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Abstract

Background To consolidate current evidence on predictors of neurological outcome following extracorporeal car-
diopulmonary resuscitation (eCPR) in patients with cardiac arrest.

Methods We conducted a systematic review of the literature across databases including PubMed, MEDLINE, Embase,
CINAHL, the Cochrane Library, and Web of Science. Studies assessing neurological outcomes post-eCPR were identi-
fied, with a total of 10 studies eligible for individual assessment of which 8 comprising 4353 patients allowed to per-
form collective statistical analysis.

Results Favorable neurological outcomes were associated with age <65 years (OR=6.17), shockable rhythm at extra-
corporeal membrane oxygenation initiation (OR=6.67) or hospital arrival (OR=3.68), and initial pH>7.0 (OR=2.01).
Other factors involved the presence of any life sign (gasping, positive pupillary light reaction, or increased level

of consciousness before or throughout cardiopulmonary resuscitation) (OR=9.63; Se 0.89, Sp 0.46, PPV 0.22, NPV 0.96),
transient return of spontaneous circulation, non-hypoxic mechanism of occurred hepatitis, public location, and hypo-
thermic etiology of cardiac arrest; however, each of those findings was supported by only one study. Unfavorable
outcomes were linked to hypoxic brain injury on computed tomography (OR=12.40; Se 0.366, Sp 0.955, PPV 0.767,
NPV 0.787) and elevated serum creatinine (OR=2.22). The TiPS65 scale showed high predictive accuracy in two stud-
ies when the cut-off point was set at 4 points (88.4% and 88.6%; Se 0.172, Sp 0.971, PPV 0.423, and NPV 0.906, and Se
0.193, Sp 0.985, PPV 0.646, and NPV 0.896, respectively). Some predictors, like call-to-hospital time and bystander
cardiopulmonary resuscitation, had mixed results across studies.

Conclusion Neurological prognostication in eCPR patients is a complex problem requiring the consideration of mul-
tiple variables regarding patient’s and cardiac arrest characteristics. Future research should focus on the determination
of outcome-affecting factors and assessment of their applicability in clinical settings. New knowledge on this ground
will help to create recommendations for eCPR initiation and termination, consequently contributing to treatment
results improvement.

Trial registration PROSPERO CRD42024530305.
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Introduction

Extracorporeal membrane oxygenation (ECMO) is
a method of automated lung (veno-venous ECMO)
or both lung and heart (veno-arterial ECMO) func-
tion replacement. Its clinical deployment can be seen
in an almost tenfold increase in the number of proce-
dures with the use of ECMO between 2001 and 2021
[1]. The examples of diseases where ECMO constitutes
an acknowledged form of treatment are hypothermia,
acute respiratory distress syndrome, refractory cardio-
genic shock, heart failure, pulmonary embolism, intoxi-
cation (e.g., beta-blockers, calcium channel blockers),
and extracorporeal cardiopulmonary resuscitation
(eCPR). Research results of post-cardiac arrest mortal-
ity and neurological outcomes regarding conventional
cardiopulmonary resuscitation (CPR) and eCPR remain
ambiguous. Both out-of-hospital and in-hospital car-
diac arrest publications show no statistical differences
or superiority of eCPR over CPR [2-5]. These discrep-
ancies may be a reason for the short eCPR history in
clinical practice and consequently small study groups in
previous research. On the other hand, current literature
does not show data about the superiority of CPR. This
is an argument for further investigation of eCPR appli-
cation results [6]. Each CPR instance requires defining
start and end criteria due to potential harm in patients
unlikely to survive. In such cases, futile therapy dimin-
ishes the quality of life, prolongs suffering, fosters false
hope among families, and poses organizational and
economic challenges for healthcare systems. Therefore,
the European Resuscitation Council Guidelines 2021
highlight the importance of the aforementioned crite-
ria statement [7]. Additionally, eCPR underscores the
significance of cautious treatment cessation to mitigate
increased mortality and complications risk. Existing
research underscores the pivotal role of prognostication
advantages post-eCPR, particularly in determining sur-
vival with favorable neurological outcomes [8, 9]. The
articles published in recent years present the multidi-
rectional approach to this topic. They evaluate the cor-
relation between neurological outcome assessment and
factors such as data from medical history and physical
examination, laboratory test results, brain injury bio-
markers, imaging results, or scores obtained in already
validated diagnostic scales [10-13]. There are also sev-
eral studies proposing original scales for neurological
outcome prediction after employment of the Ecpr; nev-
ertheless, none of them is sufficiently explored to deter-
mine its clinical utility [14]. Parameters such as age and
shockable rhythm demonstrate particular usefulness as
prognostic factors due to their widespread and imme-
diate availability. Consequently, their potential for sup-
porting therapeutic decision-making in cases of cardiac
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arrest is significantly greater compared to laboratory or
diagnostic tests, which require additional organization,
staff support, and valuable time to obtain results.

A primary concern in the use of eCPR is its availabil-
ity. The procedure requires specialized equipment (extra-
corporeal membrane oxygenation, ECMO) and highly
trained medical staff, both of which are not uniformly
available across healthcare settings. ECMO systems are
most commonly found in large academic medical cent-
ers and specialized cardiac or intensive care units, but
their availability is far more limited in smaller hospitals,
rural settings, or low-resource environments. As a result,
patients in areas with less access to advanced medi-
cal technology and expertise may not be candidates for
eCPR, potentially limiting their chances for survival and
favorable neurological recovery following cardiac arrest.

Furthermore, the application of eCPR often requires a
well-coordinated, rapid response, involving specialized
teams and the transportation of patients to institutions
where ECMO services are available. This logistical chal-
lenge can lead to disparities in treatment access, particu-
larly for patients in more remote or underserved areas.
Disparities in healthcare access, particularly between
urban and rural populations, may contribute to inequities
in the outcomes of cardiac arrest treatment, including
eCPR. Patients from higher socioeconomic backgrounds
are more likely to be treated in well-resourced settings,
increasing the likelihood of receiving eCPR and poten-
tially improving their outcomes. Conversely, patients
from disadvantaged or marginalized communities may
face barriers such as financial constraints, lack of trans-
portation, or inadequate healthcare infrastructure, which
can significantly reduce their chances of receiving the
intervention.

In recent years, eCPR has been gaining popularity,
leading to a steady rise in the number of publications on
the topic, including those related to neurological out-
come prediction. The continuous growth of knowledge in
this area not only provides new information but also obli-
gates the revision of previous findings and the conclu-
sions drawn from them. This systematic review is aimed
at summarizing current knowledge on potential factors
utilized in predicting neurological outcomes after eCPR.
To the best of our knowledge, this is the only review
that excludes studies in which additional interventions
were applied that could influence the final neurological
outcome of patients, consequently preventing a reliable
comparison of results obtained by the same predictive
factors across different studies. We believe that the con-
clusions drawn from this study will support clinicians in
making therapeutic decisions for patients with cardiac
arrest and will indicate the direction for further research
on the identification of prognostic factors.
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Methods

This systematic review was conducted following the
Cochrane Handbook for Systematic Reviews of Inter-
ventions and reported following the guidelines of the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (Additional file 1)
[15, 16]. We registered the protocol in the International
Prospective Register of Systematic Reviews (PROS-
PERO registration number: CRD42024530305).

Criteria for considering studies for this review

Types of studies

The review considered both observational and experi-
mental study designs that provide relevant information
regarding the neurological outcomes of patients under-
going eCPR. Inclusion criteria for types of study were
observational studies such as cohort studies, case—con-
trol studies, and cross-sectional studies that investigate
neurological outcomes following eCPR; experimen-
tal studies including randomized controlled trials and
quasi-experimental studies assessing the neurological
outcomes of patients undergoing eCPR; and studies uti-
lizing prospective or retrospective designs. Exclusion
criteria for types of study were studies lacking informa-
tion on neurological outcomes following eCPR; studies
with inadequate study design or methodology to assess
neurological outcomes effectively; and studies not pro-
viding relevant data or outcomes related to eCPR or
neurological assessment, case reports, or case series
without broader generalizable findings. To address
potential overlap in study populations, studies with
overlapping datasets were carefully examined. When
multiple studies reported on the same cohort, prior-
ity was given to the study with the most comprehen-
sive data, the longest follow-up, or the largest sample
size. If different studies from the same dataset provided
unique or complementary analyses, they were included
with a careful notation of their overlap to avoid dupli-
cate patient contributions in pooled analyses.

Types of participants

The review considered studies involving adult patients
(both men and women, > 18 years old, and being part
of all ethnic groups), who have experienced either in-
hospital or out-of-hospital cardiac arrest of any etiol-
ogy and subsequently underwent eCPR. The ability to
predict neurological outcomes based on information
gathered from medical history, physical examination,
laboratory tests, and/or imaging studies also was evalu-
ated. Exclusion criteria for participants were studies
involving patients younger than 18 years of age and
studies incorporating concurrent use of additional
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treatment methods alongside eCPR, such as target tem-
perature management.

Types of interventions

The intervention of interest was eCPR, utilizing ECMO
to support lung and/or heart function during cardiac
arrest. Specifically, studies examining the neurological
outcomes of patients who have undergone eCPR were
included.

Types of outcome measures

The pre-specified main outcomes of the review primar-
ily focus on neurological status following eCPR and its
predictors. These outcomes were assessed using stand-
ardized neurological scales such as the Cerebral Perfor-
mance Category (CPC), modified Rankin Scale (mRS),
or Glasgow Outcome Scale (GOS). Additionally, factors
contributing to neurological outcome prediction were
examined.

The neurological status was measured and assessed at
specific time points post-eCPR, including hospital dis-
charge, 30 days post-resuscitation, or at longer-term
follow-up periods such as 90 days or 1 year post-resus-
citation. Assessment variables included neurological out-
come assessment using standardized scales (CPC, mRS,
GOS) and variables related to neurological outcome pre-
diction, such as factors examined (e.g., medical history,
physical examination, laboratory tests, imaging studies),
time of assessment, examiner, proportion of patients with
favorable and unfavorable outcomes, sensitivity, specific-
ity, positive predictive value (PPV), negative predictive
value (NPV), and cut-off points.

Search methods for identification of studies

Electronic search

The last electronic search was conducted in January
2024. In the searches, the following databases were
used: PubMed, MEDLINE, Embase, CINAHL Ultimate,
the Cochrane Library, and Web of Science. The search
included references that have been published till the end
of December 2023. Studies had to be published in Eng-
lish. A list of research terms used for the present review
is reported in Additional file 2.

Searching other resources

For non-indexed conference proceedings, the review
team searched relevant conference proceedings and web-
sites (e.g., Google Scholar). In addition, the review team
hand-searched bibliographies of relevant systematic
reviews, narrative reviews, and meta-analyses found, as
well as relevant citations in bibliographies of the articles
included in the review.
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Data collection and analysis

Selection of studies

The search resulted in 288 records after removing dupli-
cates. The references were imported into the Excel soft-
ware spreadsheet to conduct screening by titles and
abstracts. First, a random sample of 40 records was
independently double-screened by one of the authors
to assess inter-rater agreement. The inter-rater agree-
ment was assessed using Cohen’s K was satisfactory,
K=87.5%. Any conflicts and questions related to the eli-
gibility criteria were resolved by discussion with the co-
authors before proceeding with the screening. At this
stage, two different authors (one being the first author,
the rest being distributed among the remaining authors)
independently screened a random sample of 60% of the
records. The inter-rater agreement with Cohen’s K was
good (K=85%). Questions and conflicts were discussed
and resolved among the authors.

Data extraction and management

Any discrepancies between reviewers were resolved
through discussion or consultation with a third reviewer.
Data quality checks were conducted to ensure accuracy
and consistency in recording.

Data was extracted from included studies using a
standardized data extraction form. The following data
was extracted: author(s), year of publication, country, and
study design; inclusion and exclusion criteria; number of
patients included in the study; mean age of patients and
female-to-male ratio; characteristics of cardiac arrest
(location, shockable rhythm); key time intervals (mean
no-flow time, mean low-flow time, mean eCPR dura-
tion, mean hospital stay duration); outcome measures
(survival to eCPR withdrawal, 24-h survival rate, sur-
vival-to-discharge rate, 30-day survival rate, mean time
of follow-up); neurological outcome assessment details
(used scale, time of assessment, examiner, the proportion
of patients with favorable and unfavorable outcomes);
examined factors for neurological outcome prediction;
measures of effect (relative risks, odds ratios, risk differ-
ences, number needed to treat); and measures of accu-
racy (sensitivity, specificity, PPV, NPV).

Assessment of risk of bias in included studies

The risk of bias was assessed using the Risk Of Bias In
Non-randomized Studies of Interventions (ROBINS-
I) tool, which is specifically designed to evaluate bias in
non-randomized studies, including cohort studies, case—
control studies, and quasi-experimental designs. This
tool provides a structured framework for assessing bias
across seven key domains: confounding, selection of par-
ticipants, classification of interventions, deviations from
intended interventions, missing data, measurement of
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outcomes, and selection of reported results. Confound-
ing was evaluated to determine whether other variables
might have influenced the observed association between
the intervention and outcome. The selection of partici-
pants was assessed to ensure appropriate comparability
between groups. The classification of interventions was
examined to determine whether intervention classifica-
tion was accurate and free from misclassification bias.
Deviations from intended interventions were identified
to detect any systematic departures from the interven-
tion protocol that could introduce bias. The extent of
missing data was analyzed to assess its potential impact
on study results, whereas the measurement of outcomes
was evaluated for objectivity and reliability. The selection
of reported results was assessed to identify any evidence
of selective outcome reporting that might influence study
findings.

Each included study was systematically evaluated
across these domains, with an emphasis on identifying
potential sources of bias that could affect internal validity
and overall reliability. Bias assessments were conducted
independently by two reviewers to ensure a rigorous and
objective evaluation process. Any discrepancies in judg-
ment were resolved through discussion, and when neces-
sary, a third reviewer was consulted to reach a consensus.
The overall risk of bias for each study was determined
based on the cumulative impact of biases identified
across the domains, with studies categorized as having
low, moderate, serious, or critical risk of bias according to
ROBINS-I criteria. Several challenges were encountered
during the assessment process. One common difficulty
was distinguishing between confounding and selection
bias, particularly in observational studies where base-
line differences between intervention and control groups
were not always adequately accounted for. To address
this, we closely examined the statistical methods used
for confounder adjustment, giving preference to studies
employing propensity score matching, inverse probability
weighting, or multivariable regression models with com-
prehensive covariate adjustments. Another challenge was
the potential for misclassification bias, especially in stud-
ies relying on administrative databases or self-reported
measures. In such cases, we assessed whether the stud-
ies validated their exposure and outcome classifications
against objective clinical criteria or independent verifica-
tion methods.

The handling of missing data presented additional
complexity, as many studies lacked explicit descriptions
of how missing values were addressed. We classified
studies with high rates of missing data and inadequate
handling methods (e.g., complete case analysis with-
out justification) as having a higher risk of bias. When
studies employed appropriate imputation techniques or
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sensitivity analyses to account for missing data, the risk
of bias was downgraded accordingly.

In cases where studies included overlapping popula-
tions, additional steps were taken to prevent duplication
of data and ensure the integrity of the analysis. When
multiple studies were identified as using the same or sub-
stantially overlapping patient cohorts, priority was given
to the study with the most comprehensive dataset, long-
est follow-up, or highest methodological quality. If stud-
ies reported different but complementary outcomes from
the same population, they were included in a way that
minimized redundancy while preserving the breadth of
relevant findings. Sensitivity analyses were performed to
assess whether the inclusion or exclusion of overlapping
studies affected overall conclusions. Decisions regarding
the handling of overlapping populations were transpar-
ently documented to enhance reproducibility and meth-
odological rigor.

To ensure full transparency, all bias assessments were
comprehensively documented (see Additional file 3),
including the rationale for each judgment, considerations
regarding domain-specific risks, and any uncertainties
encountered during the evaluation. Graphical represen-
tations of bias distribution across studies were gener-
ated using Robvis, allowing for a clearer understanding
of potential biases influencing the overall findings of the
review.

Measures of treatment effect

The effect measures for the main outcomes, focusing on
neurological status following eCPR) and its predictors,
included relative risk (RR), odds ratio (OR), risk differ-
ence (RD), and number needed to treat (NNT).

RR compared the risk of a neurological outcome (e.g.,
favorable vs. unfavorable) between patients who under-
went eCPR with favorable neurological outcomes and
those who did with unfavorable neurological outcomes.
OR assessed the odds of a particular neurological out-
come (e.g., favorable vs. unfavorable) in patients who
underwent eCPR compared to those who did not or
between different predictor groups. RD quantified the
absolute difference in the risk of a neurological outcome
(e.g., favorable vs. unfavorable) between patients who
underwent eCPR and those who did not or between
different predictor groups. NNT estimated how many
patients need to undergo eCPR to prevent one unfavora-
ble neurological outcome or to achieve one favorable
neurological outcome, compared to alternative interven-
tions or exposures.

Effect size calculation
Effect sizes were computed for each study based on rel-
evant outcome measures and sample sizes. Variance

Page 5 of 22

estimates were derived from reported standard errors,
confidence intervals, or calculated from raw data.

Meta-analysis

A random-effects model with inverse variance weighting
and Hartung-Knapp adjustment was employed to pool
effect sizes across studies. Forest plots were generated
to visualize individual study effects and the pooled esti-
mate with 95% confidence intervals (CI). Heterogeneity
was assessed using Cochran’s Q statistic and Higgins &
Thompson’s * statistic. Publication bias was examined
using funnel plots and tested using Egger’s regression test
or Begg’s rank correlation test.

Statistical software

All statistical analyses were performed using Python
(version 3.14, libraries: pandas, numpy, statsmodels).
P-values less than 0.05 were considered statistically sig-
nificant. Sensitivity analyses were conducted to assess the
findings, exploring study quality, sample size, and meth-
odological differences.

Data synthesis

For data synthesis in this systematic review, a multi-
faceted strategy was implemented. Firstly, a narrative
synthesis approach was adopted, grouping studies by
design, patient characteristics, interventions, and out-
comes. Key findings were qualitatively summarized, with
an emphasis on identifying patterns and discrepancies.
Subgroup analyses were conducted to explore heteroge-
neity, examining factors such as study design and patient
demographics.

Results

Description of studies

The initial search across different databases yielded a
total of 616 citations. After screening, a total of 10 studies
on 7968 patients were included (Fig. 1) [14, 17-25]. Due
to the possible overlap of patient population in 5 of them
(3 using the SAVE-] II registry and 2 using the JAAM-
OHCA registry), further summary and statistical analysis
were decided to be obtained with data of research with
the largest study group regarding each registry. Con-
sequently, the results presented below were based on 8
studies on 4353 patients.

The median sample size was 590 (IQR 365-916)
patients. The majority of patients were male, with a
median percentage of 82.7% (IQR 71.8-84.6%), and the
median age was 59 years (IQR 54-60.5). Over half of
the patients presented with a shockable cardiac rhythm,
with a median of 58.8% (IQR 32.1-66.2%). The survival-
to-discharge rate varied widely, with a median of 24.5%
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Identification

Records identified from:
1) Cochrane library (n = 12)
2) CINAHL Ultimate (n = 42)
) MEDLINE (n = 102)
) PubMed (n=101)
) Web of Science (n = 116)
)

3
4
5
6) Embase (n = 243)

Records screened:
(n=288)

A 4

Reports sought for retrieval:
(n=164)

Screening

A 4

Reports assessed for eligibility:

(n=164)

IR

A 4

Records removed before screening:
Duplication record removed (n = 328)

Records excluded:

1) No access to full article text in english (n = 2)
2) Inappropriate type of paper*

(n=118)

3) Ongoing trial — no results yet (n = 2)

4) Preprint paper (n = 2)

*systemtic review, meta-analysis, case report, conference abstract,
commentary, letter, editorial

Reports not retrieved:
(n=0)

Included

Studies included in review:
(n=10)

Reports excluded:

1) Inclusion of patients <18 years old (n = 13)
2) Use of additional treatment method (e.g.
target temperature management) (n = 66)

3) No eCPR application or no distinction of
results for eCPR group (n = 57)

4) Lack of cardiac arrest patients or no distinction
of results for cardiac arrest group (n = 8)

5) No neurological outcome assessment (n = 6)
6) No results for factor-derived neurological
outcome prediction (n = 4)

Fig. 1 Flow diagram of the search and inclusion of references. This diagram visually represents the process of study selection for this systematic
review. The search process began with a comprehensive review of databases, resulting in an initial pool of articles. After screening for relevance
and applying inclusion and exclusion criteria, the number of studies included in the review was reduced. The diagram highlights the key stages
of study selection, including the number of studies excluded at each step due to factors such as irrelevance, methodological issues, and lack

of outcome data
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(IQR 10.4-45.2%). A favorable outcome was achieved in
a median of 12.4% of patients (IQR 6.4—25.7%).

Results of individual studies
The final synthesis of 10 eventually included studies
that identified several factors regarding clinical, labora-
tory, and radiological data examined on utility in neuro-
logical outcome prediction. One of the most frequently
assessed factors was age suggesting a higher preva-
lence of favorable outcomes in younger patients espe-
cially <65 years old (OR=6.17; p=0.014); however, two
studies showed no significant differences [17-20]. The
presence of shockable rhythm at ECMO implementation
or hospital arrival implicated in OR=6.67 (p=0.044) and
OR=3.68 (p<0.001), respectively [17, 19]. The research
performed by Takiguchi et al. [20] did not support the
value of both rhythms on hospital arrival and was con-
sistent with Okada et al’s [19] initial cardiac rhythm at
the scene. The initial value of pH on hospital arrival >7.0
was connected with a moderately higher incidence of
favorable outcomes (OR=2.01 and OR=1.12). One study
demonstrated the relevance of call-to-hospital arrival
interval reaching<25 min (OR=2.96; p<0.001); never-
theless, the other one opposed that finding (OR=0.85).
A similar situation was noticed concerning bystander
CPR presence [19-21]. The rest factors revealed to be
statistically correlated with unfavorable neurological out-
comes were hypoxic brain injury on computed tomog-
raphy scans (OR=12.40, p=0.001; Se 0.366, Sp 0.955,
PPV 0.767, NPV 0.787) and higher initial serum creati-
nine level (OR=2.22, p=0.002). Favorable outcome was
more often observed in case of any life sign presence
(OR=9.63; Se 0.89, Sp 0.46, PPV 0.22, NPV 0.96) such
as gasping (OR=2.33), positive pupillary light reaction
(OR=6.21) or increased level of consciousness before or
throughout CPR (OR=6.05), transient return of spon-
taneous circulation (OR=2.76, p<0.001), non-hypoxic
mechanism of occurred hepatitis (p =0.013), public loca-
tion (OR=1.37), and hypothermic etiology of cardiac
arrest (OR=2.54, p<0.001). Unfortunately, each of the
aforementioned factors was evaluated by only one of the
included papers [18, 20, 22-25]. Besides individual fac-
tors, three studies investigated the prognostic application
of the TiPS65 scale that consists of four factors each scor-
ing 1 point (time from call to hospital <25 min, initial pH
on hospital arrival >7.0, shockable rhythm on hospital
arrival, < 65 years old). The result of two of them allowed
to assess scale accuracy reaching 88.4% and 88.6% (Se
0.172, Sp 0.971, PPV 0.423, and NPV 0.906 and Se 0.193,
Sp 0.985, PPV 0.646, and NPV 0.896 respectively) when
the cut-off point was set at 4 points [14, 19, 21].

The complete description of each reviewed study was
summarized in Additional file 4. Its shortened version
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was displayed in the main text as Table 1. The study per-
formed by Okada et al. (2020) is divided into two parts
due to its methodology, which distinguished the develop-
ment and validation cohort in the TiPS65 scale creation
process [19].

Statistical analysis

A meta-analysis was conducted to assess the pooled
effect size of favorable outcomes across 8 studies. The
pooled effect size of favorable outcomes was analyzed
using a random-effects inverse variance model with Har-
tung-Knapp adjustment. Forest plots were constructed to
display probabilities with 95% confidence intervals (95%
CI) for individual studies as well as the meta-analytic
averages (Figs. 2, 3, 4, and 5).

The percentage of male patients showed a pooled effect
size of 78.5%, highlighting the proportion of males in the
patient population. Shockable rhythm demonstrated a
pooled effect size of 56.1%, indicating the prevalence of
this condition. Lastly, favorable outcomes had a pooled
effect size of 14.6%, illustrating the overall proportion of
favorable outcomes observed.

The combined estimate of the proportion of favora-
ble outcomes across all included studies was 14.6%. This
indicates that, on average, 14.6% of patients experienced
favorable outcomes. The 95% confidence interval for the
pooled effect size ranged from 12.50 to 16.90%. This sug-
gests that the true proportion of favorable outcomes is
likely to lie within this range, although the relatively wide
interval reflects some uncertainty around the precise
pooled effect size. Heterogeneity among the studies was
significant, as assessed by Cochran’s Q test (Q=153.73,
p<0.001). The heterogeneity variance (%) was calcu-
lated, and Higgins & Thompson’s I statistic was 94.80%,
indicating that 94.80% of the observed variation in effect
sizes is attributable to differences between studies rather
than random chance. Funnel plots were utilized to assess
publication bias (Fig. 6).

Several factors contributed to the observed hetero-
geneity, impacting the interpretation of pooled effect
estimates. A major source of heterogeneity was differ-
ences in patient demographics, particularly age and sex
distribution. The pooled proportion of male patients
(78.5%) suggests a substantial gender imbalance, poten-
tially influencing outcome variability. Additionally, the
prevalence of shockable rhythm, a key prognostic factor,
varied across studies, further complicating cross-study
comparisons.

Variability in study design also contributed to hetero-
geneity. Differences in follow-up duration, outcome defi-
nitions, and inclusion criteria resulted in inconsistent
effect sizes. Some studies employed stringent selection
criteria, focusing on specific subpopulations, whereas
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Fig. 2 Forest plot of mean age. This forest plot displays the mean age of patients across the studies included in the systematic review. Each
horizontal line represents the 95% confidence interval (Cl) for the mean age in each study, whereas the square markers indicate the pooled estimate
of the mean age for each study. The plot shows variability in the age distribution across studies, highlighting how age might influence neurological
outcomes after eCPR. The overall estimate is provided as a combined measure across studies

others had broader inclusion criteria, leading to a more
heterogeneous patient pool. These discrepancies affected
the comparability of findings and introduced variability
in treatment response.

Furthermore, differences in healthcare settings and
treatment protocols influenced observed outcomes. Vari-
ations in post-resuscitation care, including the use of tar-
geted temperature management and extracorporeal life
support, may have contributed to discrepancies in sur-
vival and neurological recovery. Additionally, differences
in emergency medical services, hospital resources, and
regional clinical practices likely played a role in the het-
erogeneity of treatment effects.

Given the small number of studies, Peters’ linear
regression test for funnel plot asymmetry was not per-
formed. Due to the magnitude of heterogeneity, further
data synthesis was discontinued. The subgroup analysis
was discussed in the discussion section.

The forest plot illustrates the effect sizes of all
included studies in Fig. 7. The subgroup analysis based
on age groups reveals varying pooled effect sizes and
variances across different cohorts. Patients aged less

than 50 years exhibited a pooled effect size of 0.135
(variance: 0.025), indicating a modest proportion of
favorable treatment outcomes. In contrast, patients
aged 50-60 years showed a slightly lower pooled effect
size of 0.130 (variance: 0.041), suggesting a more vari-
able benefit from the treatment within this age bracket.
Those aged 60 years and older demonstrated the high-
est pooled effect size at 0.215 (variance: 0.060), indi-
cating a significant proportion experiencing favorable
outcomes, though with considerable variability.

These subgroup differences have important clinical
implications. The lower pooled effect size observed in
patients younger than 50 years suggests that this group
may have unique physiological or pathological factors
influencing their response to treatment. One possible
explanation is that younger patients may experience
more severe primary insults, such as traumatic cardiac
arrests or cardiac arrests due to underlying structural
heart disease, which could reduce their likelihood of
achieving favorable outcomes despite aggressive treat-
ment. Additionally, their relatively lower burden of
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Forest Plot of Male Percentage with 95% CI
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Fig. 3 Forest plot of male percentage. This forest plot illustrates the percentage of male patients included in each study. The percentage of male
patients is plotted on the x-axis, and each study’s estimate is represented by a square marker with corresponding 95% Cl bars. The figure shows
variation in male representation across studies, which could potentially impact the interpretation of gender-related effects on neurological

outcomes post-eCPR

chronic comorbidities may influence the aggressiveness
of treatment strategies applied in this cohort.

For patients aged 50-60 years, the slight decrease
in pooled effect size (0.130) compared to the younger
group, coupled with increased variance (0.041), suggests
a more heterogeneous response to treatment. This vari-
ability may be attributed to the presence of age-related
risk factors such as hypertension, diabetes, and cardio-
vascular disease, which influence both the baseline prog-
nosis and response to interventions. While some patients
in this group may retain sufficient physiological resilience
to benefit from treatment, others may have a higher bur-
den of comorbidities that negatively impact their recov-
ery potential. The wider variance highlights the need for
individualized clinical decision-making within this age
group, with careful consideration of preexisting health
conditions and functional status.

In contrast, patients aged 60 years and older demon-
strated the highest pooled effect size (0.215), indicating
a greater proportion of favorable outcomes. This finding
may be counterintuitive, as advanced age is often asso-
ciated with poorer prognoses. However, this could be
explained by the fact that older patients are more likely to
experience in-hospital cardiac arrests, where immediate
medical intervention and standardized post-resuscitation
care protocols may contribute to improved survival rates.
Furthermore, the higher pooled effect size in this group
may reflect a selection bias, where older patients who

survived the initial event and were included in the stud-
ies had inherently better health statuses than the general
elderly population.

However, the considerable variance observed in this
group (0.060) suggests that outcomes are highly variable,
likely influenced by factors such as frailty, cognitive func-
tion, and preexisting do-not-resuscitate (DNR) orders.
While some older patients may benefit significantly from
treatment, others may have poorer functional recovery
due to preexisting conditions. The observed variabil-
ity highlights the importance of personalized treatment
approaches, with decisions guided by comprehensive
geriatric assessments rather than age alone.

Overall, these findings suggest that age is an important
factor in predicting treatment outcomes, but it should
not be considered in isolation. The variability observed
within each age group underscores the need for individu-
alized approaches to patient care. Clinicians should inte-
grate age-specific risk factors, comorbidities, and patient
preferences when making treatment decisions. Addition-
ally, future research should focus on refining prognostic
models that incorporate age-related markers to improve
risk stratification and optimize treatment strategies
across different age cohorts.

The variance values reflect varying levels of consist-
ency in treatment responses across studies within
each age subgroup, with younger patients showing the
least variability and older patients showing moderate
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Fig. 4 Forest plot of shockable rhythm. This forest plot presents the proportion of patients in each study who experienced a shockable
rhythm during their cardiac arrest event. The x-axis represents the percentage of patients with a shockable rhythm, with the squares indicating
study-specific estimates and the Cl bars representing the uncertainty around each estimate. A trend of variation in the proportion of patients
with shockable rhythm is observed across studies, suggesting its potential as a predictive factor for neurological outcomes

consistency. These findings suggest that treatment effi-
cacy may increase with age, highlighting the need for
age-specific considerations in clinical management
and further investigation into age-related treatment
responses.

Bias assessment

Bias assessment was done using the ROBINS—I tool
for non-randomized trials. The bias assessment of the
included studies revealed that two studies had moder-
ate overall bias primarily due to potential confounding
and missing data risks [17, 18]. In contrast, eight stud-
ies exhibited serious overall bias, driven mainly by high
risks associated with confounding and missing data [14,
19-25]. Despite these issues, all studies maintained low
risk in the classification of interventions, measurement
of outcomes, and reporting of results, indicating strong
methodological approaches in these domains. Overall
bias assessment with described domain titles is summa-
rized in Figs. 8 and 9.

Discussion

The use of ECMO in cardiac arrest treatment was first
proposed almost 60 years ago [26]. During this period,
plenty of studies have been comparing eCPR to CPR;
nevertheless, due to the lack of randomized controlled
trials on large populations and following meta-analyses,
its utility remains uncertain. The available data suggest
a significantly higher incidence of survival with favora-
ble neurological outcomes in short-term observation;
however, less frequently described results of long-term
follow-up are ambiguous [27, 28]. The promising out-
come of eCPR application is even more encouraging
when it is combined with supplementary interven-
tions and strict monitoring. The research performed by
Trummer et al. showed that the addition of cannulation
at the scene in out-of-hospital cardiac arrest cases and
real-time monitoring of temperature, hemodynamic,
and metabolic parameters with their following adjust-
ment to hypothermia-supported eCPR leads to a rarely
observed percentage of favorable outcome (41% and
28% for in-hospital and out-of-hospital cardiac arrest
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Forest Plot of Favorable Outcome with 95% Cl
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Fig. 5 Forest plot of favorable outcome. This forest plot shows the proportion of patients achieving a favorable neurological outcome
following eCPR, as defined by each study. Each study’s estimate of the proportion with favorable outcomes is depicted as a square

with the corresponding 95% Cl. The figure highlights the variability in the reported rates of favorable outcomes, which can be attributed
to differences in patient populations, eCPR protocols, and outcome definitions across studies

after 3 months, respectively) [29]. It suggests there is
still a potential for therapy improvement, which can be
achieved via a multidirectional approach. An adequate
example to confirm this statement is a study by Yannop-
oulos et al. aimed at refractory OHCA patients present-
ing with an initial shockable rhythm. Due to the high
incidence of coronary artery disease in the described
population, the research team created a conduct pro-
tocol involving the use of Lund University Cardiopul-
monary Assist System (LUCAS) device and impedance
threshold device, ECMO with following therapeutic
hypothermia and early coronary angiography with per-
cutaneous coronary intervention performance if neces-
sary. Its application contributed to a 50% survival rate
with favorable neurological outcomes assessed at dis-
charge from the hospital and maintained in 1-month
follow-up [30]. The presented data support the con-
clusions regarding the key role of therapy adjustment
based on the analysis of the clinical situation. For this
reason, it is crucial to determine reliable criteria for
treatment implementation and termination based on
patient and condition characteristics. This approach
aims at avoiding premature termination or prolonged

continuation both having harmful impact on patients
[31]. To decide which patients can benefit from each
conduct we try to assess the feasibility of survival with
favorable neurological outcomes. Due to the multifac-
eted nature of cardiac arrest, resuscitation, and their
subsequent implications, it is a challenging process
that requires a wide range evaluation of existing cor-
relations to establish clinical value [32—34]. The results
of this systematic review provide critical insights into
the factors influencing neurological outcomes following
extracorporeal cardiopulmonary resuscitation.

One of the most consistently reported predictors of
favorable neurological outcomes was the presence of
a shockable rhythm at the time of eCPR initiation or
upon hospital arrival. The association between shockable
rhythms and better outcomes is well-supported by exist-
ing literature, which attributes this to the generally more
favorable response to defibrillation and the likelihood of
a less prolonged no-flow state [35, 36]. However, the lack
of consensus across all studies highlights the complex-
ity of this predictor and suggests that shockable rhythm
alone may not be sufficient to determine outcomes with-
out considering other factors.
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Fig. 6 Funnel plot for publication bias. This funnel plot visually
assesses the potential presence of publication bias in the included
studies. The plot represents study effect sizes on the x-axis

and their corresponding standard errors on the y-axis. In an ideal
scenario without bias, the studies should be symmetrically
distributed around the combined effect size estimate. The figure
shows the distribution of studies, with any asymmetry potentially
suggesting publication bias, where studies with significant findings
are more likely to be published than those with null results

Age also emerged as a significant predictor, with
younger patients (<65 years) generally showing bet-
ter neurological recovery. This could be attributed to
the greater physiological resilience of younger individu-
als and the lower likelihood of comorbidities that could
complicate recovery [37]. However, the absence of signif-
icant findings in some studies underscores the need for
cautious interpretation, as age-related outcomes may be
influenced by other variables such as pre-existing health
conditions or the quality of immediate post-resuscitation
care.

Other factors, such as initial pH upon hospital arrival
and the presence of hypoxic brain injury on computed
tomography scans, demonstrated variable impacts on
neurological outcomes. The findings suggest that while
certain laboratory and imaging parameters can offer
prognostic value, their reliability may be contingent on
the timing of assessment and the specific clinical context
[38].

The review identified the TiPS65 scale as a promising
tool for predicting neurological outcomes post-eCPR.
With a reported accuracy of approximately 88% when
applied with a cut-off of 4 points, this scale could serve as
a valuable adjunct in clinical decision-making [21]. How-
ever, given that the scale’s validation is limited to a few
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studies, further research is necessary to establish its gen-
eralizability across diverse populations and settings.

Limitations

This systematic review of neurological outcome predic-
tors after extracorporeal cardiopulmonary resuscitation
has several notable limitations that impact the interpre-
tation and generalizability of the findings. One of the
most significant limitations is the substantial heteroge-
neity observed across the included studies, which arises
from variations in patient populations, study designs, and
eCPR protocols. Differences in inclusion criteria, resus-
citation strategies, and post-resuscitation care contribute
to variability in reported outcomes, making it difficult to
draw definitive conclusions. This heterogeneity reduces
the comparability of findings and limits the ability to
identify consistent predictors of neurological recovery.

Small sample sizes and short follow-up durations fur-
ther constrain the statistical power of the meta-analysis,
impeding robust assessments of long-term neurologi-
cal outcomes. Many studies included in this review lack
sufficient patient numbers to generate precise effect esti-
mates, increasing the risk of type II errors and reducing
the reliability of pooled effect sizes. Additionally, the
limited follow-up in most studies prevents comprehen-
sive evaluation of long-term functional and cognitive
recovery, which is critical for assessing the true impact of
eCPR.

Bias also plays a considerable role in shaping the con-
clusions of this review. The risk of bias assessment using
the ROBINS-I tool revealed moderate to serious risks
in multiple domains, particularly regarding confound-
ing and missing data. Many studies did not adequately
adjust for confounding variables such as pre-existing
comorbidities, duration of cardiac arrest, or severity of
neurological injury, all of which could significantly influ-
ence outcomes. Missing data on key variables, including
detailed neurological assessments and long-term follow-
up results, further undermines the robustness of the find-
ings. The presence of such biases reduces confidence in
the reported associations between predictors and out-
comes, necessitating cautious interpretation of results.

Publication bias and selective outcome reporting
may also distort the overall conclusions. Studies with
significant or favorable findings are more likely to be
published, whereas those with null or negative results
may remain unpublished, leading to an overestimation
of the strength of associations between predictors and
favorable neurological outcomes. The use of funnel
plots to assess publication bias was limited by the small
number of included studies, which restricts the ability
to detect asymmetry and quantify its impact. Addition-
ally, inconsistent outcome definitions and measurement
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Fig. 7 Forest plot of effect sizes. This forest plot illustrates the effect sizes (e.g., odds ratios, mean differences) from each study included

in the systematic review. Each square marker represents the effect size estimate for a specific study, with the corresponding horizontal line showing
the 95% Cl. The pooled overall effect size, depicted as a diamond, summarizes the magnitude of the relationship between eCPR and neurological
outcomes. The plot highlights variability in effect sizes across studies, indicating the need for further research to better understand the impact

of eCPR on patient recovery

tools across studies further complicate the synthesis of
data. Variability in the assessment of neurological func-
tion, ranging from crude survival measures to detailed
neurological scores, hinders direct comparisons and
weakens the external validity of the findings.

Furthermore, the exclusion criteria applied in this
review, which restricted the participant pool to adults
and excluded patients receiving concurrent interven-
tions such as target temperature management, limit
the generalizability of the results. The omission of these
patient groups reduces the applicability of the findings
to broader clinical populations, as key treatment inter-
actions and their influence on neurological outcomes
remain unexamined.

Data extraction and synthesis posed additional chal-
lenges due to inconsistencies in the reporting of key
metrics. The lack of standardized reporting across
studies led to difficulties in aggregating and compar-
ing findings, introducing potential inaccuracies in the
meta-analyses and narrative synthesis. These discrep-
ancies further highlight the urgent need for uniform
guidelines in future research on eCPR outcomes.

To address the heterogeneity and biases in eCPR
research, future studies should focus on larger, mul-
ticenter trials with diverse patient populations to
improve statistical power and generalizability. Stand-
ardized reporting criteria for neurological outcomes
and other key clinical endpoints should be established,
enabling better comparisons across studies. Addition-
ally, longer follow-up durations are crucial for assessing
long-term neurological recovery, which many current
studies overlook. Rigorous adjustment for confound-
ing variables using advanced statistical methods will
help reduce bias, whereas broader inclusion criteria
will ensure more representative findings. Randomized
controlled trials with blinded outcome assessments
should be prioritized to minimize bias, and publica-
tion of both positive and negative results is essential to
mitigate publication bias. Collaborative research net-
works can also help standardize protocols and enhance
study quality. By implementing these strategies, future
research will provide more reliable and applicable evi-
dence to guide clinical decisions regarding eCPR.
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Given these limitations, the findings of this systematic
review should be interpreted with caution. The signifi-
cant heterogeneity, potential biases, and methodological
inconsistencies underscore the necessity for more stand-
ardized, large-scale studies with rigorous methodologies.
Future research should aim to minimize bias through
better study design, ensure comprehensive follow-up
to assess long-term neurological outcomes, and adopt
standardized reporting criteria to enhance the reliability
and applicability of findings in this critical area of clinical
research.

Conclusions

The implementation of eCPR is undoubtedly a promising
step towards improving post-resuscitation health after-
math. To take full advantage of this therapy, the creation
of fair guidelines for eCPR application that will support
decision-making in clinical settings seems to be indispen-
sable. The decision about initiation and/or termination
should be based on accurately predicted neurological
outcomes. This systematic review presents an insight
into the current state of knowledge about existing cor-
relations between neurological outcomes and parameters
obtained from clinical, laboratory, and imaging data. Due
to the insufficient amount of data on this ground, further
research ought to focus on the evaluation of previously
examined factors in large population-based studies. The
emphasis should first be placed on easily and quickly
accessible clinical and laboratory data because of their
simple applicability in clinical conditions. An investiga-
tion of novel factors, especially the ones specific to brain
injury however more difficult to perform, may be cru-
cial to find parameters characterized with better predic-
tive value. For this reason, worth considering solutions
for accuracy improvement are prognostic scales like the
described TiPS65 consisting of several common factors.
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