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Purpose: The optic nerve sheath diameter (ONSD) measured by ultrasonography is 

among the indicators of intracranial pressure (ICP) elevation. However, whether ONSD 

measurement is useful for initial treatment remains controversial. Thus, this study aimed 

to investigate the relationship between ONSD measured by computed tomography (CT) 

and ICP in patients with traumatic brain injury (TBI). 

Methods: A total of 246 patients with severe trauma from January 1, 2015 until Decem-

ber 31, 2015 were included in the study. A total of 179 patients with brain damage with 

potential for ICP elevation were included in the TBI group. The remaining 67 patients 

comprised the non-TBI group. A comparison was made between the two groups. Re-

ceiver operating characteristic (ROC) curve analysis was performed to determine the 

accuracy of ONSD when used as a screening test for the TBI group including those with 

TBI with midline shift (with elevated ICP).

Results: The mean injury severity score (ISS) and glasgow coma scale (GCS) of all pa-

tients were 24.2±6.1 and 5.4±0.8, respectively. The mean ONSD of the TBI group (5.5±1.0 

mm) was higher than that of the non-TBI group (4.7±0.6 mm). Some significant differ-

ences in age (55.3±18.1 vs. 49.0±14.8, p<0.001), GCS (11.7±4.1 versus 13.3±3.0, p<0.001), 

and ONSD (5.5±1.0 vs. 4.7±0.6, p<0.001) were observed between the TBI and the non-TBI 

group. An ROC analysis was used to assess the correlation between TBI and ONSD. Re-

sults showed an area under the ROC curve (AUC) value of 0.752. The same analysis was 

used in the TBI with midline shift group, which showed an AUC of 0.912.

Conclusions: An ONSD of >5.5 mm, measured on CT, is a good indicator of ICP eleva-

tion. However, since an ONSD is not sensitive enough to detect an increased ICP, it should 

only be used as one of the parameters in detecting ICP along with other screening tests.
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INTRODUCTION

Intracranial pressure (ICP) is one of the important indica-

tors of traumatic brain injury (TBI) or altered mental sta-

tus in patients admitted to the initial trauma department. 

Patients with elevated ICP may require interventional 

therapy as it can lead to poor outcomes [1,2]. However, a 

neurologic exam has a limited capacity to detect ICP ele-

vation as multiple injuries, sedation including a drunken 

state, or paralysis may occur during pre-hospital care [3]. 

A brain computer tomography (CT) is the best examina-

tion in detecting intracranial lesions after TBI. However, 

CT is not used in patients with unstable vital signs, if it 

delays the transport of patients to an advanced hospital, 

and in patients without acute hemorrhage [4].

The optic nerve sheath diameter (ONSD) is among the 

indicators of elevated ICP. Several studies in Western 

countries have reported a correlation between ONSD and 

ICP [5-9].

This study aimed to determine the relationship between 

ONSD measured by CT and ICP elevation in patients 

with TBI.

METHODS

This study included 509 patients with injury severity score 

(ISS) of 15 or higher who visited the trauma center from 

January 1, 2015 until December 31, 2015. Of the 509 pa-

tients who underwent CT scan, 354 had injuries on the 

brain, chest, and abdomen. Patients below 18 years old 

whose growth was not physically terminated were exclud-

ed from this study. Patients with suspected orbital injury 

and brain lesions other than trauma were also excluded 

(Fig. 1).

Two hundred forty-six patients included in present 

study were classified into two groups: TBI group and 

non-TBI group. The TBI group comprised patients with 

extra-axial or intra-axial hematoma as determined by 

the abbreviated injury scale (AIS), the non-TBI group 

included patients without TBI as determined by the AIS 

(Fig. 1). For identifying ONSD changes as ICP increases, 

we also classified TBI group into elevated ICP group and 

non-elevated ICP group. Elevated ICP group included pa-

tients with TBI plus midline-shifting, and the remaining 

patients were classified as non-elevated ICP group. We 

excluded 82 patients diagnosed TBI without mass-effect 

such as diffuse axonal injury, concussion or traumatic 

subarachnoid hemorrhage. Because these patients usually 

do not have elevated intracranial pressure and often have 

conservative treatment even if they have symptoms (Fig. 1).

We retrospectively collected the following patient char-

acteristics: age, gender, ISS, GCS, and mortality. Brain 

CT was performed via 3 mm thickness-helical scan. The 

Fig. 1. Selection of patients in the present study. ISS: injury severity score, CT: computed tomography, TBI: traumatic brain injury. 
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scan angle was set parallel to the skull base line and the 

scan range was from top of C1 lamina to top of calvari-

um. We estimated the diameter of the midline shift and 

the amount of hematoma using the ABC/2 estimation 

technique in the CT image. The ONSD was measured at 3 

mm behind the optic globe in the CT scan (Fig. 2).

A statistical analysis was performed using the IBM SPSS 

Statistics ver. 20.0 (IBM Corp., Somers, NY, USA). The 

characteristics of both groups were compared using a 

student’s t-test, and a p value of <0.05 denotes a statistical 

difference. Receiver operating characteristic (ROC) curve 

analysis was used to determine the correlation between 

ONSD and TBI or TBI with midline shift.

RESULTS

In this study, 182 of the 246 patients were males. The 

mean age was 54.06±14.05 years, while the mean ISS and 

GCS were 24.2±6.1 and 5.4±0.8 respectively (Table 1). 

SDH was the most common diagnosis among patients 

with TBI. The mean OSND of all patients was 5.4±0.8 

(16.3%). The mortality rate of all patients was 16.2%. 

The age (55.3±18.1 vs. 49.0±14.8 years, p<0.001), GCS 

(11.7±4.1 vs. 13.3±3.0, p<0.001), and ONSD (5.5±1.0 vs. 

4.7±0.6, p<0.001) did not differ significantly between the 

TBI and the non TBI group (Table 2). There was no sig-

nificant difference in sex ratio, mean ISS, and mortality 

between the two groups.

The ROC analysis revealed a correlation between TBI 

and ONSD, with an area under the ROC curve (AUC) 

value of 0.752 (Fig. 3). Therefore, TBI with a sensitivity of 

46.9% and a specificity of 88% indicates that ICP increas-

Table 1. Patient characteristic in the present study

Patient characteristics Value 

Sex

Male 182

Female 64

Age (years) 54.06±14.05

ISS 24.2±6.1

GCS 5.4±0.8

Diagnosis

SDH 102

EDH 61

Hemorrhagic contusion 12

ICH 4

Non-TBI trauma 67

ONSD (mm) 5.3±0.8

No. of deaths 40

Values are presented as number or mean±standard deviation.
ISS: injury severity score, GCS: glasgow coma scale, SDH: subdural he-
matoma, EDH: epidural hematoma, ICH: intracerebral hemorrhage, TBI: 
traumatic brain injury, ONSD: optic nerve sheath diameter.

Table 2. Comparison between TBI group and non-TBI group

TBI (n=179) Non-TBI (n=67) p-value

Sex 0.57

Male 135 47

Female 44 20

Age (year) 55.3±18.1 49.0±14.8 0.001a

ISS 24.7±8.0 23.2±8.5 0.12

GCS 11.7±4.1 13.3±3.0 0.001a

Mortality 31 (17.3) 9 (9.8) 0.072

ONSD (mm) 5.5±1.0 4.7±0.6 < 0.001a

Values are presented as number (%) or mean±standard deviation.
TBI: traumatic brain injury, ISS: injury severity score, GCS: Glasgow coma 
scale, ONSD: optic nerve sheath diameter.
ap<0.05.

Fig. 2. Method of measuring ONSD in CT. ONSD: optic nerve sheath 
diameter, CT: computed tomography. 
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es when ONSD is 5.5 mm or higher. These results suggest-

ed that the ONSD measurement is not highly relevant to 

the TBI group. An ROC curve was used to analyze the 

correlation between TBI group and those with midline 

shift seen on CT scans. Results revealed an AUC of 0.912 

(Fig. 4). When the ONSD was 5.5 mm or higher, TBI with 

midline shift was shown to have a sensitivity of 89.9% and 

specificity of 80%. Therefore, ONSD is a good indicator 

of midline shift in patients with TBI.

DISCUSSION

Patients with severe trauma with TBI usually have high 

mortality and morbidity rates [1,2]. Patients with severe 

trauma often experience loss of consciousness due to 

unstable vital signs, are placed on a sedative state, or suf-

fer from brain injury at initial treatment [9]. Therefore, 

patients with severe trauma should be evaluated for trau-

matic brain injury. A brain computer tomography is the 

gold standard for evaluation of traumatic brain injury. 

However, a CT scan is not used in patients with unstable 

vital signs, if it delays the transport of patients, and in 

mass casualty incidents [10]. Thus, a bedside procedure to 

identify a brain injury that can lead to elevated ICP may 

be useful in some situations.

The ultrasonographic measurement of the ONSD can 

be performed at the patient’s bedside; several studies have 

reported the association between ICP and ONSD [5-9]. 

Previous studies revealed that ONSD increases to >5 mm 

on ultrasonography if the ICP increases by >20 mmHg 

or a lesion develops which can trigger ICP elevation. Ac-

cording to Geeraerts et al., the ONSD in patients with TBI 

with an elevated ICP was 6.3±0.6, which was 1 mm higher 

than the ONSD in patients with normal ICP [11]. On the 

other hand, Strumwasser et al. reported a weak correla-

tion between ICP elevation and ONSD based on the re-

sults of the ROC analysis (AUC=0.36) [12]. Considering 

the results of the previous studies, the correlation between 

ONSD measured by ultrasonography and elevated ICP 

remains controversial.

Thus, this study aimed to examine the association be-

tween ONSD measured on CT and TBI. The results of 

this study may be necessary in the treatment of patients 

with TBI with elevated ICP as the ultrasound measure-

ment of ONSD may be inaccurate based on how it was 

performed. The TBI group had a mean ONSD value of 

5.5±1.0. In the TBI with midline shift group, the ROC 

curve analysis showed a correlation between brain hernia-

tion and ONSD, with an AUC of 0.912. The results of the 

present study and the previous studies suggested that the 

ONSD increases to 5.5 mm as the ICP increases.

ICP elevation is difficult to detect in patients with trau-

ma during initial treatment. Symptoms such as headache, 

papilloedema, and vomiting are indicative of elevated 

Fig. 3. ROC curve for ability of ONSD to determine TBI suspected of 
ICP elevation. ROC: receiver operating characteristic, ONSD: optic nerve 
sheath diameter, TBI: traumatic brain injury, ICP: intracranial pressure, 
AUC: area under the ROC curve.

Fig. 4. ROC curve for ability of ONSD to determine TBI with midline 
shift. ROC: receiver operating characteristic, ONSD: optic nerve sheath 
diameter, TBI: traumatic brain injury, AUC: area under the ROC curve.
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ICP. However, the degree of the above symptoms and 

elevations in ICP are not related [6]. Changes in the blood 

pressure and pulse rate and an abnormal respiratory 

pattern occur in the later stages of elevated ICP due to 

brainstem compression [13]. The deterioration of con-

sciousness based on the patient’s GCS is linked to the 

gradual elevation of ICP [14]. However, in the case of 

patients with severe trauma, the level of consciousness 

remains decreased even if TBI is not severe [3]. In this 

study, ONSD might be a less useful screening test to de-

tect ICP elevation during initial treatment. Based on the 

results of the ROC analysis in the TBI group, an ONSD of 

5.5 mm or more yielded a sensitivity of 46.9%. Therefore, 

ONSD should be used as one of the parameters in detect-

ing ICP elevation during the initial treatment of patients 

with severe trauma as it is not useful in ICP monitoring 

or checking patient’s level of consciousness.

This study has several limitations. As we measured 

ONSD on initial brain CT, we could not confirm the ICP 

value of patients who were diagnosed with TBI. Also, we 

could not control all variable biases because it was a ret-

rospective study. However, this result is considered valid 

since there are sufficient number of cases and measuring 

ONSD by CT is less deviations according to performer 

than ultrasonographical measurement.

CONCLUSION

Our findings indicate that the ONSD measured via CT 

increases to 5.5 mm or more with a clear increase in ICP. 

However, ONSD is not likely to be useful in screening 

tests. Therefore, ONSD should be used as one of the pa-

rameters when the conventional method for ascertaining 

ICP elevation cannot be used in the initial treatment of 

patients with severe trauma.
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