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Background: In India and other developing nations, traumatic brain injuries (TBls) are main
cause of disability, socioeconomic loss, morbidity, and mortality. In patients with TBI,
Rotterdam CT score (RCTS) and diameter of optic nerve sheath (ONSD) have both been
reliable independent predictors of prognosis. ONSD measurement has become a substitute
non-invasive technique for keeping track of intracranial pressure (ICP). Aims and Objectives:
The aims of this study were to study correlation between ONSD and RCTS in predicting
outcome and prognosis in patients with traumatic brain injury. Materials and Methods: Total
90 patients with TBI were included in study. All patients meeting inclusion criteria were
included and CT scan was performed. RTCS was done based, on which patients were divided
into two groups (mild and severe head injury). According to standard protocol, ONSD was
measured. Results: Among 90 cases included that most common cause of injury was motor
vehicle accident (72.2%). Mean ONSD in the present study was 4.37 £0.84 mm. About
57 (63.3%) patients had RCTS score of 1, 2, and 3 (mild head injury) and 33 (36.7%) had
RCTS score of 4, 5, and 6 (severe head injury). Cutoff value of ONSD for predicting severity
of TBI derived from receiver operating characteristic curve was >4.4 mm. There is a positive
correlation between ONSD and RCTS. Conclusion: CT ONSD is a useful radiological tool to
identify elevated ICP and it should be noted in every CT report in TBI cases.
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INTRODUCTION

In India and other developing nations, traumatic brain
injuries (TBIs) are main cause of disability, socioeconomic
loss, morbidity, and mortality. Because to its excellent
sensitivity in identifying fractures and hematomas,
computed tomography (CT) scan is gold standard in
evaluation of TBL.! Both Rotterdam CT Score (RCTS) and
optic nerve sheath diameter (ONSD) evaluated with CT
imaging are independent predictors of prognosis in TBI
patients. An external ventricular device is gold standard for
diagnosing raised intracranial pressure (ICP), is extremely
invasive, not available during initial evaluation and

contraindicated in individuals with coagulopathies. ONSD
has lately become a substitute non-invasive technique for
keeping track of ICP*>’ In emergency room, ONSD and
RCTS could be used as a preliminary triage tool as well as
a way to decide if patients with TBI require a subsequent
CT scan and know the prognosis of patient. Description
of Rotterdam computed tomography score is shown in
Table 1. One of the catastrophic consequences of TBI
is elevated ICP. High mortality is associated with late
diagnosis and intervention.* Optic netrve is an extension
of central nervous system and is covered with dura and
arachnoid mater that contains cerebrospinal fluid (CSF).?
CSF space surrounding optic nerve is continuous with
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intracranial subarachnoid space. As ICP rises, CSF flow
increases around optic nerve, stretching ONSD therefore
increasing ONSD. Several studies have identified ONSD as
one of the convenient, non-invasive, and indirect methods
of determining ICP? ONSD and RCTS are prognosticators
of TBL

Aims and objectives

The aims of this study were to study correlation between
ONSD diameter and RCTS in predicting outcome and
prognosis in patients with traumatic brain injury on
admission.

MATERIALS AND METHODS

This is a hospital-based prospective study that included 90
subjects. All patients meeting the inclusion criteria with TBI
were included and CT was performed in SIEMENS Somatom
Emotion 16 slice spiral CT with a slice thickness of 0.75 mm.
RTCS was be done and based on scores patients were divided
into two groups. Those patients with score of 1,2,and 3 were
classified as mild head injury and 4, 5, and 6 were classified as
severe head injury. According to standard protocol, ONSD
was measured in axial plane 3 mm behind posterior limit
of eyeball in soft-tissue window. Figure 1, demonstrates the
Standard protocol of measuring ONSD. If measurement in
axial plane was not possible, sagittal plane was used. ONSD
of both eyes was measured and mean ONSD was calculated.

RESULTS

Demographic data

Out of 90 patients with TBI, 26.7% (n=24) were female and
73.3% (n=066) were male. Mean age was 34.8113.8 years
and ranged between 18 and 75 years. Most common cause
of TBI was motor vehicle accident (72.2%), followed by
fall injury (20.0%) and physical assault (7.8%) (Table 2).

RCTS

Out of 90 patients with TBI, 16 (17.8%) patients had
score of 1,27 (30.0%) patients had score of 2, 14 (15.6%)
patients scored 3, 15 (16.7%) patients scored 4, 13 (14.4%)
patients had score of 5, and 5 (5.6%) patients had score of
6 (Table 3). Fifty-seven (63.3%) patients had RCTS score
of 1, 2, and 3 and were classified as mild head injury and
33 (36.7%) patients had RCTS of 4, 5, and 6 were classified
as severe head injury.

ONSD

Mean ONSD in the present study was 4.37+0.84 mm
and measurement ranging between 3.0 and 6.1 mm. Mean
ONSD in the right eye was 4.39 mm and in the left eye
was 4.35 mm. In terms of ONSD measurement, there
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RCTS Score
Basal cisterns

Normal 0

Compressed 1

Absent 2
Midline shift (mm)

No shift or shift < 5 0

Shift 25 1
Epidural mass lesion

Present 0

Absent 1
Intraventricular hemorrhage or traumatic subarachnoid hemorrhage

Absent 0

Present 1
Sum score +1

RCTS: Rotterdam CT score, CT: Computed tomography

Mode of injury Frequency (%)

Motor vehicle accident 65 (72.2)
Fall injury 18 (20.0)
Physical assault 7(7.8)

Total 90 (100)

Score Frequency (%)

1 16 (17.8)
2 27 (30.0)
3 14 (15.6)
4 15 (16.7)
5 13 (14.4)
6
To

5 (5.6)
tal 90 (100)

was no statistical difference between the two eyes. ONSD
measurement in a severe TBI case is shown in Figure 2.

Correlation between ONSD and severity of brain injury
Mean ONSD in patients with RCTS of 1, 2, and 3
was 3.820.54 mm and with RCTS of 4, 5, and 6 was
5.2£0.56 mm. Mean right ONSD was 3.8 mm in mild injury
and 5.3 mm in severe injury. Mean left ONSD was 3.8 mm
in mild injury and 5.2 mm in severe injury. In Figure 3, the
mean ONSD value for RCTS is displayed.

The cutoff value of mean ONSD for prediction of severity of
TBI was calculated with receiver operating characteristic (ROC)
analysis which showed statistical significance for the area under
curve of severe RCTS versus ONSD: AUC of 0.987 (P<0.0001,
95% CI) (Figure 4). Best cutoff value of ONSD was found
to be >4.4 mm with sensitivity of 97% and specificity 96.5%.

The cutoff value of the right ONSD for prediction of
severity of TBI was calculated with ROC analysis and best
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Figure 1: Computed tomography image showing standard protocol
of measuring optic nerve sheath diameter in axial plane 3 mm behind
posterior limit of eyeball in soft-tissue window

Figure 2: Computed tomography image axial plane showing optic nerve
sheath measuring 5.9 mm in the right eye and 5.4 mm in the left eye

Mean ONSD

Figure 3: Bar graph depicting mean optic nerve sheath diameter along
different Rotterdam CT score

cutoff value was identified to be >4.5 mm with sensitivity
of 97% and specificity 100% (Figure 5).

The cutoff value of the left ONSD for prediction of
severity of TBI was calculated with ROC analysis and best
cutoff value was identified to be >4.6 mm with 90.9%
sensitivity and 96.5% (Figure 0).

Correlation between ONSD and RCTS showed P<0.0001
which was statistically significant and showed positive
relation among the two parameters.
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Figure 4: Receiver operating characteristic curve analysis depicting
relationship between Rotterdam CT score and mean optic nerve
sheath diameter
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Figure 5: Receiver operating characteristic curve analysis depicting
relationship between Rotterdam CT score and right optic nerve sheath
diameter

DISCUSSION

There are very few research that compare RCTS and
ONSD. Two independent measures RCTS and ONSD are
both used to predict outcomes in cases of TBI. Therefore,
this study was aimed to evaluate the correlation between
the mean ONSD measurements with RCTS in patients
with TBI.

In case of TBI, CT is the recommended imaging technique
and it is widely accessible in most hospitals. RCTS is used
to evaluate the severity of injury and prognosis in severe
TBI patients based on imaging data. A higher score on
the RCTS scale, which ranges from one to six, indicates
a more severe injury. In numerous studies, RCTS was
regarded as a stand-alone radiological prognostic tool.”®
An indication of a bad prognosis is a raised ICP in TBI.
For effective management, raised ICP must be identified
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Figure 6: Receiver operating characteristic curve analysis depicting
relationship between Rotterdam CT score and left optic nerve sheath
diameter

quickly. An alternate indirect method of monitoring
ICP is measuring ONSD. Several investigations have
established correlation between the CT measurement
of ONSD and ICP. In contrast to other CT findings,
Sekhon et al., found that ONSD was a better predictor
of elevated ICP”

In the present study, RCTS demonstrated a positive
correlation with ONSD value. The ONSD values for the
RCTS 1, 2, and 3 scores were lower than those for the
RCTS 4, 5, and 6, which had higher ONSD values. Similar
to this study, Das et al., demonstrated a linear association
between RCTS scores and mean ONSD values.'

Many research revealed various cutoff values for
ONSD. ONSD <5.8 mm is regarded as a sign of severe
TBI. According to a study by Sekhon et al.,, a cutoff
ONSD value of 6 mm had 97% sensitivity and 42%
specificity.” The optimal cutoff value for mean ONSD
and RCTS severity in the present investigation was
>4.4 mm, with sensitivity being 97% and specificity
being 96.5%. According to Soldatos et al., the study
ONSD is associated with severe head trauma and
elevated ICP. 5.7 mm was shown to be greatest cutoff for
ONSD in prediction of elevated ICP, with sensitivity and
specificity of 74.1% and 100%, respectively.'" Elevated
ICP and the ONSD value on CT images are positively
correlated.

Limitations of the study

Obur study has certain limitations because there was no link
between neurological outcomes and the variables studied.
For the estimation of normal ONSD, no comparison to
a control group was made. As the same coinvestigator
conducted every measurement, it was unable to evaluate
the inter- and intra-observer variability. Despite these
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drawbacks, ONSD can be utilized as a substitute technique
to identify increased ICP.

CONCLUSION

The diagnosis of elevated ICP can be made using the
ONSD as a triage tool. CT ONSD may be a useful
radiological tool to rule out existence of elevated ICP, it
should be noted in every report of CT scan in cases of TBI.
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