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ABSTRACT 
 

Aim: To establish a local nomogram of Computed Tomographic measurement of Optic Nerve 
Sheath Diameter and determine the values that can objectively predict raised intracranial pressure. 
Study design:  observational retrospective study 
Place and duration of study:  Department of Radiology of University of Abuja teaching hospital, 
Abuja from March 2016 to February 2020. 
Methodology: We included  images of 356 patients referred to the Radiology department for brain 
CT. Data was grouped into three:(A) 200 non head injury patients as control,(B) head injury 
patients without radioclinical signs of raised ICP ,(C) head injury patients with at least one 
radiologic sign of  raised ICP.ONSD  obtained in axial scans at 3mm retrobulbar region at constant  
window width and level of 250/50 were analysed using SAS software version 9.3 and statistical 
level of significance set at 0.05. 
Result: Mean ONSD of 200 normal patients was 4.4mm± 0.5 with no significant correlation with 
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age and side. Mean ONSD of 118 head injury patients with CT signs of raised ICP was 6.0mm±0.7 
while mean ONSD of 38 head injury patients without CT signs of raised ICP was 4.3mm±0.7. 
ONSD was slightly higher in patients with significant midline shift compared with patients without 
shift but no correlation with degree of shift. The ONSD value above which raised ICP can be 
predicted with the highest sensitivity and specificity was >5.2mm with Receiver Operating 
Characteristic curve (ROC) demonstrating an area under the curve of 0.9796 (p-value < 0.0001) 
with specificity of 93.5% and sensitivity of 90.7%. 
Conclusion: There is a positive correlation between ONSD measurement on CT and intracranial 
pressure. This measurement is therefore recommended as an additional indirect radiological 
marker of raised ICP. Normal mean ONSD in a North-Central Nigerian population is 4.4mm± 0.5 
with 5.2mm proposed as the upper limit of normal.  
 

 
Keywords: Optic Nerve Sheath Diameter; ccomputed tomography; intracranial pressure; head injury; 

nomogram. 
 

1. INTRODUCTION  
 

The basis of Intracranial Pressure (ICP) 
monitoring by means of measuring changes in 
the Optic Nerve Sheath Diameter (ONSD) 
became practical in the 1990s with different 
studies   showing   a correlation between the two 
indices [1,2,3]. 
 
The gold standard for determining raised ICP is 
the invasive method which involves insertion of 
intraventricular catheters and continuous 
monitoring with the attendant   risks of 
intracranial hemorrhage, infections and catheter 
dysfunction [4]. Invasive ICP monitoring is not 
available at most referral hospitals in Nigeria and 
its use not feasible. 
  
Traumatic Brain injury (TBI) is a major etiology of 
intracranial hypertension in Nigeria with road 
traffic accidents a major contributor in the 
productive age group [5]. 
 
Neuroimaging of the head is routinely performed 
in the management of TBI and therefore offers 
an alternative indirect method of predicting raised 
ICP by estimation of the ONSD. It can also be 
used as an additional criterion when deciding if 
there is need for invasive ICP monitoring. The 
ONSD is assessed radiologically by Sonography, 
CT and Magnetic resonance imaging (MRI) with 
studies showing   significant correlation between 
the measurements in terms of accuracy, 
sensitivity, specificity and positive predictive 
value [6,7]. 
 
Although Ultrasonography has been successfully 
used as a point of care modality for the 
evaluation and monitoring of head injured 
patients with raised ICP, it is   limited in the 
assessment of the related intracranial 

pathologies especially in adults because of the 
poor ultrasonic window, poor reproducibility and 
operator dependence while MRI has limitations 
of time constraints in critically ill subjects [8,9]. 
 

CT on the other hand is the imaging modality of 
choice in acute care settings with ability to 
evaluate both pathology and effect of brain 
injury.[9] The concurrent estimation of ONSD 
whilst carrying out routine evaluation can inform 
clinical decisions that may avert secondary brain 
injury.  
 

In order to prevent the deleterious effect of raised 
ICP on brain parenchyma, there is urgent need 
for early   detection of this condition by a simple, 
quick, reliable and easily reproducible, 
noninvasive method which is offered by 
Computed Tomography. 
 

Radiologic findings that suggest raised ICP have 
been documented with an earlier study showing 
that a normal initial CT scan in patients with 
closed head injury does not preclude increased 
ICP [10]. This further validates the need for 
additional predictors of raised ICP. 
 

Considering that this is the most used 
neuroimaging technique in acute head trauma 
with potential for accurately detecting the 
intracranial causes of raised ICP and assisting in 
deciding the precise intervention needed, there is 
further need for   the validation of the ONSD 
measurement on CT as a radiological parameter 
of raised ICP in our locality. Since cranial CT 
scans also contain optic nerve size data, the 
purpose of this study was to utilize existing 
retrospective CT scan data to establish the 
normative values in our environment, evaluate 
the relationship between the ONSD and raised 
ICP and to determine   the measurements that 
can objectively predict raised ICP. 
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2. METHODOLOGY 
 

This observational retrospective study   was 
conducted  using  retrieved data from the Picture 
Archiving and Communication System (PACS)  
of 356 patients who had cranial CT scan at the 
Radiology department of  University of Abuja 
Teaching Hospital in  North Central Nigeria from 
1st March  2016 to 28

th
 February 2020.The 

sample Volume was estimated  from a related 
study undertaken in Nigeria [11]. The  study 
groups included 158 patients  referred  for cranial 
CT examination  on account of TBI and 200 
patients with relatively normal brain findings and 
non- ophthalmic clinical indications.  All studies 
were performed with a Hispeed Toshiba 16 slice 
CT scanner using 5 mm slice thickness at 
interval of 3 mm. Use of intravenous contrast for 
controls was determined by the clinical 
indications but not used for TBI patients. Axial 
images were viewed at constant window level 
and width settings of 50 and 250 H respectively 
[12], by two experienced radiologists with more 
than 5 years’ experience each, using the 
established protocols. ONSD was measured at 
3mm retrobulbar region on axial CT images in a 
plane parallel to the optic nerve sheath complex 
using the electronic caliper in the work station. 
Vertical lines were   placed on the outer margins 

of the dural sheath while the ONSD was placed 
as the horizontal distance between the 2 vertical 
lines (Fig. 1). 

 
The data was grouped into three; A: Patients 
without head injury, B: head injury patients 
without clinicoradiologic evidence of raised ICP 
and C: Head injury patients with at least one CT 
sign of raised ICP. 

 
Main exclusion from the data were asymmetric 
scans and clinicoradiologic evidence of orbital 
pathology including facial and orbital trauma. 
 
2.1 Data Analysis 
 
 Descriptive statistics methods for analysis were 
mean, median, minimum, maximum and 
standard deviation. Student’s t test and Analysis 
of variance (ANOVA) test were used accordingly 
to test significant difference between various 
levels of variables under study. Receiver 
Operator characteristic curve (ROC) was drawn 
to establish the optimal cut-off value of ONSD 
and Pearson correlation were used to evaluate 
relationship between variables which included 
age, gender, left and right sides with level of 
significance set at 0.05. 

 

 
 

Fig. 1. ONSD at 3mm retrobulbar, axial CT scan 
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3. RESULTS 
 

Age range of 200 patients with normal brain 
findings (Group A) was 1 – 90years (mean 40± 
19.6.) with male: female ratio of 1.4:1.  Mean 
binocular ONSD was 4.4mm±0.5 (range3-
5.6mm) with no difference between the right and 
left sides. Mean ONSD for females was 4.3mm 
±0.5 (range 3.4- 5.6) while males were 4.5±0.5, 
(range 3.0- 5.6).  Result of student’s t test depict 
a significant difference (P=0.006) between the 
mean ONSD of the genders especially the right 
ONSD of the genders with higher values in 
males. (Table 1). 
 

Comparison of optic nerve sheath diameter by 
age group shows no significant difference (P= 
0.43) for both left and right optic nerves at 0.05 
level of significance. (Table 2). 
 
Analysis of 156 patients with head injury showed 
that 118 (74.7%) had   CT signs of raised ICP 
(Group C) while 38(24,3%) had none (Group B). 
Mean age of the 118 patients with CT signs of 
raised intracranial pressure was 35.3±16 (range1 
– 79), with male: female ratio of 4.4:1. Mean 
binocular ONSD was 6.0mm±0.7 (range 4.3-
8.5mm) with no significant difference between 
the genders (P=0.76) or left and right optic 
nerves (P=0.89). Comparison of ONSD in the 

patients with CT signs of significant midline shift 
(, MLS) (56.8%) and those with generalized 
edema without shift (43.2%) showed higher 
values in patients with MLS with significant 
difference noted on the left optic nerve(P=0.021). 
Patients with MLS were also significantly older 
(P=0.003). (Table 2, Fig. 2). 
Mean ONSD of 38 head injury patients without 
CT signs of raised ICP was 4.3±0.5mm. 
 
Comparison of the mean ONSD of the three 
groups of analyzed data showed no statistically 
significant difference (P=0.68) between group A 
and B   but a significant difference (p-0.0001) 
with patients that had additional CT signs of 
raised ICP (group C). (Table 3) 
 
There was also a significant difference 
(P=0.017). in mean age between patients with 
head Injury (35.3±16.1 years) and those without 
head Injury (40.3±20.1 years). A ROC curve for 
elevated ICP was drawn to establish the optimal 
cut-off value of ONSD which demonstrated an 
area under the curve (AUC) of 0.979 (95%C. I 
0.968- 0.991) with a Chi-square P = 0.0001. 
Mean binocular cut-off value of 5.2mm yielded 
the best test characteristics and accurately 
predicted raised ICP with sensitivity of 90.7% and 
specificity of 93.5% (Table 4, Fig. 2). 

 

Table 1. Characteristics of ONSD in normal non head injury patients 

    

Characteristics Overall  Females Males 

  200 (62.9%) 82(41%) 118(59%) 

(mean±SD, range) 40± 19.6(1-90)  40.5±18.2(1- 80) 40.1±21.4, (1-90)  

ONSD, mm(mean±SD) 4.4±0.5  4.3±0.5  4.5±0.5† 

Right ONSD, 
mm(mean±SD) 

4.4±0.5ǂ 4.3±0.5   4.5±0.6† 

 

Left ONSD, 
mm(mean±SD) 

4.4±0.6ǂ 4.3±0.6  4.4±0.6 

†significant difference between mean binocular and right ONSD of genders(P=0.006). ǂ No significant difference 
between mean ONSD of left and right sides (P=0.21) 

 

Table 2. Characteristics of patients without head injury by age group 
 

Characteristics 1-15years          16-19years          ≥40years         P value 

Number (%) 26(12%)    66(33%) 108(54%)  

Age, years 
(Mean±SD) 

       7.0±4.7    28.3±7.4       55.6±10.9  

ONSD, mm 
(Mean±SD) 

4.3±0.5    4.4±0.5       4.4±0.5      0.43 
 

Right optic nerve, 
mm (Mean±SD)     

4.3±0.5   4.4±0.5       4.4±0.6  

Left optic nerve, 
mm (Mean±SD) 

4.3±0.6   4.4±0.5 4.4±0.6  



Table 3. Characteristics of ONSD in head injury patients with CT signs of raised ICP
 

†Characteristic  Overall 

 
118        

 

Age 
(mean±SD) 

35.3±16
 

Mean Binocular 
ONSD        

5.9±0.7     

Right ONSD 
(mean±SD) ǂ

 
6.0±0.7 
    

 

Left ONSD 
(mean±SD) ǂ   

 
6.0±0.7 

†significant difference between mean ONSD of generalized and MLS(P=0.0
significant difference between mean ONSD of right and left optic ne

Fig. 2. Axial CT of left temporal lobe contusion with increased ONSD
 

Table 4. Comparison between normal ONSD and Intracranial Hypertension (ICH)

Characteristics Normal(A) 

Mean(mm) 4.4±0.5† 
95%CI  4.3-4.47 
Minimum(mm)  3.0 
Maximum(mm)  5.6 
count 200  

Table 5. AUC, sensitivity and specificity of optimal mean ONSD
 
AUC 95% CI Cut-off 

(≥) 
0.9796 0.9679-0.9913 5.20002
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Table 3. Characteristics of ONSD in head injury patients with CT signs of raised ICP

Male  Female Generalized 
edema 

Midline
shift

96(81.4%)
 

22(18.6%)                       51(43.2%)
 

67(56.8%)
33.4±15.2

 
43.6±17.6         30.4±14.6) †

 
38.8±16) †
 

6.0±0.7 
 

5.9±0.7              5.8±0.6 
 

   6.0±0.7

5.9±0.7 
 

5.8±0.7,
 

5.8±0.7
 

5.9±0.7
 

6.0±0.7 5.9±0.8  5.8±0.6†    6.1±0.8†  

†significant difference between mean ONSD of generalized and MLS(P=0.021)), and age, (P=0.003
significant difference between mean ONSD of right and left optic nerves(P=0.89) and genders(P=0.76

 

 

 
Axial CT of left temporal lobe contusion with increased ONSD 

Comparison between normal ONSD and Intracranial Hypertension (ICH)
 

TBI without 
raised ICP(B) 

TBI with raised 
ICP(C) 

P value

4.3±0.7  6.0±0.7†   
4.07-4.5 5.87-6.13  
2.4 4.6 0.0001
5.9 8.5  
38 118  

 
ensitivity and specificity of optimal mean ONSD 

off  Sensitivity 
(%) 

Specificity 
(%)   

NPV  
(%) 

PPV 
(%)

5.20002 90.68 93.5 94.4 89.2
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Table 3. Characteristics of ONSD in head injury patients with CT signs of raised ICP 

Midline 
shift 

67(56.8%) 
38.8±16) † 

6.0±0.7
 

5.9±0.7 

6.1±0.8†   

21)), and age, (P=0.003,) ǂ  No 
rves(P=0.89) and genders(P=0.76 

 

Comparison between normal ONSD and Intracranial Hypertension (ICH) 

P value 

0.0001 

PPV  
(%) 
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Fig. 3. Receiver operating characteristic curve for optimal ONSD 
 

DISCUSSION 
 
In 1996 Helmke and Hansen [13] demonstrated 
that, the ONSD increased by up to 60% at a 
distance of 3 mm behind the globe compared 
with only 35% at 10 mm thus confirming Liu and 
Kahn’s observations and   forming the basis for 
the measurement of ONSD at 3mm behind the 
globe since the ICP changes are maximally 
reflected at this point. 
 
Earlier studies have shown that ONSD 
measurement by CT is a much stronger predictor 
of ICP compared to other CT features, with the 
risk of in-hospital mortality doubling with each 1 
mm increase in ONSD. [14,15] Another study 
reported a strong association between increased 
ONSD on CT and patient mortality was shown to 
be related to raised ICP occurring very early after 
trauma [16]. 
 

Similar studies using CT imaging modalities have 
however shown slight variations in the obtained 
measurements with wide thresholds and cut off 
values of the ONSD. Review of existing literature 
showed that this heterogeneity is most likely due 
to the different techniques of measurement used 
by the different researchers.  
 
Of the 200 controls in the index study, the mean 
ONSD diameter of 4.4mm±0.5 (range 3-5.6mm) 

is similar to that of Ozgen et al [12] who also got 
comparable ONSD of 4.4 mm (estimated normal 
range of 3.2–5.6 mm). This marked similarity is 
most likely due to the fact that the technique 
(window level and width (50/250) of both studies 
are the same.  
 
Differences in ONSD value with window setting 
and location is reflected by Lee et al [17] in a 
study of Korean patients, using window level of 
10–15 and width settings of 300 and 330 HU at 
waist region and Majeed et al. [18] using 
mediastinal window at 3mm retrobulbar. They 
recorded mean ONSD as 4.1 mm and 5.73mm   
respectively confirming the finding that changes 
made   in the window level and width settings on 
CT scanning results in different values with 
respect to the intraocular contents.[12] The 
different studies are however in agreement in the 
sense that no correlation was found between 
ONSD and age or side. Unlike the above-
mentioned studies however, we recorded 
significantly higher ONSD in males.  
 
Despite the importance of assessment of ICP in 
acute settings, there has been no consensus on 
the optimal cut-off value of abnormal ONSD to 
indicate elevated ICP with values varying with 
method of measurement with a range of 5.3mm- 
6 mm [17-20]. 
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Our study shows an overall binocular mean 
ONSD 6mm ±0.7with cut off value at 5.2mm in 
patients with other radiologic signs of raised ICP. 
This showed a marked similarity with a Nigerian 
study which compared both ultrasonography and 
CT ONSD and reported a mean normal binocular 
ONSD of 4.5 ± 0.22mm, raised ICP mean ONSD 
5.7 ± 0.59 mm and cut-off value that best 
predicts raised ICP as evidenced by at least a 
sign on cranial CT as 5.2mm. [11] The similarity 
in study population could account for this. 
 

Vaiman et al. [19] noted that the presence of 
ONSD greater than a threshold of 5.5 mm is 
significantly predictive of invasively measured 
elevated ICP, similar to the study of Tae Kyoo 
Lim [20] which shows that ONSD of >5.5 mm, 
measured on CT, is a good indicator of ICP 
elevation. It however should be noted that though 
measurement were taken 3mm retrobulbar, the 
window setting is different from the index study. 
 Luyt et al. [21] in their study showed that ONSD 
measurement of ≥4.8 mm yielded the highest 
combined accuracy for indicating elevated 
Lumbar Puncture opening pressures >20 
cmH2O. Raising the ONSD cut-off to ≥5.0 mm 
decreased sensitivity to 85.7% but increased 
specificity to 100% for raised LP opening 
pressure. This measurement was taken at the 
less distensible ‘waist’ region of the optic nerve 
sheath and can therefore be adduced as a 
reason for the disparity. 
 

ICP has also been strongly correlated with 
ONSD in other studies, regardless of the imaging 
modality used. Mean sonographic optic nerve 
sheath diameter obtained in the same institution 
as the index study was 4.20± 0.38 mm (range 
3.91-5.20) [22]. 
 

A retrospective study of 38 patients who required 
both invasive ICP monitoring and MRI, noted that 
the best single retro-orbital ONSD cut-off value 
was 5.82 mm. [23] They however increased their 
sensitivity for detecting raised ICP to 100% by 
lowering the cut-off to 5.3 mm which is similar to 
the values obtained by the index study with a 
sensitivity of 90.7% for a cut of 5.2mm. 
 

MLS has prognostic value in the assessment of 
patients with traumatic brain injury. Das et al [24]

 

showed that higher ONSD was observed in 
patients with moderate and severe TBI and good 
correlation with occurrence of diffuse cerebral 
edema, presence of subdural and extradural 
hematoma but no statistical significance when 
taken in isolation. Our study is in agreement in 
that it shows slightly higher measurements in 

patients with significant MLS (>5mm) compared 
those without MLS. However, the degree of the 
MLS or side of herniation did not affect the 
measurement of ONSD. 
 

We recorded mean ONSD of 4.3±0.7mm in 
clinically stable head injury patients without other 
clinicoradiologic signs of intracranial 
hypertension. There is no significant difference 
with the general population but a statistically 
significant difference in patients with radiologic 
signs of raised ICP. This finding further validates 
the additional inclusion of ONSD as a measure of 
ICP. The optimal cut-off value of ≥5.2mm which 
demonstrated an area under the curve of 0.979 
(95% CI 0.968- 0.991) with a Chi-square p-value 
< 0.0001 yielded the best test characteristics and 
predicted raised ICP with sensitivity of 90.7% 
and specificity of 93.5%. 
 

Our study is limited by its retrospective nature 
making it difficult to indicate the duration of the 
head injury which may invariably affect the 
values. Further correlation with intracranial 
monitoring may be recommended as the gold 
standard.  
 

CONCLUSION 
 

There is a positive correlation between ONSD 
measurement on CT and intracranial pressure. 
This measurement is therefore recommended as 
an additional indirect radiological marker of 
raised ICP. Normal mean ONSD in a North-
Central Nigerian population is 4.4mm± 0.5 with 
5.2mm proposed as the upper limit of normal. 
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