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ABSTRACT

Background: Imaging plays integral role in the evaluation of patients with
acute traumatic brain injury (TBI), with computerized tomography (CT)
being the modality of the choice and the most commonly utilized imaging
tool. One of the important determinants of TBI severity is raised
intracranial pressure (ICP). Optic nerve sheath diameter (ONSD) was
considered as a reliable indirect surrogate for the raised ICP, however,
studies assessing role of CT-derived ONSD in evaluation of patients with
raised ICP or brain injury are limited.

Aim of the study: To assess the correlation between ONSD measured by CT
scan and the severity of TBI according to Marshall scale.

Patients and methods: A cross-sectional analytic study was conducted on 60
adult patients (52 males, 8 females) presented with acute TBI and referred
for brain CT examination. After initial general evaluation of brain CT
images, the score of TBI was assessed according to Marshal's scale (I to VI).
The transverse ONSD was manually measured on axial CT image at 3 mm
distance behind eye globe. The correlation between the grade of TBI and
ONSD was subjected to statistical analysis. The study was approved by the
Institutional Ethical Review Committee.

Results: The means of all, right-sided and left-sided ONSD were 4.695 mm,
4.606 mm and 4.785 mm respectively. There was positive, linear and
statistically significant correlation (p value <0.001, r = 0.662) between the
mean of ONSD measured by CT scan and Marshall score. When the ONSD
measurements of the right and left sides were analyzed separately, the
correlation was also significant and positive (r= 0.504 for the right side,
r = 0.699 for the left side with p value <0.001 for both). ONSD showed
weakly negative and statistically not significant correlation (p value= 0.571,
r =- 0.075) with the duration between onset of the trauma and time of CT
examination. There was no significant difference between mean ONSD
measurements when correlated with the laterality of TBI, age or gender (p
values 0.392 0.328 and 0.462 respectively).

Conclusion: ONSD measured on brain CT scan is positively correlated with
the severity of TBI as assessed by Marshall scale. Because Marshall scale
has prognostic implication, ONSD may also have a prognostic value during
assessment of patients with TBI.
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I. INTRODUCTION

Traumatic brain injury (TBI) is a major worldwide public
health problem specially the moderate and severe type, with
high morbidity and mortality [1]. Neuroimaging plays an
important role in the initial evaluation of patients with acute
TBI as well as guidance of management and planning for
surgical intervention [2], [3]. Non-enhanced computerized
tomography (CT) is the imaging modality of choice during
the first 24 hour after the injury because it is readily available,
cost effective, rapid and easier to perform on patients who are
on ventilator support, in traction, or agitated and it is superior
to magnetic resonance imaging (MRI) in evaluating bones
and detecting acute intracranial hemorrhage [3]. [4]. Based
on initial CT scan findings of TBI, the Marshall score was
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introduced in 1991 as a classification system for head injury
and has been used to predict outcome, guide patient
management and design clinical trial [5].

Raised intracranial pressure (ICP), defined as
cerebrospinal fluid (CSF) pressure of more or equal to 20 mm
HG, can lead to adverse and often irreversible neurological
consequence if untreated [6]. Raised ICP is seen frequently
after a severe TBI [1], therefore early identification is critical
to ensure timely and appropriate management [7]. To avoid
complications of the ventriculostomy, the traditional and gold
standard method of measuring ICP, non-invasive methods of
estimating ICP are preferred whenever possible and optic
nerve sheath diameter (ONSD) is increasingly utilized to
indirectly assess ICP using ultrasonography [8], CT scan [9]
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and MRI [10]. On other hand, fewer studies were published
studying the significance of brain CT-derived ONSD in the
evaluation and grading of TBI. We hypnotized that ONSD
measurement using CT scan may give a clue for the severity
of the TBI. Therefore, the purpose of this study was to assess
the correlation between ONSD measurements using CT scan
with the severity of TBI according to Marshall scale.

II. PATIENTS AND METHOD

This cross-sectional study was conducted on 60 adult
patients (52 males, 8 females) with acute TBI presented
within the first 24 hours of insult and referred for brain CT
examination to the CT unit at Middle Euphrates Neuroscience
Center, Najaf, Iraq.

Exclusion criteria included children (less than 18-year-old)
and patients with known or obvious orbital pathology or
orbital trauma.

All examinations were carried out using 64-multidetector
helical CT scan (Brilliance, Philips Medical System 2011).
Patients were examined in supine position with the following
parameters: KV 120, MAS 300m.As, slice thickness 3 mm
and time 12 seconds. All examination were non-enhanced i.e.
no intravenous iodinated contrast medium has been
administrated.

Demographic data as well as the duration from onset of
injury to the time of CT examination were recorded.

Evaluation of CT scan images was done by a board-
certified specialist radiologist (with experience of >12-years
in neuroradiology). Based on initial brain CT scan findings,
TBI was classified according to Marshall scale [5] from I to
VI (Fig. 1 and Table I).

The transverse diameter of the optic nerve sheath was
measured manually at 3 mm distance behind the eyeball on
axial brain image (Fig. 2). The measurements were taken for
the left and right eyes and averaged to yield a mean value. All
measurements were taken using constant technical settings of
brain window (window level and center values of 40 and 80
respectively). ONSD measurements were categorized using
5 mm as a cut-off normal limit [11]

Fig. 1. Axial non-enhanced CT scan of the brain injury in 25-year-old
male, showing midline shift=7 mm, effacement of lateral ventricle, left
frontal hemorrhagic contusion (grade IV according to Marshal scale).
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TABLE [: MARSHALL CLASSIFICATION OF TRAUMATIC BRAIN INJURY
USING CT SCAN [5]

Level Classification
I No visible intracranial pathology
1I Diffuse injury with cisterns present and 0- to 5-mm shift
Diffuse injury with cisterns compressed or absent and 0-
I .
to 5-mm shift
Diffuse injury with midline shift >5 mm but no lesion
v
>25 mm
v Evacuated mass lesion, any surgically evacuated mass
lesion (EML)
VI Non evacuated mass lesion, any high- or mixed-density

mass lesion >25 mm not surgically evacuated (NEML)

Fig. 2. Zoomed-in axial CT image demonstrating ONSD measurement at
3 mm behind the eye globe.

The study was approved by the Institutional Ethical
Review Committee.

Statistical analysis was carried out using SPSS version 23.
Categorical variables were presented as frequencies and
percentages. Continuous variables were presented as (Means
+ SD). Chi-Square test was used for categorical variables and
Pearson coefficient for numerical data. P value of < 0.05 was
considered significant.

III. RESULTS

Sixty patients with acute TBI were included with mean age
0f 29.13 (£10.24) years and range of 18-58 years. There was
no statistically significant relation between age group and
mean ONSD (Table II). Regarding gender, 52 were males and
8 were females, and similarly, there was no statistically
significant gender difference between those with ONSD
<5 mm and those with ONSD >5 mm (Table III).

The gender distribution was 52 (86.7%) males and 8
(13.3%) females, but there was no significant relation
between ONSD and gender (p=0.462).

TABLE II: RELATION BETWEEN AGE GROUP AND MEAN OPTIC NERVE

SHEATH DIAMETER
Mean ONSD P value
<5 >5
<25 20(52.6%) 11(50%)
Age group 25-35 7(18.4%) 8(36.4%) 0328
(years) 36-45 9(23.7%) 2(9.1%) '
>45 2(5.3%) 1(4.5%)
Total 38(100%) 22(100%)
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TABLE III: RELATION BETWEEN GENDER AND OPTIC NERVE SHEATH

DIAMETER
Mean Gender P value
ONSD Female Male u
6 32
<
<5 mm 75.0% 61.5%
5 0 0.462
>3 mm 25.0% 38.5%
8 52
Total 100.0% 100.0%
7007 r=0.504
P<0.001
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Fig. 3. Correlation between right ONSD and Marshall Scale.
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Fig. 4. Correlation between left ONSD and Marshall Scale.
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Fig. 5. Correlation between mean ONSD and Marshall Scale.

The means of all, right-sided and left-sided ONSD were
4.695 mm, 4.606 mm and 4.785 mm, respectively. There was
no significant difference between mean ONSD measurements
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when correlated with the laterality of TBI, (p value 0.392).
There was highly significant positive correlation between
Marshall scale and the right-sided (r=0.504, p value <0.001),
left-sided (r=0.699, p value <0.001) and mean ONSD
(r=0.662, p value <0.001) (Fig. 3, Fig. 4, and Fig. 5
respectively).

There was very weak negative and statistically not
significant correlation (r = 0.075, p=0.571) between mean
ONSD and duration after trauma (Fig. 6).
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Fig. 6. Correlation between mean ONSD and duration after trauma.

IV. DISCUSSION

Raised ICP is considered one of the important clinical
factors that determines the next step in management of acute
TBI and can be measured directly or inferred indirectly from
ONSD measurement [12].

Many studies have found significant correlation between
direct ICP measurements (using ventriculostomy) and
indirect assessment of ICP by measuring the ONSD (using
optic nerve ultrasound or MRI) in patients with TBI [13],
[14]. The underlying pathogenesis behind the enlargement of
ONSD in case of increased ICP is believed to be due to the
equilibration of CSF pressure between orbital and cranial
cavities and the CSF flow and pressure toward the peri-neural
sub-arachnoids space around the optic nerve is increased
causing expansion of the optic nerve sheath [15]. It has been
known for a long time that ICP may be raised after the initial
head injury due to mass lesions, an increase in brain-water
content (edema), and an increase in blood volume [16]. This
raised ICP is reflected on CT imaging by the effacement of
mesencephalic cisterns and midline shift, both of which are
utilized in the Marshall score [17].

Reference [12] found that simultaneous measurement of
ONSD on CT scan and ICP were strongly correlated and
ONSD was much more predictive of ICP than other CT
features. Furthermore, studies have also found high degree of
agreement between MRI and CT measurements of ONSD in
different intracranial pathologies [17], [18]. Therefore,
findings of the current study could be another supportive
evidence of using CT scan as an additional indirect method
for assessing ICP. Prognosis is an essential element in
evaluation of patients with acute head injury. Glasgow Coma
Scale (GCS), one of the most commonly used clinical method
for evaluating head injury patients, can reliably predict

Vol 4 | Issue 2 | May 2023



European Journal of Education and Pedagogy
www.ej-edu.org

mortality at 24 hours after injury, but has only limited ability
to predict longer-term outcome [19], [20]. Because Marshall
categories are related to the mortality rate [21], the positive
correlation between CT-derived ONSD and Marshall scale in
our study can have prognostic impact. This finding supports
[14] and [22] studies, and the former concluded that TBI
patients with thicker ONSD on initial CT scan tend to have
poor prognosis regarding survival and long term disability.

Although a gradual decrease in the initially abnormal
ONSD has been observed over 10 hours in patients with
severe TBI, until reached the normal values [23], our study
showed no significant impact of the duration between onset
of the trauma and CT examination on ONSD values up to the
first 24 hours. This inconsistency may be attributed to the
predominance of mild to moderate degrees of TBI cases in
our study. Nevertheless, further evaluation of temporal
evolution of ONSD by serial follow-up measurements after
trauma would be interesting.

This study has some limitation, including relatively small
sample size, no correlation with the actual ICP values using
direct invasive measures and lack of follow-up of the patient's
outcomes. However, we think that results of our study can be
considered as preliminary and future researches entitling
these issues seem worthy.

In conclusion, there was a positive direct correlation
between ONSD measured on CT scan and the severity of TBI.
ONSD was not significantly affected neither by laterality of
TBI nor the duration after trauma. ONSD may have a
prognostic value during assessment of patients with TBI.
Measurement of ONSD by CT scan could alert clinicians to
the presence of elevated ICP, whenever invasive methods of
measuring ICP is contraindicated or is not available.
Considering the feasibility and rapidity of ONSD
measurement on CT scan, it might be useful to include ONSD
measurement in the initial routine CT evaluation of head
injury. The study raises a question about the possible added
value of incorporating ONSD measurement into Marshal's
scale and studies evaluating this modified scale are
encouraged.

CONFLICT OF INTEREST

Authors declare that they do not have any conflict of
interest.

V. REFERENCES

[1] Ghajar J. Traumatic brain injury. Lancet. 2000; 356(9233): 923-9.

[2] Ramanana-Rao DV, NVP D, Chandra TJ. Role of Computed
Tomography (CT) in traumatic head injury evaluation-a cross-sectional
study. Int J Med Res Rev. 2020; 8(1): 40-4

[3] Lee B, Newberg A. Neuroimaging in traumatic brain imaging.
NeuroRx. 2005; 2(2): 372-83.

[4] Glauser J. Head injury: which patients need imaging? Which test is
best? Cleve Clin J Med. 2004; 71: 353-357.

[5] Marshall LF, Marshall, SB, Klauber MR, Clark Mv B, Eisenberg HM,
Jane JA, et al. A new classification of head injury based on
computerized tomography. Journal of Neurosurgery. 1991; 75
(Supplement): S14-S20.

[6] Carney N, Totten AM, O’Reilly C, Ullman JS, Hawryluk GW, Bell M,
et al. Guidelines for the management of severe traumatic brain injury,
4th ed. Neurosurgery. 2016; 80(1): 6-15.

DOLI: http://dx.doi.org/10.24018/ejedu.2023.4.3.252

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

RESEARCH ARTICLE

Hightower S, Chin EJ, Heiner JD. Detection of increased intracranial
pressure by Ultrasound. Journal of Special Operations. 2012; 12(3):
19-22.

Cammarata G, Ristango, G, Cammarata, A, Mannanici G, Denaro C,
Gullo A. Ocular ultrasound to detect intracranial hypertension intrauma
patients. J Trauma. 2011; 71: 779-81.

Pappu, S, Lerma, J, Khraishi T. Brain CT to Assess Intracranial
Pressure in Patients with Traumatic Brain Injury. J Neuroimaging.
2016; 26: 37-40.

Abdelrahman AS, Barakat MMK. MRI measurement of optic nerve
sheath diameter using 3D driven equilibrium sequence as a non-
invasive tool for the diagnosis of idiopathic intracranial hypertension.
Egypt J Radiol Nucl Med. 2020; 51: 24.

Caffery TS, Perret JN, Musso MW, Jones GN. Optic nerve sheath
diameter and lumbar puncture opening pressure in nontrauma patients
suspected of elevated intracranial pressure. Am J Emerg Med. 2014;
S0735-6757.

Sekhon MS, Griesdale DE, Robba C, Walland K. Optic nerve sheath
diameter on computed tomography is correlated pressure in patients
with severe traumatic brain injury. Intensive Care Medicine. 2014;
40(9): p1267.

Kimberly HH, Noble VE. Using MRI of the optic nerve sheath to detect
elevated intracranial pressure. Crit Care. 2008; 12: 181

Legrand A, Jeanjean P, Delanghe F, Peltier J, Lecat B, Dupont H.
Estimation of optic nerve sheath diameter on an initial brain computed
tomography scan can contribute prognostic information in traumatic
brain injury patients. Crit Care. 2013; 17(2): R61

Murray NM, Wolman DN, Mlynash M, Threlkeld ZD, Christensen S,
Heit JJ et al. Early Head Computed Tomography Abnormalities
Associated with Elevated Intracranial Pressure in Severe Traumatic
Brain Injury. J Neuroimaging. 2021; 31(1): 199-208.

Lietke S, Zausinger S, Patzig M, Holtmanspotter M, Kunz M. CT-
Based Classification of Acute Cerebral Edema: Association with
Intracranial Pressure and Outcome. J Neuroimaging. 2020; 30(5): 640-
647.

Kalantari H, Jaiswal R, Bruck I, Matari H, Ghobadi F, Weedon J, et al.
Correlation of optic nerve sheath diameter measurements by computed
tomography and magnetic resonance imaging. Am J Emerg Med. 2013;
31(11): 1595-7.

Al-Tameemi H, Helel NM. Agreement Between Computed
Tomography and Magnetic Resonance Imaging In Measuring Optic
Nerve Sheath Diameter. Global Journal of Health Science. 2018; 10
(4): 2018

Saatman KE, Duhaime AC, Bullock R, Maas Al, Valadka A, Manley
GT. Classification of traumatic brain injury for targeted therapies. J.
Neurotrauma. 2008; 25 (7): 719-738.

Steyerberg EW, Mushkudiani N, Perel P, Butcher I, Lu J, McHugh GS,
et al. Predicting outcome after traumatic brain injury: development and
international validation of prognostic scores based on admission
characteristics. PLoS Med. 2008; 5(8): e165

Liu M, Yang ZK, Yan YF, Shen X, Yao HB, Fei L, et al. Optic Nerve
Sheath Measurements by Computed Tomography to Predict
Intracranial Pressure and Guide Surgery in Patients with Traumatic
Brain Injury. World Neurosurg. 2020; 134: e317-¢324.

Maas Al, Hukkelhoven CW, Marshall LF, Steyerberg EW. Prediction
of outcome in traumatic brain injury with computed tomographic
characteristics: a comparison between the computed tomographic
classification and combination of computed tomographic predictors.
Neurosurgery. 2005; 57(6): 1173-1182.

Soldatos T, Karakitsos D, Chatzimichail K, Papathanasiou M,
Gouliamos A, Karabinis A. Optic nerve sonography evaluation of adult
brain injury. Critical Care. 2008; 12: R67.

Vol 4 | Issue 2 | May 2023



