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Background: Optic nerve sheath diameter (ONSD) is an emerging non-invasive, easily accessible,
and possibly useful measurement for evaluating changes in intracranial pressure (ICP). The utiliza-
tion of bedside ultrasonography (USG) to measure ONSD has garnered increased attention due to
its portability, real-time capability, and lack of ionizing radiation. The primary aim of the study was
to assess whether bedside USG-guided ONSD measurement can reliably predict increased ICP in
traumatic brain injury (TBI) patients.

Methods: A total of 95 patients admitted to the trauma intensive care unit was included in this
cross sectional study. Patient brain computed tomography (CT) scans and Glasgow Coma Scale
(GCS) scores were assessed at the time of admission. Bedside USG-guided binocular ONSD was
measured and the mean ONSD was noted. Microsoft Excel was used for statistical analysis.
Results: Patients with low GCS had higher mean ONSD values (6.4%1.0 mm). A highly significant
association was found among the GCS, CT results, and ONSD measurements (P<0.001). Compared
to CT scans, the bedside USG ONSD had 86.42% sensitivity and 64.29% specificity for detecting
elevated ICP. The positive predictive value of ONSD to identify elevated ICP was 93.33%, and its
negative predictive value was 45.00%. ONSD measurement accuracy was 83.16%.

Conclusions: Increased ICP can be accurately predicted by bedside USG measurement of ONSD
and can be a valuable adjunctive tool in the management of TBI patients.
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INTRODUCTION

Traumatic brain injury (TBI) is a formidable global health concern, contributing significant-
ly to mortality, morbidity, and long-term disability rates. The ability to assess intracranial
pressure (ICP) swiftly and accurately in TBI patients is pivotal in guiding timely interven-
tions to prevent secondary brain injury and to optimize patient outcomes. In this context,
measurement of the optic nerve sheath diameter (ONSD) is an emerging non-invasive, eas-
ily accessible, and possibly useful measurement for evaluating changes in ICP. The utiliza-

Original Article

Received: September 14, 2023
Revised: January 9, 2024
Accepted: January 11, 2024

Corresponding author

Sujit J. Kshirsagar

Department of Anesthesiology and
Critical Care, B. J. Government Medical
College and Sassoon General Hospital,
Jai Prakash Narayan Road, Railway
Station Rd, near Pune Railway Station,
Maharashtra 411001, Pune, India

Tel: +90-2217-7719

Email: bjsujit@gmail.com

© 2024 The Korean Society of Critical Care Medicine

This is an Open Access article distributed under
the terms of Creative Attributions Non-Com-
mercial License (https://creativecommons.org/
li-censes/by-nc/4.0/) which permits unrestricted
noncommercial use, distribution, and reproduc-
tion in any medium, provided the original work is
properly cited.

https://www.accjournal.org 155


https://doi.org/10.4266/acc.2023.01172
http://crossmark.crossref.org/dialog/?doi=10.4266/acc.2023.01172&domain=pdf&date_stamp=2024-02-28

Kshirsagar SJ, etal. ONSD and intracranial pressure

tion of bedside ultrasonography (USG) to measure ONSD has
garnered increased attention due to its portability, real-time
capability, and absence of ionizing radiation [1-7].

The optic nerve, extending from the retina to the optic chi-
asma, is encompassed by cerebrospinal fluid within the sub-
arachnoid space. The optic nerve sheath becomes distended
as a result of increased ICP, a defining feature of TBI, which in-
creases the pressure conveyed to the subarachnoid region. This
distension is reflected in an enlarged ONSD, indicating it as a
potential indicator of ICP changes. Non-invasive imaging and
measurement of the optic nerve sheath using high-frequency
ultrasound probes are important components of bedside USG
examination of ONSD. The simplicity, safety, and ability to per-
form repeated measurements render this technique particular-
ly attractive for real-time monitoring of ICP trends.

In the present study, we aimed to assess the clinical utility,
accuracy, and limitations of ONSD measurements as a surro-
gate marker for ICP changes. Also, we assessed the potential
of ONSD measurements to serve as an early indicator of el-
evated ICP, facilitating prompt clinical decision-making and
optimizing patient care strategies.

MATERIALS AND METHODS

Aims and Objectives

The primary aim of the study was to assess whether USG-guid-
ed ONSD can reliably predict increased ICP in TBI patients.
The secondary objective was to assess the relationship between
USG-guided ONSD with the Glasgow Coma Scale (GCS).

Study Design

This cross-sectional study included a total of 95 patients hos-
pitalized in an intensive care unit (ICU). This study was ap-
proved by the Institutional Ethics Committee of B. J. Govern-
ment Medical College and Sassoon General Hospital, Pune,
India (BJGMC/IEC/Pharmac/ND-Dept. 0822108-108 dated
8-08-2022), and written informed consent was obtained from
all patients for use and publication of data. The study was reg-
istered with the Clinical Trials Registry-India registry (CTRI
trial no. CTRI/2022/08/044907 dated 25/08/2022).

Inclusion and Exclusion Criteria

Patients aged between the ages of 18 and 65 years with TBI
admitted to the trauma ICU were included in the study.
Patients with major eye injuries, glaucoma history, or optic
nerve abnormalities were excluded from the study (Figure 1).
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KEY MESSAGES

= Bedside ultrasonographic measurement of the optic
nerve sheath diameter (ONSD) holds promise as an
additional valuable tool for managing traumatic brain
injury (TBI) patients.

= The establishment of standardized protocols and meth-
odologies for ONSD measurement is crucial as ongoing
research seeks to better understand the relationship
between ONSD and intracranial pressure (ICP).

= This review provides a comprehensive analysis of ex-
isting evidence, emphasizing the potential benefits and
challenges associated with using ONSD as a surrogate
marker for ICP in the context of TBI, contributing to the
ongoing discourse in this field.

Sample Size Calculation
The sample size was calculated by assuming the mean ONSD

in increased ICP patients as 5.6+0.3 mm, at a statistical power
of 0.90 (alpha=0.05) [8], leading to an estimated sample size of
95 subjects.

Methodology
After Institutional Ethics Committee approval, 95 patients

admitted with head injury to the trauma ICU were selected
for study. Patients were evaluated, computed tomography
(CT) brain scans were conducted immediately after presen-
tation, and casualty was noted. GCS (Table 1) was assessed
at the time of admission and daily. When the patient was ad-
mitted, an ultrasonic probe with a linear frequency range of
6-13 MHz was used to measure the ONSD. All examinations

were conducted in the supine position. The upper eyelid was

120 Patients admitted in intensive care unit
were assessed for inclusion in the study

20 Patients were excluded as perexclusion criteria

100 Patients met inclusion criteria in the study

l

95 Patients were included in final study

Figure 1. Flowchart of the study.
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closed and covered with conductive ultrasonic gel without ap-
plying any pressure. The probe was positioned on the lateral
and superior sides of the orbit in accordance with a specified
procedure [9]. The optic nerve was perceived as an elongated,
hypoechoic structure with definite boundaries posterior to
the globe. Three millimeters beyond the retina, the transverse
ONSD was measured and reported. According to earlier re-
search, a binocular ONSD greater than 5.0 mm was regarded
as elevated [1-7]. To reduce intraobserver variability, the in-
vestigator performed three ONSD measurements in both the
left and right eyes, and the mean of these measurements was
calculated. Age, sex, clinical diagnosis, GCS, hemodynamic
parameters, mechanical breathing, and comorbidities were
other noted factors. Data were analyzed to determine the
associations between variables and ONSD. Duration of the
study was three months from August 2022 to October 2022.

Table 1. Glasgow Coma Scale

Component assessed Score
Spontaneous eye opening
Opens eyes to verbal command
Opens eyes to pain stimulus
No eye opening

Obeys commands

Localizes pain

Withdraws from pain

Flexor response to pain
Extensor response to pain

No motor response

Oriented

Confused

~

Eye response

Motor response

Verbal response

Inappropriate words
Incomprehensible sounds
No verbal response

O = N W PO = NN W 0= NN W

—_

Total score

Table 2. Patient age distribution with mean ONSD values

T

Statistical Analysis

Microsoft Excel (ver. MSO Professional Plus 2016) was used for
analysis. When appropriate, data are expressed as the mean SD
or as a count and percentage (%). To determine the significance
of differences between groups, the unpaired Student t-test, chi-
square test, or Fisher's exact test was used. Significant results
were those with a two-sided P-value <0.05. For all statistical
studies, IBM SPSS software (ver. 20, IBM Corp.) was utilized.

RESULTS

Ninety-five individuals admitted to the trauma ICU with TBI
were assessed. The mean age distribution was 43+11 years
(Table 2). The minimum and maximum ages were 22 and 65
years, respectively. The majority of patients (31 total) was be-
tween the ages of 40 and 50 years. Of the 95 patients, 65 (68%)
were male and 30 (31%) were female. The mean ONSD in
males was 6.2+1.1 mm and 6.1+1.2 mm in females. The differ-
ences in ONSD based on age and gender were not significant
(Table 3). Increased ONSD was seen in 75 patients (79%).
The mean ONSD in increased ONSD patients was 6.5+0.7
mm and was 4.6+0.2 mm in patients with normal ONSD. The
maximum ONSD value was 8.4 mm, and the lowest ONSD
was 4 mm.

All patients included in the study had TBI and were evaluat-
ed by CT scan. Many patients (n=88, 92%) had multiple brain
injuries in the form of extradural hemorrhage, subdural hem-
orrhage, subarachnoid hemorrhage, hemorrhagic contusion,
and/or skull bone fractures. Isolated extradural hemorrhage
or subdural hemorrhage was seen in only seven patients (7%).

In the present study, patients with a low GCS (2-8) (n=82,
86%) had higher mean ONSD (6.4+1.0 mm), and patients with
moderate GCS (9-12) (n=13,13%) had lower mean ONSD
(4.7£0.4 mm). Table 3 shows a highly significant correlation
between GCS and ONSD measurements (<0.001). In the pres-

Age (y1) ONSD 25.0 mm _ Eye ONSD of both eyes P_yalue
Yes No Right (mm) Left (mm) (mm)

20-30 (n=13) 12 1 6.7+1.4 5.9+0.7 6.3+1.2 0.842

30-40 (n=25) 22 3 6.4+1.2 6.0+0.9 6.2+1.1

40-50 (n=31) 25 6 6.5+1.3 5.8+0.8 6.2+1.1

50-60 (n=18) 16 2 6.3+1.3 59+1.0 6.1£1.1

>60 (n=8) 7 1 5.6+0.8 5.4+0.6 5.5+0.7

Values are presented as meantstandard deviation.
ONSD: optic nerve sheath diameter.
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ent study, 83 patients (87%) were on ventilator support and 12
(12%) were on spontaneous ventilation during examination of
ONSD. The difference was not significant (Table 3).

On radiological CT examination, 81 patients (85%) had
increased ICP and 14 (14%) had normal ICP as assessed by ra-
diologists. Of 81 patients, 70 (86%) had ONSD values of great-
er than 5.0 mm and 11 (13%) had ONSD values of less than 5.0
mm. Of 14 patients with normal ICP, five (35%) had ONSD val-
ues of greater than 5.0 mm and nine (64%) had ONSD values
of less than 5.0 mm, showing statistical significance (P<0.001)
(Table 3).

The area under the curve (AUC) for the mean ONSD was
0.754, indicating good discrimination between true and false
positives. This receiver operating characteristic (ROC) curve
exhibited a notable capacity to differentiate effectively be-
tween normal and elevated ICP (Table 4, Figure 2). Sensitivity
of the bedside USG measurement ONSD to detect increase
ICP was 86.42% and specificity was 64.29% compared with
results from CT scans. The positive predictive value of ONSD
measurement to detect increased ICP was 93.33% and the
negative predictive value was 45.00%. Accuracy of ONSD
measurement was calculated as 83.16%.

DISCUSSION

Recent years have witnessed a surge in research exploring

Table 3. Patient characteristics including sex distribution, GCS, CT scan
findings, and ventilator support requirement

ONSD
Parameter P-value
>50mm <50mm Mean+SD
Sex 0.072
Male (n=65) 48 (73) 17 (26) 6.2+1.1
Female (n=30) 27 (90) 3(10) 6.1+1.2
GCS <0.001
Severe (2-8, n=82) 71(86) 11 (13) 6.4+1.0
Moderate (9-12,n=13) 4 (30) 9 (69) 47404
CT scan <0.001
Positive 70 (86) 11 (13) -
(raised ICP, n=81)
Normal 5(35) 9 (64) -
(normal ICP, n=14)
Ventilatory support <0.001
Yes (n=83) 72 (86) 11 (13) =
No (n=12) 3(25) 9 (75) -

Values are presented as number (%) unless otherwise indicated.
GCS: Glasgow Coma Scale; CT: computed tomography; ONSD: optic nerve
sheath diameter; SD: standard deviation; ICP: intracranial pressure.
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Table 4. Area under the curve

Asymptotic 95%
Area under Standard  Asymptotic con}/idepnce interval
the curve error significance
Lower bound Upper bound
0.754 0.080 0.003 0.597 0910
ROC curve
1.0+
0.8 1
> 0.6
=
2
v
Y 04+
0.2 1
0 T T T T 1
0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 2. Receiver operating characteristic (ROC) curve analysis of optic
nerve sheath diameter.

the association between ONSD and ICP, with a focus on its
potential role in predicting intracranial hypertension. Sev-
eral studies have suggested a correlation between ONSD
measurements and elevated ICP level, supporting the notion
that changes in ONSD may reflect changes in ICP [10,11].
However, discrepancies and methodological variations across
studies necessitate a critical analysis of the current evidence
base. The association between ONSD and ICP in TBI patients
is evaluated in the current study. The impact of factors of age,
gender, GCS, and the accuracy of USG measurements on
the reliability of ONSD as an ICP surrogate is also assessed.
Additionally, we discuss the potential integration of ONSD
measurements into existing clinical algorithms for TBI man-
agement.

In the present study, we found no significant correlation
between age and gender, similar to other studies [8,12]. Other
studies have shown that GCS has significant correlation with
ONSD, where they found that low GCS significantly correlates
with higher ONSD [8]. Similar results are seen in our study as
patients with low GCS had a mean ONSD of 6.4+1.0 mm, and
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patients with moderate GCS had an ONSD of 4.7+0.4 mm. The
low GCS of individuals with severe TBI, which are associated
with elevated ICPs, can be used to explain this finding.

We selected CT as our reference standard for assessing the
outcomes of ONSD since head CT scans are often utilized in
clinical practice to identify elevated ICP. In the present study,
CT scans showed increased ICP in 81 patients and increased
ONSD in 70 patients. This shows that ONSD and CT scan find-
ings had a significant correlation. Similar findings were seen
in other studies [8].

Here, we observed that ONSD assessment with ultrasound
has good sensitivity and specificity (86.42% and 64.29%, re-
spectively), with a 93.33% positive predictive value to identi-
fy increased ICP at an accuracy of 83.16%. Compared to CT
scans, Kaur et al. [8] found a correlation between ONSD and
ICP using ONSD assessment to detect elevated ICP in neu-
rological trauma patients, with a sensitivity and specificity of
93.2% and 91.1%, respectively. The ONSD test had an accu-
racy of 92% and a positive predictive value to detect elevated
ICP of 89.1% and a negative predictive value of 94.4%. Other
studies have found a range of sensitivity for ONSD from
88% to 100% with a specificity range between 63% to 95%
[7,13,14]. These investigations further showed the strong
correlation between an ONSD of 5.0 mm and an ICP greater
than 20 mm Hg. [7,13].

Systematic reviews and meta-analyses of the literature have
demonstrated that ONSD greater than 5.0 to 5.7 mm is associ-
ated with ICP greater than 20 mm Hg [4,15]. According to Raja-
jee etal. [16], the ideal ONSD for detection of ICP of 20 mm Hg
was 0.48 cm, with a sensitivity and specificity of 96% and 94%,
respectively. Kaur et al. [8] found an ONSD of 0.46 cm to have a
sensitivity of 95% and an ONSD of 0.52 cm to have a specificity
of 98% for the detection of increased ICP. Binocular ONSD >5.0
mm served as our reference standard, and ONSD >5.0 mm was
considered abnormal. With an AUC value of 0.754, the ROC for
the ONSD values demonstrated good separation between true
and false positives.

Although invasive methods are thought to be the best for
measuring ICP, they come with a high risk of infection and
bleeding, are difficult to use, and are extremely expensive,
especially affecting low- and middle-income countries [17].
Transporting critically ill ICU patients to radiology facilities
is frequently challenging and may even be life-threatening.
There have been reports of adverse event rates as high as 68%
and fatality rates as high as 2% for critically ill patients who are
transported between hospitals [18]. According to several stud-
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ies, only around half of patient treatment plans are changed
as a result of CT scans (39% to 68%) [19,20]. ONSD assess-
ment as a bedside procedure is non-invasive, portable, quick,
affordable, repeatable, effective, radiation-free, and does not
require a lot of training [17,21]. In a clinical situation when
there is uncertainty, ONSD enables quick triage and less inva-
sive examination of intracranial hypertension. Additionally, it
provides helpful details for planning definitive neurosurgical
treatment and for managing intracranial hypertension early.
ONSD responds to ICP instantly. The optic nerve sheath has
very little risk of plastic deformation or over-distention within
the effective range [22,23] and is a very helpful adjunct to oth-
er common diagnostic techniques [24]. Future work is need-
ed to establish consistent techniques and a range of normal
ONSD values [17].

High interobserver variability in assessments is a principal
drawback of this method but can be minimized with prac-
tice and training. Only CT scans were used to assess ICP and
no other invasive method was employed for comparison.
Bedside USG measurement of the ONSD shows potential as
a valuable additional tool in predicting increased ICP to aid
in the treatment of patients with TBI. As ongoing research
continues to refine our understanding of the relationship be-
tween ONSD and ICP, it is essential to establish standardized
protocols and methodologies for ONSD measurement. Here,
we offer a comprehensive synthesis of the existing evidence,
highlighting both the potential and the challenges in utilizing
ONSD as a surrogate marker for ICP in the context of TBI.
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