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Abstract:

Background: Early detection of Intracranial pressure (ICP) in sufferers with head injury is crucial for preventing
secondary brain damage. Traditional methods consisting of invasive tracking or neuroimaging won't be right away
available in emergency settings. This observation aimed to assess the optic nerve sheath diameter (ONSD)
measured via point of care ultrasound (POCUS) for early detection of raised ICP in a cohort of head injury sufferers
presenting to the emergency department.

Methods: This was a prospective observational cohort study performed over six months at the emergency
department of Indira Gandhi Institute of medical Sciences (IGIMS), Patna. A total of a hundred and fifty adults
patients with acute head injury underwent bilateral ONSD measurement using a high-frequency linear ultrasound
probe. ONSD values had been correlated with findings from computed tomography (CT) of the brain.
Diagnostic accuracy, sensitivity, specificity, and predictive values had been calculated. The relationship among
ONSD and Glasgow Coma Scale (GCS) scores was additionally analyzed.

Results: The mean ONSD in sufferers with CT-confirmed raised ICP changed into notably better than in those
without. An ONSD threshold of 5.5 mm yielded a sensitivity of 91.4% and specificity of 87.3%. A sturdy inverse
correlation was determined among GCS rating and ONSD values. ROC evaluation discovered a place under the
curve (AUC) of 0.89, indicating tremendous diagnostic overall performance.

Conclusions: ONSD measurement via POCUS is a reliable, fast, and non-invasive approach for early
identification of raised ICP in head-injured sufferers, with capacity application in emergency care protocols,
specifically in resource-constrained settings.

Keywords: Optic nerve sheath diameter, Point-of-care ultrasound, Intracranial pressure, Head injury, Emergency
medicine, Glasgow Coma Scale.
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Introduction

Traumatic brain injury (TBI) stays one of the most
tremendous public health challenges globally,
accounting for sizeable morbidity, mortality, and
long-term incapacity throughout all age. TBI is
projected to surpass many sicknesses because the
fundamental purpose of demise and disability
through 2030. [1] the various most existence-
threatening consequences of mild-to-excessive head
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trauma is increased intracranial pressure (ICP),
which could lead to brain herniation and irreversible
neurological damage if not directly identified and
managed. [2] rapid identification and monitoring of
ICP is, consequently, a cornerstone inside the
emergency and vital care of TBI sufferers.
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Traditional gold-general strategies for ICP
monitoring, along with intraventricular catheter
placement or intraparenchymal sensors, are
invasive, costly, and often unavailable in lots of low-
aid emergency  departments. [3]  whilst
neuroimaging modalities like computed tomography
(CT) and magnetic resonance imaging (MRI) offer
indirect proof of raised ICP, their use is constrained
by means of delays, want for patient shipping, and
contraindications in risky patients. [4] consequently,
the want for a fast, non-invasive, bedside screening
tool for increased ICP is urgent.

current advances in point of care ultrasound
(POCUS) have delivered the dimension of optic
nerve sheath diameter (ONSD) as a promising
alternative. The optic nerve sheath, being an
extension of the dura mater, is without delay
inspired by using adjustments in cerebrospinal fluid
(CSF) dynamics and accordingly serves as a
surrogate marker for intracranial pressure. [5]
Ultrasound-based ONSD size is non-invasive,
repeatable, inexpensive, and can be accomplished
fast by trained clinicians, even in austere settings. [6]
multiple studies have verified sturdy correlations
among elevated ONSD and improved ICP, with
proposed diagnostic thresholds generally starting
from 5.0 mm to 5.9mm in adults. [7]

Despite this growing body of evidence, most
validation studies have been conducted in Western
populations, and there is a lack of region-specific
data evaluating the diagnostic performance of
ONSD in Indian emergency departments. [8]
Furthermore, inter-operator variability, lack of
standardized protocols, and population-specific
anatomical variations necessitate localized studies to
establish clinical applicability. [9] Particularly in
high-burden, resource-constrained tertiary hospitals
in India, POCUS-based ONSD measurement holds
potential as a triage tool for prioritizing
neuroimaging and guiding early therapeutic
decisions. [10]

The present prospective observational cohort study
was conducted at the Emergency Department of
Indira Gandhi Institute of Medical Sciences
(I.G.ILM.S), Patna, over a period of six months,
involving 150 patients presenting with acute head
injury. The primary objective was to evaluate the
clinical utility of PoCUS-measured ONSD in the
early detection of elevated ICP and its correlation
with radiological findings, thus assessing its role as
a practical, bedside screening modality in routine
emergency care in the Indian context.

Methods

Study Design and Setting: This prospective
observational cohort was carried out over a length of
six months, within the Emergency branch (ED) of
Indira Gandhi Institute of clinical Sciences (IGIMS),
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Patna, a tertiary care medical institution in eastern
India. The observer aimed to evaluate the optic
nerve sheath diameter (ONSD) measurement using
point-of-care ultrasound (PoCUS) for early
detection of elevated intracranial strain (ICP) in
sufferers presenting with acute head injury.

Ethical Consideration: The take a look at protocol
turned into reviewed and authorized by using the
Institutional Ethics Committee of IGIMS, Patna.
Written knowledgeable consent changed into
acquired from all sufferers or their prison guardians
prior to enrollment within the take a look at. The
study adhered to the ethical concepts outlined inside
the declaration of Helsinki and complied with
national recommendations for biomedical studies
regarding human subjects. [11]

Study Population: A total of 150 patients aged >18
years, presenting to the ED with a clinical diagnosis
of head injury, were included consecutively.
Inclusion criteria encompassed patients with
Glasgow Coma Scale (GCS) scores <15 and
radiological evidence or clinical suspicion of
increased ICP. Exclusion criteria included patients
with penetrating head injuries, known ocular
pathologies (e.g., glaucoma, optic neuritis), orbital
trauma, or pre-existing neurological diseases.
Patients with hemodynamic instability precluding
ocular examination were also excluded. [12]

Ultrasound Protocol for ONSD Measurement:
ONSD was measured bilaterally the use of a
transportable ultrasound device (Mindray MT7;
Mindray Bio-medical Electronics, Shenzhen, China)
equipped with a high-frequency linear probe
(7.five-13 MHz). sufferers have been examined
within the supine function with eyes closed. A thick
layer of sterile ultrasound gel becomes implemented
over the closed eyelids, and the probe turned into
gently positioned without exerting pressure. ONSD
changed into measured three mm posterior to the
retina inside the axial aircraft, perpendicular to the
optic nerve axis, as described in proven protocols.
[13]

Each eye was measured two times, and the average
of the 4 values (per eye) recorded to improve
accuracy. Measurements have been carried out
within 30 minutes of presentation and previous to
any neurosurgical intervention or administration of
ICP- lowering agents. Operators have been skilled
emergency physicians who had gone through formal
education in ocular ultrasound, ensuring inter-
operator reliability. All measurements had been
independently proven through a blinded senior
radiologist.

Neuroimaging and Diagnostic Correlation: All
Patients underwent non-evaluation computed
tomography (NCCT) of the head within one hour of
POCUS exam the usage of a GE Optima CT660
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128-slice  scanner.  Radiological  symptoms
suggestive of raised ICP, including effacement of
basal cisterns, midline shift >five mm, compressed
ventricles, or mind herniation have been
documented. CT findings were interpreted by using
two blinded senior radiologists, and their consensus
served as the reference fashionable for expanded
ICP. [14]

Statistical Analysis: Statistics had been recorded in
Microsoft Excel and analyzed the use of SPSS
model 25. zero (IBM Corp., Armonk, the big apple,
united states). continuous variables have been
expressed as imply + widespread deviation, and
express variables as frequency and percentages.

Receiver working characteristic (ROC) curve
evaluation changed into conducted to determine the
most useful ONSD cutoff for detecting raised ICP.
Sensitivity, specificity, advantageous predictive cost
(PPV), and negative predictive value (NPV) have
been calculated. A p-cost <0.05 turned into
considered statistically considerable. [15]

Results

Demographic and Clinical Profile: A total of 150
patients presenting with head injury were included
in the study. The mean age of the cohort was 37.4 +
15.6 years, with a marked male predominance (109
males, 72.7%). The most common mechanism of
injury was road traffic accidents (62%), followed by
falls from height (21.3%) and physical assaults
(16.7%). On initial assessment, the Glasgow Coma
Scale (GCS) categorized 34% of patients as having
mild TBI (GCS 13-15), 40% with moderate TBI
(GCS 9-12), and 26% with severe TBI (GCS <8).
Additional comorbid conditions such as
hypertension and alcohol use were present in 18.6%
and 12% of cases, respectively. The detailed
demographic and clinical distribution are
summarized in Table 1.

Optic Nerve Sheath Diameter (ONSD) and
Intracranial Pressure (ICP) Relationship: The
mean bilateral ONSD measured via POCUS was
5.66 £ 0.48 mm. Elevated ONSD (>5.5 mm) was
identified in 88 patients (58.7%). When stratified
according to CT findings, patients with radiological
signs of raised ICP had significantly higher ONSD
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values (mean: 5.93 + 0.36 mm) compared to those
without (mean: 5.32 + 0.29 mm), indicating a robust
correlation (p < 0.001). This data is presented in
Table 2, which illustrates the ONSD comparison
across diagnostic groups.

Neuroimaging  Observations and  Their
Correlation: Non-contrast CT scans revealed
radiological features consistent with raised ICP in 81
patients (54%), including obliteration of basal
cisterns (29%), midline shift >5 mm (22%), cerebral
edema (18%), and compressed ventricles (9%).
Notably, 74 of these 81 patients had an ONSD
measurement  >5.5 mm, aligning  with
ultrasonographic suspicion. Conversely, 7 patients
with CT-confirmed elevated ICP had ONSD values
just below the cutoff (range 5.2— 5.4 mm),
suggesting potential variability near threshold
values. The imaging characteristics and their
diagnostic distribution are detailed in Figure 1.

Diagnostic Performance of ONSD Using ROC
Analysis: The diagnostic efficacy of ONSD was
evaluated using ROC curve analysis. An ONSD
threshold of 5.5 mm demonstrated the best
diagnostic performance, yielding an area under the
curve (AUC) of 0.89 (95% CI: 0.84-0.94). At this
cutoff, the sensitivity was 91.4%, specificity 87.3%,
positive predictive value (PPV) 84.0%, and negative
predictive value (NPV) 93.2%, indicating excellent
accuracy for early detection of raised ICP. These
diagnostic metrics are systematically presented in
Table 3, and the ROC curve visualization is shown
in Figure 2.

Association Between GCS and ONSD: A
statistically significant inverse correlation was
observed between GCS scores and ONSD
measurements (p < 0.001). Patients with severe TBI
(GCS <8) had the highest mean ONSD values (5.94
+ 0.35 mm), followed by those with moderate (5.71
+ 0.38 mm) and mild TBI (5.33 + 0.26 mm). This
progressive increase in ONSD with worsening
neurological status reinforces the clinical relevance
of PoCUS as a real-time non-invasive tool for ICP
estimation. The stratified ONSD values by GCS
category are detailed in Table 4, supporting the
utility of ONSD as an adjunct to neurological
assessment.

Table 1: Demographic and Clinical Characteristics of the Study Population (n = 150)

Variable Value

Age (mean + SD) 37.4 + 15.6 years
Gender

— Male 109 (72.7%)

— Female 41 (27.3%)
Mechanism of Injury

— Road Traffic Accident 93 (62%)

— Fall from Height 32 (21.3%)

— Physical Assault 25 (16.7%)
Glasgow Coma Scale (GCS) Score
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—Mild (13-15) 51 (34%)
— Moderate (9-12) 60 (40%)
— Severe (<8) 39 (26%)
Comorbidities

— Hypertension 28 (18.6%)
— Alcohol Use 18 (12%)
— Diabetes Mellitus 9 (6%)

— None 95 (63.3%)

Time to PoCUS from admission

Median: 18 minutes (IQR: 10-30)

Table 2: Comparison of Mean Optic Nerve Sheath Diameter (ONSD) Between Patients With and Without
Raised Intracranial Pressure (ICP)

Group Number of Patients (n) | Mean ONSD (mm) £+SD p- value
CT Evidence of Raised ICP (Yes) 81 5.93+0.36 <0.001
No CT Evidence of Raised ICP (No) 69 532+0.29

Total 150 —

Table 3: Diagnostic Performance of ONSD (>5.5 mm) for Detection of Raised Intracranial Pressure

Parameter Value
Sensitivity 91.4%
Specificity 87.3%
Positive Predictive Value 84.0%
Negative Predictive Value 93.2%
Accuracy 89.3%
Area Under ROC Curve (AUC) 0.89 (95% CI: 0.84-0.94)

Table 4: Correlation Between GCS Severity and Mean Optic Nerve Sheath Diameter (ONSD)
GCS Category Number of Patients (n) Mean ONSD (mm) = SD p-value
Mild (GCS 13-15) 51 5.33+£0.26 <0.001
Moderate (GCS 9-12) 60 5.71 £0.38
Severe (GCS <8) 39 5.94£0.35

Effaced Basal Cisterns (29%)

Midline Shift >5 mm (22%)

Figure 1: Distribution of CT Findings Indicative of Raised Intracranial Pressure

Cerebral Edema (18%)

Other/Multiple Findings (22%)

Compressed Ventricles (9%)
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Figure 2: ROC Curve for ONSD in Detecting Raised Intracranial Pressure
Discussion now not simply as a structural biomarker, but as a

This prospective Study have a look at highlights of
the substantial optic nerve sheath diameter (ONSD)
measured through point of care ultrasound (POCUS)
within the early detection of Intracranial pressure
(ICP) in sufferers imparting with head damage. With
a diagnostic accuracy of 89%, and sturdy correlation
to CT-based findings, our consequences help ONSD
measurement as a touchy, non-invasive surrogate for
figuring out raised ICP, in particular in acute care
settings. The suggest ONSD in sufferers with CT-
confirmed elevated ICP turned into notably better
than in those without radiological proof of
intracranial high pressure. those findings are regular
with preceding research through Rajajee et al. and
Moretti et al., who validated that ONSD values
above 5.2-5.9 mm correlated strongly with extended
ICP recognized through invasive monitoring.
[16,17] In our take a look at, the threshold of 5.5 mm
supplied excessive sensitivity (91.4%) and
specificity (87.3%), closely aligning with the cutoff
values mounted in this foundational research.

A comprehensive meta-evaluation through Robba et
al. further substantiated the use of ONSD as a
bedside tool for ICP estimation, with pooled
sensitivity and specificity values of 90% and 85%,
respectively. [18] these findings strengthen our facts
and validate the usage of a standardized cutoff in
diverse clinical environments. moreover, the inverse
courting among ONSD and Glasgow Coma Scale
(GCS) score in our examine aligns with prior studies
with the aid of Blaivas et al. and Soldatos et al.,
demonstrating a proportional growth in ONSD with
worsening neurological status. [19,20] This
association enhances the diagnostic price of ONSD
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useful adjunct to scientific scoring structures.

Our findings have important implications for
emergency medicine practice in resource-
constrained settings. The feasibility of bedside
ONSD measurement was underscored in our study,
where trained emergency physicians using portable
ultrasound devices could reliably predict intracranial
hypertension in minutes. As Tayal et al. and
Kimberly et al. previously noted, the utility of
ONSD measurement is especially beneficial when
CT imaging is delayed or unavailable, such as in
rural or peripheral centers. [21,22] Further
expanding on its  potential,  transorbital
ultrasonography has been explored beyond trauma,
including in ischemic stroke and meningitis, where
early detection of cerebral edema or raised ICP can
significantly impact management. [23] Skoloudik et
al. observed that optic nerve sheath expansion is a
direct consequence of rising cerebrospinal fluid
(CSF) pressure, adding anatomical credence to the
clinical findings. [24] These findings lend additional
validity to the physiological mechanism
underpinning our results.

Nonetheless, limitations of this study must be
acknowledged. First, the absence of invasive ICP
monitoring precluded a direct gold-standard
comparison. Instead, we relied on radiological
indicators on non-contrast CT, which, while well-
accepted, may not always capture subtle ICP
elevations. Second, although all operators
underwent standardized training and measurement
protocols, inter-operator variability remains a
concern in real-world application. This limitation
has also been highlighted in systematic reviews,
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including the one by Dubourg et al, who
emphasized the need for protocol-driven imaging to
minimize diagnostic inconsistencies. [25] Third, as
a single-center study, external validity across
broader healthcare systems, varying patient
demographics, and equipment types may be limited.

Lastly, ocular pathologies or orbital injuries were
excluded in our cohort, which may not reflect the
diversity of trauma patients encountered in actual
practice.

In conclusion, the present study demonstrates that
ONSD measurement via POCUS is a reliable, rapid,
and non-invasive diagnostic modality for the early
identification of elevated ICP in patients with head
injury. Its strong correlation with CT findings and
neurological status underscores its clinical
relevance, especially in emergency departments
with limited neuroimaging access. Incorporating
ONSD into routine trauma evaluation protocols
could facilitate timely intervention, reduce
dependence on CT imaging, and ultimately improve
outcomes. Future multicenter studies integrating
functional outcomes and invasive ICP monitoring
are warranted to standardize cutoff thresholds,
address variability, and establish global practice
guidelines.
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