.44) 24.30 (23.60 - 24.70) 21.70 28.70 

Overall 24.25 ± 1.10 (24.10 - 24.40) 24.20 (23.70 - 23.70) 21.40 28.30 

ONSD/ETDc     

Right 0.17 ± 0.01 (0.17 - 0.17) 0.17 (0.16 - 0.18) 0.14 0.22 

Left 0.18 ± 0.01 (0.18 - 0.18) 0.17 (0.17 - 0.18) 0.15 0.21 

Overall 0.17 ± 0.01 (0.17 - 0.17) 0.17 (0.16 - 0.18) 0.15 0.21 

a. optic nerve sheath diameter; b. eyeball transverse diameter; c. ONSD/ETD ratio, d. standard deviation; e. 
confidence interval; f. interquartile range. 

 
Several studies have determined the normal value of ultrasound-based ONSD 

in healthy subjects (Table 3). The mean ultrasound ONSD in this study was 4.20 
± 0.28 mm, value similar to the one obtained by Blehar et al. [21], Kolade-yunusa 
et al. [20], Kim et al. [22] and Shrestha et al. [19]. Several authors however have 
found different values. These include Lochner et al. [19], Bauërle et al. [12], 
Chen et al. [23] and Lefferts et al. [24] who found greater values and Goeres et al. 
[25], Wang et al. [26] et Ballantyne et al. [11] who in contrast found smaller val-
ues. Less precise linear probes use, sample size and number of measurements 
performed could explain the observed differences. Factors such as ethnic group 
difference and variations in “optic nerve” fibremyelination degree could also be 
responsible for the ONSD size variations observed. 
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Table 2. Findings of simple and multiple linear regression for factors associated with 
ONSD and with ONSD/ETD ratio. 

 

p-value 

Simple linear regression Multiple linear regression 

ONSDe ONSD/ETDf ONSD 

Age 0.540 0.644 - 

Sex 0.103 0.403 - 

Ethnic group 0.084 0.144 - 

Weight 0.8447 0.49 - 

Size 0.7525 0.4486 - 

BMIa 0.719 0.678 - 

HCb 0.0277 (r = 0.02) 0.115 0.15 

WCc 0.7438 0.845 - 

ETDd <0.001 (r = 0.26) - <0.001 (r = 0.55) 

a. body mass index; b. headcircumference; c. weast circumference; d. eye transversal diameter; e. optic nerve 
sheath diameter; f. ONSD/ETD ratio. 

 
Table 3. Summary of published studies estimating ONSD using ultrasonography. 

First author Year Country 
Probe 

frequency 
(MHz) 

Numbera Measurementsb 
ONSDc 
(mm) 

Lochner [16] 2016 Italy 4 - 11 20 6 5.95 

Bauërle [12] 2012 Germany 3 - 9 40 6 5.4 

Chen [23] 2015 China 3 - 12 519 4 5.1 

Lefferts [24] 2015 USA 7.5 - 10 20 6 4.99 

Blehar [21] 2008 USA 8.5 27 4 4.3 

Kolade-yunusa [20] 2017 Nigeria 7.5 150 4 4.20 

Our study 2019 Benin 7.5 - 10 210 12 4.20 

Kim [15] 2017 South Korea 3 - 11 585 6 4.11 

Shrestha [19] 2016 Nepal 6 - 13 88 6 4.1 

Goeres [25] 2016 Canada 6 - 13 120 4 3.68 

Wang [26] 2016 China 3 - 9 230 16 3.46 

Ballantyne [11] 2002 Ukraine 7 67 6 3.2 - 3.6 

a. Number of healthy subjects; b. Number of mesurements; c. optic nerve sheath diameter. 

 
In our series ONSD, do not vary according to study axis (horizontal or vertic-

al). This finding was also made by Geores and et al. [25] and by Maude and et al. 
[17]. This can be explained by the optic nerve roughly cylindrical shape [10]. 
Thus a single sonographic section ONSD’s measurement could consequently 
detect an intracranial hypertension. However, some authors have noted that an 
ONSD measured on a vertical section was significantly greater than the one 
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measured on horizontal section [27]. 
There was no ONSD variation between the two eyes in our study, as in those 

of many authors [19] [20] [22] [28] [29]. Therefore, ONSD measurement in the 
investigation of an intracranial hypertension could be performed on only one 
eye. 

ONSD/ETD ratio measurement is a new approach in the detection of intra-
cranial hypertension. Du et al. in a study of the ONSD/ETD and ultrasound 
ONSD ratios in the diagnosis of head injury in patients with head injury, found a 
sensitivity of 90% and a specificity of 82.3% for ONSD/ETD versus a sensitivity 
and specificity of 80% and 79.3% respectively for ONSD [16]. In addition to the 
likely diagnostic accuracy, this ratio has other advantages. 

Only ETD was associated with ONSD in our series. Kim et al. [15] [22] and 
Bekerman et al. [14] had led to the same result. In Wang et al. study, ONSD was 
associated with gender and BMI [26]. Goeres et al. for their part, found an asso-
ciation only with sex [25]. 

In this study, the mean ONSD/ETD ratio was 0.17 ± 0.01. Kim et al. in their 
study using ultrasound found a similar value (0.18 ± 0.02) [22]. A comparable 
result was obtained by Vaiman et al. who used computed tomography as 
imaging technique (0.19 ± 0.02) [30]. Using MRI, Kim et al. found different 
value (0.22 ± 0.01) [15]. The better tissue contrast of MRI could explain this dif-
ference. 

As in many other studies, this survey on, ONSD/ETD ratio was not influenced 
by socio demographic (age, sex and ethnic group) and anthropometric (weight, 
height, BMI, head circumference and waist circumference) parameters [15] [16] 
[30]. The interpretation of ONSD measurement in intracranial hypertension di-
agnosis should therefore take into account the ETD value. The ratio between 
these two parameters (ONSD and ETD) shows less inter-individual variation 
than ONSD. 

This study has some limitations. The first is that a direct measurement of in-
tracranial pressure was not performed. This pressure was considered normal 
based on the clinical information. Furthermore, inter-observer variability could 
not be studied. This remains a limitation even though several studies have noted 
low intra- and inter-observer variability [11] [30]. 

5. Conclusion 

The mean ONSD in our adult study population was 4.20 ± 0.28 mm. The ONSD 
is associated with ETD. The mean DENO/DTG ratio was 0.17 ± 0.01. An ONSD 
and an ONSD/ETD ratio respectively greater than 4.70 mm and 0.19 mm in an 
adult should be considered as increased, suggesting an ICH. This ratio has less 
inter-individual variability than the ONSD and thus appears to be more suitable 
for the non-invasive diagnosis of ICH. 
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