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Abstract

Aims: We evaluated the diagnostic performance of optic nerve sheath diameter (ONSD) for prediction of neurologic outcome in post-cardiac arrest

patients and relative prediction performance according to ONSD measurement modality.

Data sources: PubMed and EMBASE databases were searched for diagnostic accuracy studies that used ocular ultrasound or brain computed

tomography (CT) for prediction of neurologic outcome. Bivariate modelling and hierarchical-summary and receiver-operating-characteristic modelling

were performed to evaluate diagnostic performance. A pooled diagnostic odds ratio with a 95% confidence interval not including 1 was considered

informative. Subgroup analysis was performed according to the modality (ocular US vs. brain CT). Methodologic quality was assessed using the Quality

Assessment of Diagnostic Accuracy Studies�2 tool. We performed meta-regression analyses for heterogeneity exploration.

Results: Eight studies including 766 patients were included. For prediction of poor neurologic outcome, ONSD showed pooled sensitivity 0.41, pooled

specificity 0.99, and area under the receiver-operating-characteristic curve 0.86. According to the pooled diagnostic odds ratios, ONSD was informative

for prediction of neurologic outcome. In subgroup analysis, ONSD on ocular ultrasound showed significantly higher sensitivity and similar specificity than

that on brain CT. On meta-regression analysis, locale, time to examination after return of spontaneous circulation, cause of cardiac arrest, and reference

standard were sources of heterogeneity.

Conclusion: ONSD may be useful for predicting neurologic outcomes in post-cardiac arrest patients. Measuring the ONSD specifically using ocular

ultrasound, application in patients with cardiac-origin cardiac arrest, and using the Glasgow-Pittsburgh Cerebral Performance Categories for neurologic

outcome evaluation are recommended for more accurately predicting neurologic outcomes.
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Introduction

Hypoxic-ischemic is the most common cause of death after cardiac
arrest (CA). Some post-CA patients may have a good neurological
outcome with no need for aggressive interventions. In contrast,

avoiding aggressive interventions is economically and morally
advised in patients with poor neurological outcomes. Thus, prediction
of the neurological outcome in resuscitated post-CA patients is crucial.
However, this remains challenging.1,2
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Raised intracranial pressure (ICP) in post-CA patients is
associated with poor neurological outcomes.3–5 For this reason,
raised ICP can cause secondary ischemic injury by decreasing
cerebral blood flow, which would result in lessened cerebral oxygen
delivery.6,7 However, direct measurement of raised ICP requires an
invasive procedure which involves insertion of an ICP monitoring
catheter. Some findings in brain CT are traditionally used for indirectly
detecting raised ICP such as the presence of a midline shift of >5 mm
and basal cistern and sulcal effacement. None of these methods is
considered reliable in predicting raised ICP.8,9

We here introduce the measurement of optic nerve-sheath
diameter (ONSD) on brain computed tomography (CT) or ocular
ultrasonography (US) as an indirect measurement of raised ICP, and
demonstrate it to be a reliable and useful tool.3,10 Because the optic
nerve sheath connects to the dura mater that surrounds the brain and
cerebrospinal fluid (CSF), a fluid-filled cavity is present between the
optic nerve and the optic nerve sheath. Therefore, raised ICP will tend
to inflate the sheath, leading to increases in the ONSD.11,34,35

So far, a few published meta-analyses12–15 have demonstrated a
relationship between ONSD as seen with US and raised ICP;
however, these studies were not focused on post-CA patients and
evaluated only the relationship between ONSD and raised ICP. Thus,
they not only did not evaluate the relationship in post-CA patients, but
also did not evaluate the relationship between ONSD and neurologic
outcome. Therefore, the diagnostic performance of ONSD for
predicting neurologic outcome should be fully explored and presented
as high-level evidence through the quantitative synthesis of data from
existing studies. Additionally, the pooling of results will be interesting
because the published studies have used different modalities (ocular
US vs. brain CT) and cut-off values.

This systematic review and meta-analysis aimed to assess the
diagnostic performance of ONSD for predicting neurologic outcome in
post-CA patients.

Methods

This meta-analysis followed the revised guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses of
Diagnostic Accuracy Studies (PRISMA-DTA), statement.16

Data sources

The PubMed and EMBASE databases were searched up to November
1, 2018, to identify English-language studies on using ONSD to predict
neurologic outcomes in post-CA patients. The search terms “optic
nerve sheath diameter,” “arrest,” or “resuscitation” were combined with
“diagnosis,” or “prediction”. The full search strategy is described in
Supplemental Table 1. The bibliographies of the identified articles were
screened to identify additional relevant studies. Two investigators
screened the titles and abstracts for potential eligibility, and any
disagreements were resolved through discussion.

Study selection

We included studies that fulfilled the following criteria: (1) patients with
post-CA; (2) use of mean ONSD (average ONSD of left and right eyes)
on ocular US or brain CT as the index test; (3) use of the Glasgow-
Pittsburgh Cerebral Performance Categories (CPC), the Glasgow
Outcome Scale (GOS), or the modified Rankin Scale (MRS) at

discharge as the reference standard for neurologic outcome; (4)
availability of sufficient information to reconstruct 2 � 2 contingency
tables regarding sensitivity and specificity; and (5) original research
article as the publication type.

The exclusion criteria were as follows: (1)case report or case series;
(2) review articles,guidelines,consensus statements, letters, editorials,
clinical trials, or conference abstracts; (3) studies not pertaining to the
field of interest; (4) studies with insufficient information for reconstruct-
ing 2 � 2 contingency tables; and (5) not human study.

Quality assessment and data extraction

Two investigators independently extracted data on the patient and
study characteristics. The same investigators evaluated the
methodological quality using the Quality Assessment of Diagnostic
Accuracy Studies-2 tool.17 Any disagreements between the
reviewers were resolved through discussion. A standardized form
was used to extract data on (1) patient characteristics, including
patient number, origin of cardiac arrest, place of cardiac arrest,
mean age, age range, and sex; (2) study characteristics, including
study origin, publication year, study design, reference standard, and
blinding to reference standard; and (3) interpretative characteristics,
including modality, interpreter, ONSD measurement method, and
ONSD cut-off value.

We extracted the study outcomes to construct 2 � 2 tables (i.e.,
true-positive, true-negative, false-positive, and false-negative
results). We calculated the 2 � 2 tables using the Bayesian
method if only sensitivity and specificity were presented in an
eligible study. In evaluating the diagnostic performance of ONSD,
the result with the highest specificity was extracted. The
determination of cut-off values assumed 100% specificity for
prediction of poor neurological outcomes at discharge, to ensure
that all patients with minimal chances of favourable neurological
outcomes are identified.18,19

Data synthesis and analysis of the diagnostic performance

The patient demographic characteristics and extracted covariates
were summarized using standard descriptive statistics. The studies
were stratified using vertebral compression factor analysis where
available. Continuous variables were expressed as means and 95%
CIs, whereas categorical variables were expressed as frequencies or
percentages unless stated otherwise.

We used a bivariate, random-effects model for analyzing and pooling
the diagnostic performance measures (sensitivity and specificity) across
studies. To derive summary estimates of the diagnostic performance, we
plotted estimates of the observed sensitivities and specificities for each
test on forest plots and on hierarchical-summary ROC (HSROC) curves
derived from individual study results.20–22 These results were plotted
using HSROC curves with 95% CI and prediction regions. In addition,
pooled sensitivities, specificities, diagnostic odds ratios (DORs), areas
under the curve, and positive and negative likelihood ratios were
calculated. Features showing a pooled DOR with a 95% CI not including
1 were considered to be informative.

Heterogeneity was determined using Cochran’s Q test
(p < 0.05 indicated the presence of heterogeneity) and the I2 test (0–
40%,possibly no heterogeneity;30%–60%,moderate heterogeneity;50%–
90%, substantial heterogeneity; and 75%–100%, considerable heteroge-
neity).23 When heterogeneity was noted, it was analyzed according to a
“threshold effect” by visual assessment of the coupled forest plots of
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sensitivity and specificity. A meta-analysis of diagnostic test accuracy
studies was simultaneously used to evaluate pairs of outcomes (i.e.,
sensitivity and specificity).20–22 Sensitivity and specificity are commonly
inversely correlated and influenced by the threshold (cut-off) value. In
addition, Spearman’s correlation coefficient between the sensitivity and
false-positive rate was calculated to determine any threshold effect; a
coefficient >0.6 was considered to indicate a considerable threshold
effect.24 To test for publication bias, we omitted Deeks’ funnel plot25 of
individual studies according to the method of PRISMA-DTA.

Subgroup analysis

We additionally performed subgroup analysis in which we compared
the diagnostic performance of ONSD between determination by
ocular US and determination by brain CT.

Meta-regression analysis

Meta-regression analyses were performed to investigate the potential
causes of heterogeneity using several covariates, as follows: (1)
locale (South Korea vs. countries other than South Korea), (2) study
design (prospective vs. retrospective), (3) number of study centres
(multi-centre vs. single centre), (4) number of patients (�50 vs.<50),
(5) proportion of CAs of cardiac origin (�50% vs.<50%), (6) proportion
of cases with poor neurologic outcomes (�60% vs.<60%), (7) mean
time to examination after return of spontaneous circulation (ROSC)
(�6 h vs.>6 h), (8) reference standard (CPC vs. GOS), and (9) cut-off
value of the ONSD (�6 mm vs.<6 mm).

All statistical analyses were performed by the same author,
who had three years of experience in performing systematic
reviews and meta-analyses. The statistical analyses were
performed using the “midas’’ and “metandi” modules in STATA
software, version 10.0, and the “mada’’ package in R software
version 3.4.1. Results were considered statistically significant at a
p-value of < 0.05.

Results

Literature

Fig. 1shows a flow diagram summarizing the literature search.
During the initial search, 391 studies were identified. After removing
65 duplicates, we reviewed 326 titles and abstracts and excluded
317 studies for the following reasons: case reports, letters,
editorials, and conference abstracts (n = 109); review articles,
guidelines, and consensus statements (n = 58); not in the field of
interest (n = 131), and animal study (n = 19). After reviewing the full
text of nine eligible articles, we excluded one study for the following
reasons: study did not provide sufficient information for reconstruct-
ing a 2 � 2 contingency table.26 Ultimately, eight original research
articles,3,10,27–32 including a total of 766 post-CA patients, were
included in the meta-analysis.

Characteristics of the studies

The patient characteristics are summarized in Table 1. The number of
patients enrolled in the studies ranged from 17 to 329 (mean age, 51–
74.8 years). The proportion of CAs of cardiac origin was 36.1%–
91.8%. The studies and their interpretive characteristics are
summarized in Tables 2 and 3, respectively. All studies performed
consecutive recruitment with prospectively or retrospectively de-
signed participants. Three studies10,28,31 from eight journal articles
used ocular US and five3,27,29,30,32 used brain CT for evaluating
ONSD. Seven studies3,10,27–31 from eight journal articles measured
the ONSD at a position 3 mm behind the sclera and in one,32 location
was not reported. All studies used the average ONSD of the right and
left eyes for evaluating diagnostic performance. Seven studies3,10,27–
30,32 from eight articles used CPC and one31 used GOS for evaluation
of the neurologic outcome. No studies used MRS as the reference
standard for neurologic outcome.

Fig. 1 – Flow diagram showing the study selection process for the meta-analysis.
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Quality assessment

Fig. 2 shows the risk of bias and applicability concerns for the eight
included studies. Overall, no studies were found to be seriously flawed
according to the QUADAs-2 tool. All the studies satisfied �6 of the
7 items. Regarding patient selection, index test, and reference
standard domains, all studies were considered to have a low risk of
bias. Regarding the flow and timing domain, one study31 was
considered to have a risk of bias because the time to examination after
ROSC varied over a wide range (12–72 h) and one32 was considered
to have an unclear risk of bias because the time to examination after
ROSC was not reported. All studies exhibited low applicability to our

research question in the patient selection, index test, and reference
standard domains.

Diagnostic performance of ONSD for the
prediction of poor or good neurologic outcome

The pooled sensitivity and specificity were 0.41 (95% CI, 0.20–0.67)
and 0.99 (95% CI, 0.82–1.0), respectively. According to the pooled
DORs with 95% CIs, ONSD was informative for prediction of the
neurologic outcome (DOR, 83; 95% CI, 4–1525). The pooled positive
and negative likelihood ratios were 49.0 (95% CI, 2.4–958.9) and 0.59

Table 1 – The included patients’ demographic characteristics.

Author No. of
patients

Percentage of
cardiac origin
CA (%)

No. of good/poor
neurological
outcomes

Place of
cardiac
arrest

TTM ECMO Time to
examination
after ROSC (h)

Mean
age
(years)

Age
range
(years)

No. of
men/
women

Chae
et al.27

119 56.3 45/74 NR Yes No �6 53.5 18–75 73/46

Chelly
et al.28

36 36.1 19/17 OHCA, IHCA Yes No �24 58 45–69 25/11

Ertl
et al.10

49 91.8 24/25 NR Yes or no No �11 65 20–96 35/14

Hwan
Kimet al.3

91 38.5 23/68 NR Yes or no No �24 58.2 44–71 57/34

Lee
et al.29

329 61.7 99/230 OHCA Yes No �2 58.6 18–87 230/99

Ryu
et al.30

42 83.3 19/23 OHCA, IHCA Yes or no Yes �48 51 34–65 29/13

Ueda
et al.31

17 64.7 6/11 OHCA, IHCA Yes or no No 12-72 74.8 55–92 9/8

You
et al.32

83 36.1 28/55 NR Yes No NR 52 42–68 59/24

No., number; CA, cardiac arrest; TTM target temperature management; ECMO, extracorporeal membrane oxygenation, OHCA, out-of-hospital cardiac arrest;
IHCA in-hospital cardiac arrest; NR, not reported.

Table 2 – Characteristics of the included studies.

Author Year Locale Study period Study design Neurologic
outcome

Definition of
poor
neurologic
outcome

Blinding

Chae
et al.27

2016 South Korea October 2009–December 2013 Retrospective, consecutive, single-centre CPC CPC�3 Blinding

Chelly
et al.28

2016 France November 2011–September 2013 Prospective, consecutive, multi-centre CPC CPC 5 Blinding

Ertl
et al.10

2018 Germany September 2015-August 2017 Prospective, consecutive, multi-centre CPC CPC 5 Blinding

Hwan
Kim
et al.3

2014 South Korea November 2012–October 2013 Prospective, consecutive, single-centre CPC CPC�3 Blinding

Lee
et al.29

2018 South Korea November 2015–October 2016 Prospective, consecutive, multi-centre CPC CPC�3 Blinding

Ryu
et al.30

2017 South Korea February 2005–December 2015 Retrospective, consecutive, single-centre CPC CPC�3 Blinding

Ueda
et al.31

2015 Japan May 2013–
September 2014

Retrospective, consecutive, single-centre GOS GOS<4 Not reported

You
et al.32

2018 South Korea January 2014–January 2018 Retrospective, consecutive, single-centre CPC CPC�3 Blinding

CPC, Glasgow-Pittsburgh Cerebral Performance Categories; GOS, Glasgow Outcome Scale score.

62 R E S U S C I T A T I O N 1 3 8 ( 2 0 1 9 ) 5 9 – 6 7



(95% CI, 0.39–0.90), respectively. The Q test revealed significant
heterogeneity (Q = 55.364, p < 0.001). Sensitivity (I2 = 95.72%) and
specificity (I2 = 94.60%) indicated considerable heterogeneity. A
threshold effect was shown by visual analysis of the coupled forest
plot of sensitivity and specificity (Fig. 3) as well as a corresponding
correlation coefficient of 0.491 (95% CI, �0.295 to 0.815) between
sensitivity and the false-positive rate. The area under the HSROC
curve was 0.86 (95% CI, 0.83–0.89; Fig. 4).

Subgroup analysis: ocular US vs. Brain CT

For ocular US, the pooled sensitivity and specificity were 0.77 (95% CI,
0.53–1.00) and 0.98 (95% CI, 0.83–1.00), respectively. For brain CT,
the pooled sensitivity and specificity were 0.24 (95% CI, 0.07–0.41)

and 1.00 (95% CI, 0.98–1.00), respectively. The sensitivity was
significantly higher on brain CT than on ocular US (p < 0.01). The
specificity was not significantly higher on ocular US than on brain CT
(p = 0.80).

Meta-regression analysis results

The results of the meta-regression analyses (Table 4) showed that the
significant sources of heterogeneity in sensitivity were locale
(p = 0.01) and the time to examination after ROSC (p < 0.01), with
lower sensitivity reported in studies with South Korean patients and in
studies with short-term examination after ROSC (�6 h). The
significant sources of heterogeneity in specificity were cause of
cardiac arrest (p = 0.01) and reference standard (p < 0.01), with higher

Table 3 – Interpretative characteristics of the included studies.

Author Modality Interpreter ONSD
measurement

Mean ONSD for
good neurologic
outcome (mm)

Mean ONSD for
poor neurologic
outcome (mm)

ONSD
cut-off
value
(mm)

Chae
et al.27

CT Emergency physicians 3 mm behind the globe 5.6 5.8 7

Chelly
et al.28

US Intensive care unit physicians 3 mm behind the globe 6.5 7.2 6.7

Ertl
et al.10

US Neurologist 3 mm behind the globe 5.36 5.88 5.75

Hwan
Kim
et al.3

CT Emergency physicians 3 mm behind the globe 5.57 6.29 6.21

Lee
et al.29

CT Emergency physicians 3 mm behind the globe 5.61 5.69 6.9

Ryu
et al.30

CT Cardiologists 3 mm behind the globe 5.57 6.07 6.69

Ueda
et al.31

US Emergency physicians or internal medicine physicians 3 mm behind the globe 5 6.1 5.4

You
et al.32

CT Emergency physician Not reported 4.48 5.29 5.11

US, ultrasonography; CT, computed tomography; ONSD, optic nerve sheath diameter.

Fig. 2 – Grouped bar charts show the risk of bias (left) and the concerns re applicability (right) of the eight included
studies using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS)-2 domains.
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specificity reported in studies with a relatively high proportion (�50%)
of CAs of cardiac origin and having CPC as the reference standard,
than in studies with a relatively low proportion (<50%) of cardiac origin
and having GOS as the reference standard. Other factors, including
study design, number of study centres, total patient number,
proportion of patients with poor neurologic outcome, and cut-off
value of ONSD were not significantly different (sensitivity, p = 0.09–
0.61; specificity, p = 0.18–0.95)

Discussion

The present meta-analysis revealed ONSD to be useful for prediction of
the neurologic outcome in post-CA patients (sensitivity, 41%; specificity,
99%). In subgroup analysis, ONSD on ocular US (sensitivity, 77%;
specificity, 98%) showed significantly higher sensitivity and similar
specificity vs. that on brain CT (sensitivity, 24%; specificity, 100%).

The mechanism of the ONSD enlargement in raised ICP is well
known. The optic nerve and optic nerve sheath are cylindrical structures
that connect the eyeball to the cranium directly, running posterior-
centrally and relatively upward toward the optic chiasm. The optic nerve is
surrounded by the optic nerve sheath, which is filled with CSF and directly
communicates with the subarachnoid space. The ONSD reflects raised
ICP due to inflation of the optic nerve sheath with CSF.33,34

Our results may have important clinical implications because
critical care management of post-CA patients with good neurologic
outcome focuses on prevention and prompt treatment of secondary

insults.1,2 In post-CA patients, raised ICP is correlated with
neurological prognosis.35,36 The finding of an enlarged ONSD in
brain-injured patients is a predictor of raised ICP.37 It was directly
related to patients’ mortality, indicating a 2.0–22.7 fold increased
mortality vs. patients with a normal ONSD.38,39 Thus, detecting ONSD
enlargement as early as possible is crucial. It appears that ONSD
measurement from ocular US or brain CT is advantageous because it
provides a simple, effective, and real-time prediction method.

Our subgroup analysis revealed that ocular US was more useful than
brainCTforpredictionofneurologicoutcome.Wespeculate that the brain
CT was obtained parallel to the tuberculum sellae-occipital protuberance
line, not parallel to the optic nerve. Consequently, the brain CT might
demonstrate an oblique image rather than horizontal or it might not
visualize the whole optic nerve sheath. In contrast, the ocular US was
obtainedwith the imagingplaneperpendicular to theopticnerve; thus, the
ONSD might be more accurately determined with ocular US. We
recommend that ONSD be measured with ocular US to diagnose raised
ICP more accurately and thus better predict neurologic outcome.

Our meta-regression analysis revealed that the proportion of
cardiac-origin CAs and the reference standard were sources of
heterogeneity in terms of specificity. In particular, the pooled
specificity of the ONSD was higher in studies with a relatively high
proportion of cardiac-origin CAs and a CPC reference vs. those with a
relatively low proportion of cardiac-origin CAs and a GOS reference.
Therefore, for best specificity of the ONSD in predicting the neurologic
outcome, patients with cardiac-origin CAs and use of CPC as the
evaluation method for neurologic outcome are preferred.

Fig. 3 – Coupled forest plots of pooled sensitivity and specificity of the optic nerve sheath diameter (ONSD)
measurement for predicting poor or good outcomes in patients with post-cardiac arrest (CA). Dots in squares
represent sensitivity and specificity. Horizontal lines represent the 95% confidence interval (CI) for each included
study. The combined estimate (“Combined”) is based on the random-effects model and is indicated using diamonds.
Corresponding heterogeneities (I2) with 95% CIs are provided in the bottom right corners: I2= 100% � (Q–df)/Q, where Q
is Cochran’s heterogeneity statistic and df is the degrees of freedom.
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The proposed cut off ONSDs for prediction showed variation. Most
studies (n = 7) used 5.4 mm or more for differentiating poor from good
neurologicoutcomes. It iscertainthatONSD<5 mmindicatesnosignificant
enlargement of the ONSD and predicts a good neurologic outcome. Since
we did not have the raw data from the studies, a single cut-off value for the
ONSD could not be calculated based on this meta-analysis.

Four previous meta-analyses12–15 have evaluated the diagnostic
performance of ONSD for raised ICP, although those studies had
several limitations. First, they only included acute neurological patients
such as those with spontaneous haemorrhage, stroke, or tumour. From
prognosis to treatment plan, patients with acute neurological disease
are different from post-CA patients; thus, acute neurological patients
must be considered a different category. Second, these authors
evaluated only the usefulness of the sonographic ONSD, not of
measurements by brain CT. Also, we find no investigation comparing
the diagnostic performance of the ONSD between the ocular US and
brain CT measurement methods. Third, the authors did not perform a
thorough analysis of the potential sources of heterogeneity, not
distinguishing between sensitivity and specificity for the covariate
effects, which precluded any recommendations regarding methods to
increase the diagnostic performance of ONSD. Finally, two of them12,13

did not use a hierarchical model (e.g., the bivariate or HSROC model),
which are recommended statistical tools for the meta-analysis of
studies regarding diagnostic accuracy.20,21

The present study has several limitations. The first is the
relatively small number of included studies. Nevertheless, we were
able to draw several important conclusions regarding the diagnostic
performance of ONSD and related factors (modality), which we
believe provide a useful overview because we used broad search
terms and only included easily accessible studies (i.e., published in
English and available in the PubMed and EMBASE databases). The
second limitation is that almost all the included studies revealed
positive results, and that fact could be attributed to publication bias,
which is impossible to quantify. Although we omitted Deeks’ funnel
plots according to the PRISMA-DTA guidelines, we observed a low
probability of publication bias (p = 0.48), which suggests that this
factor did not undermine our results. The third limitation is the
presence of methodological differences among the included
studies; extensive meta-regression analysis revealed that these
variables were significant sources of heterogeneity. This methodo-
logical diversity could have affected the pooled estimates,
especially since the effect of patient management such as target
temperature management and extracorporeal membrane oxygen-
ation were not assessed in the meta-regression analysis due to a
computational failure in the STATA program. Moreover, not all
technical parameters were assessed here because not all studies
reported values for gain, dynamic range, ocular-US mechanical
index, kVP, mAs, and brain-CT slice thickness. Further prospective

Fig. 4 – Hierarchical-summary, receiver operating characteristic curve of the diagnostic performance of ONSD
measurement for predicting poor or good neurologic outcomes in patients with post-CA. The summary point (red box)
indicates that the summary sensitivity was 0.41 and the summary specificity was 0.99. The 95% confidence region
represents the 95% CIs of summary sensitivity and specificity, and the 95% prediction region represents the 95% CIs of
sensitivity and specificity for each included study. The study estimates indicate the sensitivity and specificity estimated
using the data from each study. The size of the marker is scaled according to the total number of patients in each study (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article).
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studies with larger sample sizes and standardization of patient
management are needed to establish the optimal parameters and
cut-off value for ONSD.

Conclusion

The present meta-analysis revealed that ONSD may be a useful
method for predicting neurologic outcomes in post-CA patients. For
increased accuracy, measurement of the ONSD should be by ocular
US, the method should be confined to patients with cardiac-origin CA,
and CPC should be used for neurologic outcome evaluation. These
rules will lead to more accurate differentiation of good and poor
neurologic outcomes.
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Table 4 – Meta-regression analyses for potential sources of heterogeneity.

Covariate No. of studies Sensitivity (95% CI) p-Value Specificity (95% CI) p-Value

Locale 0.01 0.46
South Korea 5 0.24 [0.07– 0.41] 1.00 [0.98–1.00]
Countries other than South Korea 3 0.77 [0.53–1.00] 0.96 [0.83–1.00]

Study design 0.37 0.72
Prospective 4 0.52 [0.16–0.87] 1.00 [0.98–1.00]
Retrospective 4 0.30 [0.10–0.60] 0.97 [0.89–1.00]

No. of study center 0.61 0.90
Multi-centre 3 0.50 [0.07–0.93] 1.00 [0.98–1.00]
Single-centre 5 0.36 [0.06–0.67] 0.99 [0.93–1.00]

No. of patients 0.09 0.60
�50 4 0.25 [0.02–0.48] 1.00 [0.98–1.00]
<50 4 0.63 [0.32–0.94] 0.99 [0.94–1.00]

Proportion of cardiac origin cardiac arrest 0.10 0.01

�50% 8 0.28 [0.05–0.50] 1.00 [0.99–1.00]
<50% 4 0.65 [0.32–0.98] 0.93 [0.76–1.00]

Proportion of poor neurologic outcomes 0.27 0.95
�60% 5 0.32 [0.05–0.59] 0.99 [0.95–1.00]
<60% 3 0.59 [0.19–0.98] 0.99 [0.97–1.00]

Time to examination after ROSC <0.01 0.94
�6 h 2 0.07 [0.00–0.15] 1.00 [1.00–1.00]
> 6 h 5 0.61 [0.44–0.78] 0.99 [0.95–1.00]

Reference standard 0.23 0.01

CPC 7 0.37 [0.12–0.61] 0.99 [0.97–1.00]
GOS 1 0.74 [0.17–1.00] 0.87 [0.25–1.00]

Cut-off value of ONSD 0.11 0.18
�6 mm 5 0.28 [0.05–0.51] 1.00 [0.99–1.00]
<6 mm 3 0.65 [0.31–0.99] 0.96 [0.69–1.00]

Boldface type indicates statistical significance (p < 0.05). CI, confidence interval; No., number; ONSD, optic nerve sheath diameter; ROSC, return of spontaneous
circulation; CPC, Glasgow-Pittsburgh Cerebral Performance Categories; GOS, Glasgow Outcome Scale score.
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