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ABSTRACT

Objective: To evaluate the diagnostic accuracy of optic nerve sheath diameter (ONSD) 
measured by ultrasound as a non-invasive marker for detecting elevated intracranial pressure 
(ICP) in patients with traumatic brain injury (TBI), based on clinical and radiological findings.
Methods: This diagnostic accuracy study included 180 adult patients with isolated TBI 
admitted to a Level I Trauma Centre in Eastern India. ONSD was measured bilaterally using 
a 7.5 MHz linear ultrasound probe, 3 mm posterior to the globe. Clinical and radiological 
parameters were recorded, and increased ICP was determined based on a predefined clinical 
signs and computed tomography findings. Statistical analysis included logistic regression 
and receiver operating characteristic (ROC) curve analysis using Jamovi software.
Results: The mean ONSD was significantly higher in patients with increased ICP (5.36±0.56 
mm) compared to those without (4.13±0.34 mm, p<0.001). ROC analysis showed excellent 
diagnostic performance (area under the curve: 0.942), with sensitivity and specificity of 
93.2% and 81.8%, respectively, at a cut-off value of 5.0 mm. The positive predictive value was 
74.0%, and the negative predictive value was 99.0%. Increased ONSD was associated with 
TBI severity and poor Glasgow Outcome Scale scores at 3 months.
Conclusion: Ultrasound-measured ONSD is a sensitive, non-invasive bedside tool for 
detecting increased ICP in TBI patients, particularly useful in resource-limited settings.

Keywords: Traumatic brain injury; Optic nerve; Intracranial pressure; Ultrasonography; 
Glasgow Coma Scale

INTRODUCTION

Traumatic brain injury (TBI) is a significant global public health concern and a leading cause 
of morbidity and mortality, particularly among individuals in the productive age group.15) It 
is estimated that TBI affects millions of people worldwide, with road traffic accidents, falls, 
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and violent injuries being the predominant causes.5) In developing countries like India, the 
burden of TBI is particularly high due to inadequate road safety measures, limited access 
to specialized trauma care, and a predominantly rural population engaged in high-risk 
occupations.1,8) Monitoring of intracranial pressure (ICP) plays an important role in the 
management of TBI patients, as elevated ICP is strongly associated with poor outcomes, and 
timely detection can guide interventions to prevent secondary brain injury.21) Conventionally, 
invasive monitoring techniques such as external ventricular drains and intraparenchymal 
catheters are considered the gold standard for ICP measurement. However, these methods 
carry risks of infection, hemorrhage, and technical complications, limiting their widespread 
application, especially in resource-limited settings. This has led to increasing interest in 
non-invasive methods for ICP estimation.14,19) Among these, optic nerve sheath diameter 
(ONSD) measurement using bedside ultrasonography has emerged as a promising non-
invasive tool for detecting increased ICP. The optic nerve sheath is an extension of the dura 
mater, and changes in ICP are transmitted directly to the sheath, leading to its distension. 
Several studies have demonstrated a strong correlation between ONSD and invasive ICP 
measurements, making it a valuable surrogate marker for intracranial hypertension. In 
addition, ONSD measurement is rapid, repeatable, and requires minimal technical expertise 
compared to invasive methods.12) This study was conducted at a tertiary trauma care center 
in Eastern India with the objective of evaluating the diagnostic accuracy of ultrasonographic 
ONSD measurement in detecting raised ICP in patients with TBI, using clinical and 
radiological findings as reference standards. By validating ONSD as a reliable non-invasive 
screening tool, this research aims to support timely diagnosis and management of TBI 
patients, thereby potentially reducing mortality and long-term neurological deficits.

MATERIALS AND METHODS

This prospective observational study was conducted at a Level I Trauma Centre in Eastern 
India from January 2023 to June 2024. Out of 213 trauma patients assessed during this 
period, 180 patients aged 18–70 years with isolated traumatic brain injury who presented 
within 24 hours of injury, were included. Isolated TBI refers to traumatic brain injury without 
any concomitant injuries to other body regions.4) Conversely, non-isolated TBI referred to 
patients with TBI associated with concomitant injuries to any other body regions.4) Exclusion 
criteria were non-isolated TBI, polytrauma, pre-existing ocular diseases, penetrating eye 
injuries, orbital fractures, or patients with facial trauma precluding ocular ultrasound.

After obtaining informed consent, all patients underwent detailed clinical assessment 
including Glasgow Coma Scale (GCS) scoring. In the absence of invasive intracranial pressure 
monitoring, increased ICP was diagnosed based on a combination of clinical and radiological 
criteria. Clinically, patients were considered to have increased ICP if they demonstrated 
one or more of the following signs: a GCS score ≤8, motor posturing (GCS motor response 
≤3), or unilateral/bilateral pupillary dilation. Radiological indicators included either the 
compression or effacement of basal cisterns, midline shift greater than 10 mm, or both, as 
observed on non-contrast computed tomography (NCCT) of the head.6) ONSD measurements 
were performed within the first hour of patient presentation to trauma emergency 
department, following the initial diagnosis of isolated TBI and after applying exclusion 
criteria. ONSD was measured bilaterally using a high-frequency 7.5 MHz linear ultrasound 
probe. Measurements were taken 3 mm posterior to the globe in the axial plane with the 
patient in a supine position and head elevated at 30 degrees (FIGURE 1). The mean ONSD 
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was calculated by averaging 3 readings from each eye. A threshold of >5 mm was considered 
increased ONSD. This cut-off is supported by previous literature that identified 5.6 mm as 
an optimal threshold for predicting increased ICP with good sensitivity and specificity.16,20) 
Subsequently, an NCCT head was performed as part of routine TBI evaluation. Based on 
clinical and radiological findings, increased ICP was identified.

Data analysis was conducted using Jamovi software. Statistical methods included receiver 
operating characteristic (ROC) curve analysis, logistic regression and χ2 tests. The p-value of 
<0.05 was considered statistically significant.

RESULTS

A total of 180 patients with isolated TBI were included in the study. The flowchart of the 
study is illustrated in FIGURE 2. The study had a male predominance of 65% and a mean age 
was 39.7 years. The majority of patients were in the 18–40 years age group (58.3%), followed 
by 41–70 years (37.8%), and above 70 years (3.9%). Most injuries were caused by road traffic 
accidents, followed by falls and assault.

Based on the GCS scores, 43.9% had mild TBI (GCS 13–15), 22.8% had moderate TBI 
(GCS 9–12), and 33.3% had severe TBI (GCS ≤8). The mean GCS score at presentation was 
10.6±4.01. The distribution of intracranial lesions in the study population, showed that 
contusions were the most common pathology (65.6%), followed by fractures (28.3%), 
subdural hematoma (23.3%), epidural hematoma (16.1%), subarachnoid hemorrhage 
(14.4%) and intraventricular hemorrhage (2.2%).

As detailed in TABLE 1, patients with increased ICP had higher mean age (41.5 years) compared 
to those without increased ICP (38.5 years). Males predominated in both groups, with a 
notably higher percentage (86.2%) among those with increased ICP. The mean GCS score 
was significantly lower in the increased ICP group (7.48) than in those without (13.0). Mean 
ONSD was also significantly higher in the increased ICP group (5.36 vs. 4.13 mm), with all 58 
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FIGURE 1. Diagram and ultrasound image showing the anatomical landmarks used to measure ONSD, including 
the retina, optic disc, optic nerve, and sheath. 
ONSD: optic nerve sheath diameter.



patients with ONSD >5 mm showing increased ICP. Regarding management, all patients who 
underwent decompressive craniectomy had increased ICP, while only 1 patient with increased 
ICP was managed non-operatively. Outcomes were markedly poorer in the increased ICP 
group, with higher mortality (18.9% vs. 1.6%), more cases of persistent vegetative state and 
severe disability, and fewer patients achieving good recovery (19% vs. 86.1%).

Subgroup analyses examined the relationship between ONSD and clinical/radiological 
indicators of raised ICP. As shown in TABLE 2, patients with GCS ≤8 (n=60) showed a 
significantly higher mean ONSD (5.18±0.735 mm, p<0.001). Among those exhibiting motor 
posturing (GCS motor ≤3, n=27), the mean ONSD was 5.42±0.691 mm, which was also 
statistically significant (p<0.001). Pupillary dilation was associated with a mean ONSD of 
5.23±0.637 mm (p<0.001). Radiologically, compression or effacement of the basal cisterns 
(n=50) and midline shift >10 mm (n=55) were also significantly associated with increased 
ONSD (5.31±0.662 mm and 5.35±0.684 mm, respectively; both p <0.001). These findings 
emphasize a strong correlation between elevated ONSD and clinical as well as imaging signs 
of increased ICP.

The mean ONSD was across the study was 4.66 mm, with standard deviation of 0.756 and 
values ranging from 3.40 to 6.35 mm. ROC curve analysis revealed an optimal ONSD cut-off 
value of 5.0 mm for predicting increased ICP, yielding an area under the curve (AUC) of 0.942 
(FIGURE 3). At this cut-off, ONSD demonstrated a sensitivity of 93.2% and specificity of 81.8%, 
with a positive predictive value of 74.0%, and the negative predictive value of 99.0%. Logistic 
regression analysis demonstrated a significant correlation between ONSD and increased 
ICP (p<0.001, odds ratio: 0.162). Patients with severe TBI and midline shift had significantly 
increased ONSD values compared to those with mild or moderate TBI (p<0.001). At 3-month 
follow-up, mortality was observed in 7.2% of patients, and the Glasgow Outcome Scale (GOS) 
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Trauma patients (n=213)

Patients enrolled (n=180)

Mean ONSD measurement (n=180)

Patients excluded (n=33)
• Penetrating head injury (n=7)
• Ocular injury (n=8)
• Polytrauma (n=18)

ONSD >5 mm
(n=58)

ONSD <5 mm
(n=122)

ICP elevated based
on clinical and

radiological findings
(n=58)

ICP not elevated based
on clinical and

radiological findings
(n=0)

ICP elevated based
on clinical and

radiological findings
(n=18)

ICP not elevated based
on clinical and

radiological findings
(n=104)

FIGURE 2. Flowchart showing patient selection and grouping based on ICP. 
ICP: intracranial pressure, ONSD: optic nerve sheath diameter.



assessment showed that 64.4% had good functional recovery, while 16.7% had moderate 
disability, and 10.0% had severe disability. Patients with an ONSD >5 mm were more likely to 
have unfavorable outcomes (GOS ≤3), highlighting its prognostic value in TBI management.
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TABLE 1. Baseline characteristics, management, and outcomes in isolated TBI patients with and without increased ICP based on clinical and radiological parameters
Variable All subjects (n=180) No increased ICP (n=122) Increased ICP (n=58) p-value
Age (years) 39.7±17.0 38.5±16.6 41.5±17.5 <0.001
Sex n=180 n=103 n=77

Male 117 (65.0) 67 (65.0) 50 (64.9) 0.987
Female 63 (35.0) 36 (35.0) 27 (35.1) 0.987

GCS score 10.6±4.01 13.0±2.88 7.48±3.03 <0.001
ONSD (mm) 4.66±0.76 4.13±0.34 5.36±0.56 <0.001
Management n=180 n=103 n=77

Decompressive craniectomy performed 47 (26.1) 0 (0.0) 47 (61.0) <0.001
Craniotomy performed 31 (17.2) 9 (8.7) 22 (28.6) <0.001
Non-operative management 95 (52.8) 94 (91.3) 1 (1.3) <0.001
Surgery deferred due to poor outcome 7 (3.8) 0 (0.0) 7 (9.1) <0.001

GOS scores at 3 months n=180 n=121 n=59
Death 13 (7.2) 2 (1.7) 11 (18.6) <0.001
Persistent vegetative state 3 (1.7) 0 (0.0) 3 (5.1) <0.001
Severe disability 18 (10) 8 (6.6) 10 (16.9) <0.001
Moderate disability 30 (16.7) 6 (5.0) 24 (40.7) <0.001
Good recovery 116 (64.4) 105 (86.8) 11 (18.6) <0.001

Values are presented as mean ± standard deviation or number of subjects (%).
TBI: traumatic brain injury, ICP: intracranial pressure, GCS: Glasgow Coma Scale, ONSD: optic nerve sheath diameter, GOS: Glasgow Outcome Scale.

TABLE 2. Association between clinical/radiological parameters of increased ICP and mean ONSD
Parameter Number of patients Mean ONSD (mm) Standard deviation Statistical test p-value
GCS ≤8 60 5.18 0.735 Welch’s ANOVA <0.001
Motor posturing (GCS motor ≤3) 27 5.42 0.691 Independent t-test <0.001
Pupillary dilation 59 5.23 0.637 Welch’s ANOVA <0.001
Compression or effacement of cisterns 50 5.31 0.662 χ2 <0.001
Midline shift >10 mm 59 5.35 0.684 χ2 <0.001
ICP: intracranial pressure, ONSD: optic nerve sheath diameter, GCS: Glasgow Coma Scale, ANOVA: analysis of variance.
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FIGURE 3. ROC curve illustrating the diagnostic accuracy of mean ONSD in predicting elevated ICP. 
ROC: receiver operating characteristic, ONSD: optic nerve sheath diameter, ICP: intracranial pressure, AUC: area 
under the curve.



DISCUSSION

TBI remains a major public health concern worldwide, being one of the leading causes of 
mortality, disability, and socioeconomic burden, particularly in the 18–44-year age group—
the most productive phase of life.3,9,10) In India, the burden is more pronounced due to a 
combination of poor road infrastructure, limited enforcement of traffic safety regulations, 
and widespread reliance on two-wheeled transport.11)

The demographic profile in our study aligns with existing literature, showing a male 
predominance (3:1), which reflects the societal structure and higher occupational exposure 
of males. Studies by Andelic et al.3) and Kamal et al.11) also documented a significantly higher 
prevalence of TBI among males. The mean age of our cohort was 39.7 years, with most 
patients in the 18–40-year range. This trend has been reported by various studies indicating 
that younger adults are particularly vulnerable due to increased exposure to risk factors such 
as road traffic accidents, industrial injuries, and interpersonal violence.2,11,17,20)

In our study, mild head injuries (GCS 13–15) comprised 43.9% of cases, moderate head 
injuries accounted for 22.8%, and severe head injuries represented 33.8%. This highlights the 
significant burden of mild TBIs on trauma centers. The median GCS was 10.6. In contrast, 
Robba et al.18) reported a mean GCS of 7, which may reflect a higher proportion of severe 
cases in their study. Among the observed computed tomography findings, contusions were 
the most prevalent (65.6%), followed by subdural hematoma (23.3%), epidural hematoma 
(16.1%), subarchnoid hemorrhage (14.4%), and intraventricular hemorrhage (2.2%). These 
findings are consistent with those of Altayar et al.2) and Geeraerts et al.7) who noted that 
contusions and subdural hematomas often contribute to increased ICP.

Ultrasonographic ONSD offers a rapid, bedside method for assessing increased ICP, 
especially when invasive monitoring is either unavailable or contraindicated. In our study, the 
mean ONSD was 4.66 mm (±0.793), with a median of 4.45 mm. These values are comparable 
to Robba et al.18) (median ONSD: 4.9 mm), and slightly lower than those reported by Lee et 
al.13) who recorded a higher ONSD (5.68±0.78 mm) likely due to a predominance of severe TBI 
cases in their cohort. We adopted a cut-off value of ≥5 mm to define increased ONSD, based 
on ROC analysis, supported by previous studies.16,22) Using this threshold, 32.2% of patients 
were categorized as having increased ICP, among whom 65% had severe TBIs.

In the absence of invasive ICP monitoring—considered the gold standard but often 
unavailable in resource-limited settings—our study relied on a combination of validated 
clinical and radiological indicators to identify increased ICP. This approach was informed 
by previous high-quality meta-analyses that evaluated the diagnostic accuracy of clinical 
and radiological findings. Clinical signs such as a GCS score ≤8 demonstrated a sensitivity 
of 75.8% and specificity of 39.9%, while motor posturing (GCS motor response ≤3) had 
a sensitivity of 54.3% and specificity of 63.6%. Pupillary dilation, although less sensitive 
(28.2%), showed a high specificity of 85.9% for increased ICP. Radiological markers 
including effacement or compression of the basal cisterns on NCCT showed a sensitivity 
of 85.9% and specificity of 61.0%, while a midline shift greater than 10 mm was highly 
specific (89.2%) albeit less sensitive (20.7%).6) These criteria were chosen for their practical 
applicability and moderate-to-high diagnostic accuracy, making them appropriate surrogate 
markers for raised ICP in our observational study, particularly in settings where invasive 
methods are not feasible.
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The ROC curve analysis in our study demonstrated an AUC of 0.942, which signifies excellent 
discriminatory power of ONSD in identifying increased ICP. This is in close agreement with 
findings from Sharawat et al.20) (AUC: 0.976) and Mathews et al.16) (AUC: 0.90). At the 5 mm 
cut-off, ONSD demonstrated a sensitivity was 93.2%, specificity 81.8%, and overall accuracy 
88.3%. The positive predictive value was 74.0%, indicating that most patients with ONSD 
≥5 mm had raised ICP; the negative predictive value was 99.0%, affirming the reliability of 
ONSD in ruling out raised ICP.

Regarding patient outcomes, our study revealed a mortality rate of 7.2%, which is significantly 
lower than Kamal et al.11) reported rate of 34.58%. This could be due to differences in inclusion 
criteria and severity grading. Additionally, 64.4% of our patients achieved a favorable outcome 
on the GOS at 3 months, compared to 15.72% at 6 months in Kamal et al.’s cohort.11) The 
disparity may also be attributed to the higher number of severe TBIs and complications in 
their study. Surgical intervention was required in 43.3% of cases: decompressive craniectomy 
(26.1%) and craniotomy (17.2%). These rates are slightly lower than those reported by 
Kamal et al.11) (55%), likely due to variations in case severity and institutional protocols. The 
remaining 52.8% were managed conservatively, which aligns with the growing recognition of 
individualized, evidence-based approaches in neurotrauma care.

Overall, our findings support the incorporation of ONSD measurement into routine 
neurotrauma assessment. It offers a valuable, repeatable, non-invasive bed-side technique 
for identifying patients at risk of increased ICP and facilitates early intervention. In resource-
limited settings where invasive neuromonitoring are not feasible, ONSD can serve as an 
effective triage tool to guide decision-making.

Limitations
This single-center study lacked invasive ICP monitoring and instead relied on clinical and 
radiological findings, which may have introduced classification bias. The study did not 
assess the temporal relationship between increased ONSD and the onset of increased ICP. 
Additionally, the study was not designed to identify specific clinical triggers for performing 
ONSD in the setting of an increased ICP. Inter- and intra-observer reliability of ONSD 
measurements was not assessed. Long-term outcomes beyond 3 months were not evaluated. 
Future multicenter studies incorporating serial ONSD measurements and invasive ICP 
monitoring are needed to confirm the temporal association and larger sample population to 
validate ONSD as a reliable real-time early screening tool.

CONCLUSION

This study demonstrates the utility of ONSD measurement as a non-invasive, reliable 
predictor of increased intracranial pressure in traumatic brain injury patients. The 
findings highlight a strong correlation between increased ONSD and poor neurological 
outcomes, reinforcing its clinical significance in early diagnosis and decision-making 
for TBI management. Given the challenges associated with invasive ICP monitoring, 
ONSD ultrasound emerges as a practical alternative in settings where invasive monitoring 
is contraindicated or unavailable. It provides a rapid, bedside tool to aid in early risk 
stratification, guiding timely interventions and improving patient outcomes. However, 
despite its high diagnostic accuracy, ONSD should complement, not replace, clinical and 
radiological assessments for ICP monitoring. Further multi-center studies with larger cohorts 
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are recommended to establish standardized protocols and refine cutoff values for different 
patient populations.
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