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Abstract. The timely diagnosis and treatment of elevated 
intracranial pressure (ICP) reduces morbidity rates and 
prevents mortality. The aim of the present systematic review 
and meta‑analysis was to determine the diagnostic accuracy 
of optic nerve sheath diameter (ONSD) vs. standard invasive 
ICP measurements in patients with traumatic brain injury 
(TBI). The PubMed, Embase, Web of Science and Cochrane 
Library databases were systematically searched for studies 
including adult patients with TBI with suspected elevated ICP, 
and the sonographic ONSD measurements were compared 
with those from a standard invasive method. The quality 
of the studies was assessed using the Quality Assessment 
of Diagnostic Accuracy Studies‑2 tool by two independent 
authors. A bivariate random effects model was used to 
summarize the pooled sensitivity, specificity and diagnostic 
odds ratio (DOR). A total of eight prospective studies with 
222 patients with TBI were included. The pooled sensitivity 
was 0.82 [95% confidence interval (CI), 0.75‑0.88], the speci‑
ficity was 0.82 (95% CI, 0.71‑0.90) and the DOR was 17.75 
(95% CI, 7.02‑44.83) with partial evidence of heterogeneity. 
The accuracy of the area under the summary ROC was 0.87. 
An ultrasound‑determined elevated ICP has reasonable 
performance indicators with high sensitivity and specificity 
in patients with TBI. As such, this method may be a useful 
complementary monitoring tool in acute care.

Introduction

The intracranial volume often increases following trauma 
owing to a hemorrhage, cerebral edema or hydrocephalus. 
This can lead to an injurious shift in the brain, termed hernia‑
tion (1). In addition, an increased volume within the rigid skull 
can elevate intracranial pressure (ICP), leading to compart‑
ment syndrome, which blocks or prevents blood flow to the 
brain (2). Brain ischemia can eventually lead to disability or 
mortality. Therefore, it is critical to dynamically monitor the 
changes in ICP (2).

Intracerebroventricular catheterization, intraparenchymal 
probing and lumbar puncture are considered the gold stan‑
dard protocols for the measurement of ICP. However, they 
are associated with various risks, including bleeding, infec‑
tion and malfunction, and are contraindicated in individuals 
requiring prolonged monitoring or having a predisposition to 
coagulation disorders or platelet disorders (3). Additionally, 
lumbar puncture is strongly discouraged in patients with brain 
herniation (4). This has prompted to the investigation of an 
appropriate ICP assessment method for bedside applications. 
Ultrasound has been used as a method for measuring the 
optic nerve sheath diameter (ONSD) owing to its portability, 
feasibility, safety, reproducibility and the lack of exposure to 
radiation hazards or well‑known side‑effects (5). The optic 
nerve is wrapped by a sheath, originating from the meninges 
and extending toward the orbit  (5). This communication 
permits cerebrospinal fluid (CSF) transfer and therefore, 
similar pressure changes between the intracranial and orbital 
subarachnoid spaces (6,7). Therefore, the ultrasound detection 
of a high ICP based on the ONSD is becoming increasingly 
popular in trauma, neurosurgery and emergency medicine, 
although it does not permit continuous measurement and 
priming (8).

Meta‑analysis studies on ultrasound measurements of 
the ONSD for the assessment of ICP have been previously 
published. However, there are limitations, including an 
increased heterogeneity or a limited number of included 
studies in the literature (9,10). This affects the accuracy of 
the ultrasound assessment of ICP. In the present systematic 
review and meta‑analysis, the accuracy of ultrasound for 
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measuring the ONSD and standard invasive methods for 
measuring the ICP in patients with traumatic brain injury 
(TBI) are discussed. The aim of the present meta‑analysis 
was to examine the accuracy of ONSD ultrasonography in 
the diagnosis of ICP.

Materials and methods

Literature search. The PubMed, Embase, Web of Science and 
Cochrane Library databases were systematically searched 
from database inception to November, 2022 to identify relevant 
articles using the following search terms: ‘Optic nerve’, ‘optic 
nerve sheath’, ‘optic nerve sheath diameter’, ‘ONSD’, ‘ultra‑
sound’, ‘ultrasonography’, ‘sonography’, ‘intracranial pressure’, 
‘raised intracranial pressure’, ‘high intracranial pressure’, 
‘ICP’, ‘high ICP’ and ‘raised ICP’ (the search strategy used 
herein is presented in the file entitled Data S1). The present 
meta‑analysis was performed in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta‑Analyses 
(PRISMA) statement (11).

Study selection criteria. The included studies assessed adult 
patients with TBI who underwent an ultrasound for the 
measurement of ONSD and invasive intracranial monitoring 
for the measurement of ICP, without restrictions in language 
or year of publication. The exclusion criteria were the 
following: i) Studies that included patients aged <18 years; 
ii)  case reports, reviews and meta‑analyses; iii)  studies 
that included pediatric patients or animals; iv)  studies 
that included non‑TBI patients; and v) studies that did not 
contain sufficient information (in the supplementary mate‑
rial and/or original article) to construe the 2x2 contingency 
table (true positive, true negative, false positive and false 
negative results). If it was not possible to build a table based 
on the existing published data, the corresponding author was 
contacted to clarify the issue. If no response was obtained, 
the study was excluded from the primary outcome analysis. 
Any disagreements regarding the included specific studies 
were solved by reaching a consensus amongst all the authors 
involved in the study.

Data abstraction and quality assessment. From each study, 
baseline characteristics were extracted, including the year of 
publication, author list, study design, country, sample size, 
diagnosis, invasive ICP measurement methods, high ICP 
thresholds, and the specificity and sensitivity of index tests. 
Invasive intracranial monitoring is the gold standard for 
measuring ICP (3). One investigator extracted the data, while 
another independently verified the data to construct a 2x2 
contingency table. The two investigators extracted the data 
from the original study, and any disagreements were resolved 
through consultation with a third independent author. The 
methodological quality of the studies was assessed using 
the Quality Assessment of Diagnostic Accuracy Studies‑2 
(QUADAS‑2) tool. Of note, two authors performed the 
quality assessments, and disagreements were resolved by 
consensus in the presence of a third author. An assessment 
of reporting bias was attempted using funnel plots (data not 
shown); however, this did not proceed due to the lack of 
relevant studies.

Quantitative data synthesis. Data synthesis was performed 
using the methods recommended in the Cochrane Handbook 
for Systematic Reviews of Diagnostic Test Accuracy. A 
bivariate random effects model was used to analyze and 
pool the statistics of the diagnostic tests (sensitivity, speci‑
ficity, positive likelihood ratio, negative likelihood ratio and 
diagnostic odds of ultrasound). A diagnostic test statistic 
in the present study referred to the ability of ultrasound to 
detect high ICP. Heterogeneity was assessed using the I2 
statistics. Values of P<0.05 or I2>50% indicated significant 
heterogeneity. Hierarchical summary receiver operating 
characteristics (SROC) analysis was performed, and an area 
under the curve of >0.9 was considered highly accurate in 
assessing the summary accuracy of ultrasound. All analyses 
were performed using Review Manager 5.3 or Meta‑DiSc 
software 1.4 (12).

Results

Search results and study characteristics. The flow diagram 
presented in Fig.  1 provides a summary of the PRISMA 
format of the literature search (13‑20). A total of 1,582 studies 
were identified during the preliminary search. Following the 
removal of 955 duplicates, the abstracts of the 627 remaining 
studies were evaluated by two separate authors. The full text 
of 92 articles was reviewed based on the eligibility criteria, 
and 84 articles were rejected based on the exclusion criteria. 
Ultimately, eight studies with 222 patients with TBI were 
included.

Characteristics of the included studies. The characteristics 
of the eight included studies  (13‑20) are summarized in 
Table I. The studies were performed between 2007 and 2020, 
and included 10‑49 patients. These studies included in the 
primary outcome analysis presented with threshold values of 
ONSD ranging from 5‑6.4 mm, indicating an elevated ICP 
ranging from 5.0‑6.4 mm. In all the studies analyzed, invasive 
ICP monitoring was used, including brain parenchyma and 
ventricles.

Quality assessment. Quality assessment analysis of all the 
included studies was performed using the QUADAS‑2 tool 
(Table II). No studies exhibited any risk of bias or applica‑
bility areas. Of note, one study was considered to be of low 
quality, since five unclear concerns were documented (20). 
The quality assessment of the included studies is presented 
in Figs. 2 and 3.

Quantitative data synthesis results. The pooled sensitivity 
and specificity for increased ICP detected by ultrasound were 
0.82 [95% confidence interval (CI), 0.75‑0.88] and 0.82 (95% 
CI, 0.71‑0.90), respectively (Figs. 4 and 5). Furthermore, the 
diagnostic odds ratio (DOR) for ultrasound was 17.75 (95% CI: 
7.02‑44.83; Fig. 6). The area under the SROC curve analysis 
revealed an appropriate accuracy of 0.87 (Fig. 7).

Discussion

The present systematic review and meta‑analysis of 
222  patients with TBI revealed that ultrasonography 
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performed well in detecting an increased ICP, with an 
overall pooled sensitivity of 0.82 (95% CI: 0.75‑0.88) and 
a specificity of 0.82 (95% CI: 0.71‑0.90). The DOR of 
ultrasonography was 17.75, indicating that the odds of a 
positive test in patients with an elevated ICP are >17‑fold 
higher compared with those of a negative test in patients 
with normal ICP. The area under the SROC curve, which 
was based on predefined criteria, was relatively high (0.87). 
The present study confirms the effectiveness of ultrasound 
as a complementary method to assess the ICP in patients 
with TBI. Moreover, these results are notable, as invasive 
ICP monitoring is associated with various risks, including 
bleeding, infection and malfunction, and are contraindi‑
cated in individuals who require prolonged monitoring or 
have a predisposition to coagulation disorders or platelet 
disorders (3).

Aletreby et al (9) reported high sensitivity and speci‑
ficity of the ONSD method (0.90 and 0.85, respectively), 
which were higher than the results of the present study. Due 
to the inclusion of various diagnoses, the data in the study 
by Aletreby  et  al  (9) are heterogeneous both clinically 
and epidemiologically. Lee et al  (10) reported the sensi‑
tivity and specificity of the ONSD method (0.91 and 0.77, 

Figure 1. PRISMA flow chart of the literature search and selection of studies that reported accuracy of optic nerve sheath diameter for confirmation of a raised 
intracranial pressure in patients with traumatic brain injury. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta‑Analyses.

Figure 2. Risk of bias and applicability concerns summary. Evaluation by the 
authors regarding each domain for each one of the included studies.
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Table II. Quality assessment of the included studies using QUADAS‑2 tool.

	 Risk of bias	 Applicability concerns
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
First author/s,	 Patient	 Index	 Reference	 Flow	 Patient	 Index	 Reference
Year of publication	 selection	 test	 standard	 timing	 selection	 test	 standard	 (Refs.)

Geeraerts et al, 2007	 Low	 Low	 Low	 Low	 Low	 Low	 Low	 (15)
Maissan et al, 2015	 Low	 Low	 Low	 Low	 Low	 Low	 Low	 (16)
Soldatos et al, 2008	 Low	 Low	 Low	 Low	 Low	 Low	 Low	 (17)
Soliman et al, 2018	 Low	 Low	 Low	 Low	 Low	 Low	 Low	 (18)
Strumwasser et al, 2011	 Low	 Low	 Low	 Low	 Low	 Low	 Low	 (19)
Širanović et al, 2011	 Unclear	 Unclear	 Low	 Unclear	 Unclear	 Unclear	 Low	 (20)
Du et al, 2020	 Low	 Low	 Low	 Low	 Low	 Low	 Low	 (13)
Altayar et al, 2021	 Low	 Low	 Low	 Low	 Low	 Low	 Low	 (14)

Figure 3. Graph of risk of bias and applicability concerns: Evaluation by the authors regarding each domain are presented as percentages across the included 
studies.

Figure 4. Forest plots of the sensitivity of ultrasonography for a raised intracranial pressure.

Figure 5. Forest plots of the specificity of ultrasonography for a raised intracranial pressure.
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respectively). However, the number of studies included 
was relatively small and included studies on the computed 
tomography measurement of optic nerve sheath diam‑
eter (10). In another review study it was revealed that the 
combined area under the ROC curve of ONSD ultrasound 
was 0.94 (0.91‑0.96) (6). The present systematic review and 
meta‑analysis revealed that ultrasonography performed 
well in confirming an elevated ICP, with an overall pooled 
sensitivity of 0.82 and an overall pooled specificity of 

0.82. Robba et al (21) reported the pooled DOR for ONSD 
from the bivariate diagnostic random‑effects model return 
was 67.5 (95% CI 29‑135), and the area under the HSROC 
curve was 0.938, while the partial AUC was 0.916. This 
finding is in accord with the results of previously published 
studies  (6,21). The conclusions of these studies demon‑
strated that ONSD can accurately predict ICP despite the 
lack of consensus on ONSD thresholds and operator‑depen‑
dent issues.

Figure 6. Forest plots of the diagnostic odds ratio of ultrasonography for a raised intracranial pressure.

Figure 7. Summary plots of five studies investigating the diagnostic ability of ultrasonography to detect a raised intracranial pressure. SROC, summary receiver 
operating characteristics.
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The results of the present study revealed a high sensitivity 
and specificity of ONSD in predicting intracranial hyperten‑
sion. However, the thresholds for ONSD were inconsistent, 
ranging from 5.0‑6.4 mm. The results of the meta‑analysis 
by Montorfano et al (22) revealed a mean ONSD of 5.82 mm 
(95% CI 5.58‑6.06 mm) in patients with an increased ICP. 
The observed differences may be attributed to differences 
in the etiology of intracranial hypertension, the clinical 
setting in which the ONSD was measured, and the criteria 
used to diagnose intracranial hypertension. Experts suggest 
following the ONSD trend of the same patient over time, 
rather than a fixed threshold; this is crucial, considering the 
variability of ONSD described and the different thresholds 
under pathological conditions (23). However, in order for 
it to be useful at the bedside, it is necessary to define a 
percentage change or threshold (24). The ONSD does not 
shrink immediately following a marked increase in ICP, 
since an enlarged ONSD requires drainage of CSF from the 
intracranial compartment, which does not occur immedi‑
ately in all cases. Thus, this makes the assessment of trends 
problematic. Future studies are thus required to focus on 
both defined thresholds and the behavior of the ONSD with 
increased ICP.

In recent years, the use of ultrasound has markedly 
increased due to various factors, including technological 
advances, a minimally invasive nature, affordability and 
the ease of use (25,26). The use of optic nerve ultrasound 
as an accurate, non‑invasive, safe, reproducible and 
cost‑effective ICP tool has recently been validated by the 
measurement of ONSD, thereby reducing the potentially 
deleterious consequences of invasive transcranial measure‑
ments  (14,27,28). Ultrasound of the optic nerve can be 
used to differentiate between both normal and elevated 
ICP and can be a useful screening tool in resource‑limited 
practices (29).

The present systematic review has several method‑
ological limitations. The total sample of patients with 
TBI was relatively small, with only eight studies with 
222  patients having been included in the analysis. All 
included studies used invasive ICP monitoring, possibly 
combined with debridement decompression. However, 
Gao et al (30) reported that the accuracy of invasive ICP 
monitoring after debridement decompression was low, 
which may have affected the accuracy of the present study. 
In addition, a standardized ONSD cut‑off value as a crite‑
rion for diagnosing an elevated ICP was not established, 
since different studies used various cut‑off points and 
ultrasound techniques. An ONSD detected by ultrasound 
does not accurately reflect the ICP values above or below 
the threshold of 20 cm H2O; however, the method can be 
used to monitor ICP trends and evaluate the response to 
therapeutic interventions.

In conclusion, based on the available evidence, ultrasound 
determined elevated ICP has reasonable performance indica‑
tors with high sensitivity and specificity in patients with TBI. 
This method is a useful complementary monitoring tool in 
acute care. The use of ultrasound to assess ICP in TBI is less 
risky, more cost‑effective and quicker than invasive methods, 
aiding towards more accurate clinical decision‑making, 
particularly in resource‑limited settings.
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