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Abstract 

This work aims to assess the performance of two post‑arrest (out‑of‑hospital cardiac arrest, OHCA, and cardiac arrest 
hospital prognosis, CAHP) and one pre‑arrest (good outcome following attempted resuscitation, GO‑FAR) prediction 
model for the prognostication of neurological outcome after cardiac arrest in a systematic review and meta‑analysis. 
A systematic search was conducted in Embase, Medline, and Web of Science Core Collection from November 2006 
to December 2021, and by forward citation tracking of key score publications. The search identified 1′021 records, 
of which 25 studies with a total of 124′168 patients were included in the review. A random‑effects meta‑analysis of 
C‑statistics and overall calibration (total observed vs. expected [O:E] ratio) was conducted. Discriminatory perfor‑
mance was good for the OHCA (summary C‑statistic: 0.83 [95% CI 0.81–0.85], 16 cohorts) and CAHP score (summary 
C‑statistic: 0.84 [95% CI 0.82–0.87], 14 cohorts) and acceptable for the GO‑FAR score (summary C‑statistic: 0.78 [95% CI 
0.72–0.84], five cohorts). Overall calibration was good for the OHCA (total O:E ratio: 0.78 [95% CI 0.67–0.92], nine 
cohorts) and the CAHP score (total O:E ratio: 0.78 [95% CI 0.72–0.84], nine cohorts) with an overestimation of poor 
outcome. Overall calibration of the GO‑FAR score was poor with an underestimation of good outcome (total O:E ratio: 
1.62 [95% CI 1.28–2.04], five cohorts). Two post‑arrest scores showed good prognostic accuracy for predicting neuro‑
logical outcome after cardiac arrest and may support early discussions about goals‑of‑care and therapeutic planning 
on the intensive care unit. A pre‑arrest score showed acceptable prognostic accuracy and may support code status 
discussions.
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Graphical Abstract

Introduction
Cardiac arrest is a significant cause of premature death 
worldwide with high mortality and the risk of unfavoura-
ble neurological outcome due to hypoxic-ischaemic brain 
injury [1–5]. Intensive care unit (ICU) physicians fre-
quently encounter severely ill cardiac arrest survivors in 
a state of persistent reduced consciousness and haemo-
dynamic instability sometimes complicated by sedation 
and paralysis due to targeted temperature management. 
These circumstances render prognostication difficult, 
which could lead to overly pessimistic prognosis and 
unjustified early withdrawal of life-sustaining therapy 
(WLST) [6–10]. Thus, current guidelines recommend 
delaying prognostication to 72 h after return of sponta-
neous circulation (ROSC) [11]. The uncertainty during 
the first three days renders early discussions about goals 
of care and therapeutic planning between physicians and 
surrogate decision makers (i.e., next-of-kin) difficult.

Post-cardiac-arrest clinical predictive models (CPM) 
based on patient-specific parameters (e.g., no-flow and 
low-flow intervals, initial cardiac arrest rhythm, age, 
arrest setting) could support these early discussions by 

stratifying patients according to the chance of survival 
with a good neurological outcome [12]. The Cardiac 
Arrest Hospital Prognosis (CAHP) score and the Out-of-
Hospital Cardiac Arrest (OHCA) score are two well-val-
idated CPM which predict survival to hospital discharge 
with a good neurological outcome in cardiac arrest sur-
vivors as measured by the cerebral performance category 
scale (CPC) [13–15] (Box 1).

Another important application of CPM is to predict 
outcome after cardiac arrest in a pre-arrest setting, spe-
cifically in code status discussions [16, 17]. As in-hospital 
cardiac arrest (IHCA) is a frequent emergency with poten-
tially devastating outcomes and high health care costs 
[18, 19], shared decision-making with patients at hospital 
admission concerning advanced care planning and do-
not-attempt-resuscitation orders should be standard of 
care, especially in elderly polymorbid patients [20–25]. 
Knowledge about the expected chances of survival with 
good neurofunctional recovery following a cardiac arrest 
can guide patients and physicians in this difficult decision-
making process. The Good Outcome Following Attempted 
Resuscitation (GO-FAR) score is a pre-arrest CPM, which 
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has shown potential as a tool to assess futility regard-
ing cardiopulmonary resuscitation (CPR) and might thus 
be valuable to support code status discussions [16, 17]. It 
predicts the chance of survival to hospital discharge with 
a favourable neurological outcome as measured by CPC in 
case of an in-hospital cardiac arrest [16]. The score is based 
on a variety of pre-arrest predictors for unfavourable out-
come, such as age, comorbidities, organ insufficiency, or 
pre-admission functional status [16] (Box 1).

A systematic review of available CPM identified the 
OHCA, CAHP, and GO-FAR scores as the three most 
thoroughly validated scoring systems for the predic-
tion of neurological outcome after cardiac arrest [12]. 
A meta-analysis of the predictive performance was not 
conducted. However, the numerous external validation 
studies provide a complex overall picture that might be 

challenging to oversee for the individual bedside physi-
cian. Hence, evidence synthesis in the form of a system-
atic review and meta-analysis is of utmost importance 
[26]. The present work aims to assess the predictive per-
formance of the three most rigorously validated CPM 
within the framework of a state-of-the-art systematic 
review and meta-analysis.

Methods
Data collection and reporting for this systematic review 
and meta-analysis followed the Checklist for Critical 
Appraisal and Data Extraction for Systematic Reviews of 
Prediction Modelling Studies (CHARMS), the Preferred 
Reporting Items for Systematic Reviews and Meta-anal-
yses (PRISMA), and the Meta-analysis of Observational 

Box 1 Description of Included Scores

CAHP Cardiac Arrest Hospital Prognosis; CPC Cerebral Performance Category; GO-FAR Good Outcome Following Attempted Resuscitation; OHCA Out-of-hospital 
cardiac arrest; VF Ventricular fibrillation; VT Ventricular tachycardia

Score Outcome predicted Variable Score calculation Probability categories 
for primary outcome in 
original publication

OHCA Poor neurological outcome (CPC 3–5) Initial rhythm: VF or VT [yes/no]  − 13 if no 2.0: 25% risk

No‑flow interval [min]  + 6 × ln(no‑flow interval) 17.4: 50% risk

Low‑flow interval [min]  + 9 × ln(low‑flow interval) 32.5: 75% risk

Serum creatinine [µmol/L]  − 1434/(serum creatinine)

Arterial lactate [mmol/L]  + 10 × ln(arterial lactate)

CAHP Poor neurological outcome (CPC 3–5) Age [years] Points attributed by nomo‑
gram for all variables

 < 150: low risk

Arrest Setting [home/public] 150 to 200: medium risk

Shockable Rhythm [yes/no]  > 200: high risk

No‑flow interval [min]

Low‑flow interval [min]

pH at Admission

Dosage of Epinephrine administered [0, 
1–2 or ≥ 3 mg]

GO‑FAR Good neurological outcome (CPC 1) CPC 1 at admission  − 15  ≥ 24: very low

Major trauma 10 14 to 23: low

Acute stroke 8  − 5 to 13: average

Metastatic or hematologic cancer 7  − 15 to − 6: above average

Septicaemia 7

Medical non‑cardiac diagnosis 7

Hepatic insufficiency 6

Admitted from skilled nursing facility 6

Hypotension or hypoperfusion 5

Renal insufficiency or dialysis 4

Respiratory insufficiency 4

Pneumonia 1

Age 70–74 years 2

Age 75–79 years 5

Age 80–84 years 6

Age ≥ 85 years 11
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Studies in Epidemiology (MOOSE) checklist [27–29]. 
To avoid duplication, data-driven research, and report-
ing bias the study protocol was preregistered in the reg-
ister for systematic reviews PROSPERO (registration no. 
CRD42022287816).

Search strategy
The search strings were developed by an information 
specialist (CAH). The bibliographic databases Embase 
(Elsevier), Medline (Ovid), and Web of Science Core Col-
lection (Clarivate) were searched using the three score 
names and their acronyms for studies on adult patients 
(last search conducted on December 7, 2021). The pub-
lication date was restricted to after November   1st, 2006, 
when the original OHCA score study was published 
[13]. The complete search strategies can be found in the 
online-only Additional file  1. Furthermore, following an 
evidence-based methodology [30], the citing references 
of the three original score publications [13, 14, 16] and 
their validation studies [31–42], as compiled in a recent 
survey of current science [12], were downloaded from 
Scopus and Web of Science. All references were exported 
to EndNote  20 (Clarivate Analytics, London, United 
Kingdom) and de-duplicated using the Bramer method 
[43].

Study selection
Eligible for this systematic review and meta-analysis 
were all studies meeting the following inclusion crite-
ria: Observational study design; inclusion of patients 
admitted to the ICU after in- or out-of-hospital cardiac 
arrest; assessment of mortality and/or neurological out-
come; calculation of the OHCA, CAHP and/or GO-FAR 
score. Studies were excluded based on publication type 
(reviews, congress abstracts, comments, case reports, 
case series, randomised controlled trials, animal studies), 
language (any language other than English or German), 
publication date before November 1st, 2006 (publication 
date of the original OHCA score development study), 
and if more than 20% of paediatric patients (< 18 years of 
age) were included.

Two study team members (SAA and RB) conducted 
the title and abstract screening and the following full-text 
screening independently following a standardised form 
with inclusion and exclusion criteria. Disagreements 
were discussed until consensus was reached. If no con-
sensus could be reached, a final decision was made by the 
research team leader (SH).

Outcomes
The primary outcome was neurological outcome assessed 
by the CPC, including death in accordance with the origi-
nal publications for each score [13, 14, 16]. The CPC is 
a well-validated outcome score commonly used to assess 
neurological function in post-cardiac-arrest patients. 
It differentiates five levels of neurological functioning: 
A CPC score of 1 corresponds to survival with no or 
minor neurological deficits and no impairment of eve-
ryday functioning. A CPC score of 2 indicates moderate 
cerebral disability with impairment of working life, but 
patients are still able to conduct activities of daily living 
independently. A CPC score of 3 indicates severe cerebral 
disability with dependence on support from others for 
everyday living. A CPC score of 4 stands for patients in 
a coma or vegetative state, and a CPC score of 5 equals 
brain death or death [15].

For the OHCA and CAHP score, neurological outcome 
was defined as good (CPC score 1 to 2) or poor (CPC 
score 3 to 5) [13, 14]. In accordance with the original 
publication [16], good neurological outcome for the GO-
FAR score was defined as CPC score 1, poor neurological 
outcome as CPC score 2 to 5. Secondary outcomes were 
mortality at hospital discharge and at one, three, six, and 
twelve months.

Data extraction and handling of missing data
Data extraction was performed in accordance with the 
CHARMS[28] checklist independently and in dupli-
cate by two members of the study team (SAA and RB). 
The extraction of prognostic accuracy measures and 
the handling of missing data followed the methodology 
recommended by the Prognosis Methods Group of the 
Cochrane Collaboration [44].

The following information was extracted to assess 
study characteristics: Study design (i.e., development or 
validation; prospective or retrospective study design), 
country, study period, number of participants, inclusion 
criteria, primary and key secondary outcomes. To assess 
heterogeneity between studies, data concerning differ-
ences in baseline characteristics of the populations (i.e., 
age, sex, cardiac arrest aetiology) and the observed per-
centage of good outcome was extracted as suggested by 
Debray et al.[45]

To assess the performance of the prognostic scores, 
measures of discrimination, calibration, and classifica-
tion were extracted [28]. To assess discrimination, the 
area under the receiver operating characteristic curve 
(AUROC, C-statistic) with corresponding uncertainty 
measures were extracted and missing uncertainty meas-
ures estimated using the approach developed by Debray 
et al.[45]
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To assess calibration, the total observed vs. expected 
(O:E) ratio was analysed [45]. Observed and expected 
rates of poor neurological outcome were extracted for 
the total cohort and if possible for each risk stratum. In 
case of missing expected outcomes, missing values were 
approximated using two evidence-based approaches: 
To calculate the O:E ratio for the GO-FAR score, the 
approach proposed and validated by Dimitrov et  al.[46] 
was applied. Briefly, the outcome frequencies in the 
original development cohort for each risk stratum were 
extracted and applied to the validation cohort to calculate 
expected outcome numbers per risk stratum. To calculate 
the missing expected outcome rates for the OHCA and 
CAHP scores, the mean or median values of the patient 
characteristics were incorporated into the prediction 
model to calculate an overall mean score value for the 
population in the validation study. The score value was 
then transformed into a probability of poor outcome. For 
the OHCA score, this could be achieved using a formula 
published in the original publication [13], for the CAHP 
score, the original nomogram[14] was used. If reported, 
the mean or median score values were extracted directly. 
The probability derived from the score value was then 
applied to the validation cohort to obtain the expected 
outcome number. The variance of the total O:E ratios was 
calculated on the log scale using the equations provided 
by Debray et al. [45]

Classification measures (i.e., sensitivity, specificity, pos-
itive predictive value, and negative predictive value) at 
specific score cut-offs were extracted as reported.

Risk of bias assessment
The risk of bias (ROB) was assessed using the Prediction 
Model Risk of Bias Assessment Tool (PROBAST) [47], 
which evaluates ROB in the following four domains: Par-
ticipants, predictors, outcome, and analysis. Additionally, 
it assesses the applicability of each study to the review 
question in three domains: Participants, predictors and 
outcome. Specific signalling questions help to identify 
potential sources of ROB or non-applicability. ROB and 
applicability rating were conducted independently and 
in duplicate by two study team members (SAA and RB). 
Cases of disagreement were discussed until consensus 
was reached.

Statistical analysis
Only external validation cohorts were included in the 
meta-analysis of the prognostic performance measures 
[45]. Meta-analysis of C-statistics and total O:E ratios 
was following a validated approach recommended by the 
Prognosis Methods Group of the Cochrane Collabora-
tion [44, 45]. Meta-analysis of C-statistics was conducted 
using a random-effects model with restricted maximum 

likelihood (REML) estimation using the metaan proce-
dure in STATA 15 (StataCorp, College Station, Texas, 
United States). A C-statistic of 0.7–0.8 was defined 
as acceptable, 0.8–0.9 as good and > 0.9 as excellent. 
Between-study normality of C-statistics was assessed 
visually prior to the analysis. A second meta-analysis on 
the logit scale was conducted to check the validity of the 
results. This approach ensures normal distribution of 
C-statistics between studies [45, 48]. Heterogeneity was 
estimated using the  I2 statistic. Meta-analysis of total O:E 
ratios was conducted on the log scale using the random-
effects model with REML estimation as described above 
[45, 48].

To assess the prognostic performance of the scores 
using the risk strata with the cut-offs defined in the origi-
nal publications [13, 14, 16], the approach suggested by 
Ebell et  al.[49] was applied to obtain stratum-specific 
likelihood ratios.

A pre-specified subgroup analysis was conducted com-
paring studies assessing outcomes after OHCA only 
versus studies evaluating outcomes after IHCA or in 
samples with both IHCA and OHCA patients. Addition-
ally, subgroup analyses not pre-specified in the protocol 
were performed to address heterogeneity in the outcome 
assessment across the validation studies. Subgroup analy-
ses were conducted comparing studies assessing neuro-
logical outcome versus those assessing mortality only and 
studies assessing outcome at hospital discharge to 30 days 
versus those assessing outcome more than 1 month after 
the cardiac arrest.

Two separate meta-regression analyses were conducted 
to assess if heterogeneity in C-statistics between valida-
tion studies can partly be explained by heterogeneity in 
specific characteristics of the respective cohorts. The 
C-statistic of the validation studies was included as the 
dependent variable. As the independent variable, the 
observed percentage of good outcome in the validation 
study and mean/median patient age were included.

Results
Study selection process
A total of 1′021 unique records were identified through 
database searches (n = 485) and forward citation tracking 
(n = 536) and screened on titles and abstracts. Figure  1 
outlines the study selection process [27]. A total of 72 
selected records were screened in full text, of which 25 
records with 124′168 patients were included in the final 
review and summarised in Table 1.

Characteristics of included studies: OHCA score
Fifteen studies [13, 31, 32, 34, 35, 50–59] reporting out-
comes from 18 cohorts (ten prospective and eight ret-
rospective cohorts) with a total of 4′747 patients were 
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included in the review, of which 16 external validation 
cohorts [31, 32, 34, 35, 50–59] were available for the 
evaluation of the OHCA score’s prognostic performance. 
The studies were mainly performed in Europe (n = 7) 
[13, 35, 50, 52, 54, 56, 60] and in Asia (n = 6) [34, 53, 55, 
57–59] with one study each performed in the USA[31] 
and Australia [32], respectively. The majority of studies 
(n = 11) [13, 31, 34, 51, 53–59] reported outcomes after 
OHCA, whereas three studies [32, 35, 50] reported out-
comes of both OHCA and IHCA patients, and one study 
[52] reported outcomes after IHCA only. In accordance 
with the original publication of the OHCA score [13], 
the majority of studies assessed the prognostic perfor-
mance of the OHCA score for the prediction of neuro-
logical outcome (n = 12) [13, 31, 34, 35, 51–55, 57–59]. 
In contrast, three studies[32, 50, 56] assessed the score’s 
performance in predicting mortality only. The outcome 
assessment was performed at hospital discharge or 
30 days in 15 cohorts[13, 31, 32, 34, 35, 50–57, 59] and 
at > 1 month in three cohorts [54, 58] (Box 1).

Characteristics of included studies: CAHP score
Thirteen studies [14, 35, 38, 51–59, 61] reporting out-
comes from 17 cohorts (nine prospective and eight ret-
rospective cohorts) with a total of 6′769 patients were 

included in the review, of which 14 external validation 
cohorts [14, 35, 38, 51–59, 61] were available to evaluate 
the CAHP score’s prognostic performance. The studies 
were mainly performed in Europe (n = 7) [14, 35, 38, 51, 
52, 54, 56] and in Asia (n = 5) [53, 55, 57–59], with only 
one study [61] performed in the USA. The majority of 
studies (n = 11) [14, 38, 51, 53–59, 61] reported outcomes 
after OHCA, whereas one study [35] reported outcomes 
of mixed OHCA and IHCA patients and one study [52] 
after IHCA only. In accordance with the original publi-
cation of the CAHP score [14], the majority of studies 
assessed the prognostic performance of the CAHP score 
for the prediction of neurological outcome (n = 12), while 
only one study [57] assessed the score’s performance in 
predicting mortality only. The outcome assessment was 
performed at hospital discharge or 30 days in 13 cohorts 
[14, 35, 38, 51–57, 59, 61] and at > 1  month in three 
cohorts [54, 58].

Characteristics of included studies: GO‑FAR score
Seven studies [16, 40–42, 62–64] reporting outcomes 
from seven cohorts (two prospective and five retrospec-
tive cohorts) with a total of 116′673 patients were included 
in the review, of which five external validation cohorts 
[40–42, 62, 63] were available for the evaluation of the 

Fig. 1 Flowchart of the search and screening process
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GO-FAR score’s prognostic performance. The studies were 
performed in the USA (n = 4) [16, 41, 42, 64], in Europe 
(n = 2) [40, 62] and Asia (n = 1) [63]. In accordance with the 
original publication of the GO-FAR score, the vast major-
ity of studies assessed the prognostic performance of the 
GO-FAR score for the prediction of neurological outcome 
(n = 6) [16, 40–42, 62, 63], while one study [64] assessed the 
score’s performance in predicting mortality only. The out-
come was assessed at hospital discharge in all cohorts.

Risk of bias
Twenty-three out of 25 studies [13, 14, 16, 31, 32, 34, 35, 
38, 40–42, 50–56, 58, 59, 61, 63, 64] were found to be at 
high risk of bias (Additional file  1: Table  S1). The high 
risk of bias ratings were due to issues in the “analysis” 
domain. The following three main issues were identi-
fied: First, the failure to include an appropriate number 
of patients (defined as at least 100 participants with the 
less frequent outcome event) [47, 65, 66]. Second, the 
inappropriate handling of missing data, if studies either 
excluded a substantial percentage of patients with miss-
ing outcome data from the analysis or if missing pre-
dictor data was not handled using multiple imputation. 
Third, most of the studies omitted to report calibration 
measures appropriately (Additional file 1: Table S2).

Prognostic performance of the OHCA score
The OHCA score showed a summary C-statistic of 0.83 
(95% confidence interval [CI] 0.81–0.85) across 16 exter-
nal validation cohorts[31, 32, 34, 35, 50–59] (Fig. 2). For 
a meta-analysis of total O:E ratios, nine studies[31, 32, 34, 
35, 50, 52–54, 56] provided sufficient data. The summary 
total O:E ratio was 0.78 (95% CI 0.67–0.92), showing an 
overestimation of poor outcome by the OHCA score 
(Fig.  3). For meta-analysis of the stratum-specific likeli-
hood ratios, the number of studies reporting classifica-
tion measures at the same score cut-offs as the original 
publication was too small.

Prognostic performance of the CAHP score
The CAHP score showed a summary C-statistic of 
0.84 (95%  CI 0.82–0.87) across 14 external validation 
cohorts[14, 35, 38, 51–59, 61] (Fig. 4). For a meta-analy-
sis of total O:E ratios, nine studies[14, 35, 38, 51–55, 58] 
provided sufficient data. The summary total O:E ratio was 
0.78 (95%  CI 0.72–0.84), showing an overestimation of 
poor outcome by the CAHP score (Fig. 5). The stratum-
specific likelihood ratios for poor neurological outcome 
in the low-risk, moderate-risk, and high-risk catego-
ries of the CAHP score were 0.21 (95% CI 0.18–0.26), 
2.22 (95%  CI 1.71–2.88) and 12.43 (95%  CI 5.41–28.56) 
respectively (Additional file 1: Figure S1).

Prognostic performance of the GO‑FAR score
The GO-FAR score showed a summary C-statistic of 
0.78 (95%  CI 0.72–0.84) across five external validation 
cohorts[40–42, 62, 63] (Fig.  6). Five studies[40–42, 62, 
63] provided sufficient data for a meta-analysis of total 
O:E ratios. The summary total O:E ratio was 1.62 (95% CI 
1.28–2.04), showing an underestimation of good out-
come by the GO-FAR score (Fig.  7). For meta-analysis 
of the stratum-specific likelihood ratios, the number of 
studies reporting classification measures at the same 
score cut-offs as the original publication was too small.

Subgroup analyses
Subgroup analyses were conducted to address heteroge-
neity in the inclusion criteria and in the outcome assess-
ment across the validation studies of the OHCA and 
CAHP scores. Both scores showed good discriminatory 
performance across all subgroups with summary C-sta-
tistics being in the range of 0.80 to 0.85. The results are 
summarized in Additional file 1: Table S3 and shown in 
more detail in Additional file 1: Figures S2 to S6.

Sensitivity analyses with exclusion of studies with a 
high risk of bias were not conducted since only two stud-
ies were judged to have low risk of bias overall. Instead, 
a subgroup analysis was conducted, assessing the score 
performance in studies at high risk of bias due to the 
inclusion of an inappropriately small number of patients 
and in studies with an adequately large sample. The 
OHCA and CAHP scores performed similarly in both 
subgroups (Additional file 1: Table S3).

A random-effects meta-regression analysis showed 
no significant correlation between either mean/median 
patient age or percentage of a good outcome and C-sta-
tistic in the validation studies for the OHCA and CAHP 
score (Additional file 1: Figures S7 and S8). For the GO-
FAR score, the number of studies was too small to per-
form subgroup and meta-regression analyses.

Discussion
This systematic review and meta-analysis included 
results from 25 studies with a total of 124′168 patients 
to assess the prognostic performance of the three most 
thoroughly validated CPM for the prediction of mortal-
ity or poor neurological outcome after cardiac arrest. 
The analysis of the pooled data showed good dis-
criminatory performance of the two post-arrest scores 
OHCA and CAHP with both scores performing simi-
larly. An analysis of the overall calibration showed a 
slight overestimation of poor outcome for both scores.

The pre-arrest GO-FAR score showed acceptable dis-
criminatory performance with the analysis of overall 
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calibration showing substantial underestimation of 
good outcome.

Results were similar across all subgroup analyses, indi-
cating that the results presented in this meta-analysis 
are robust and the OHCA and CAHP scores perform 
well in predicting mortality or neurological outcome as 
measured by CPC, with predictions being accurate for 
outcomes assessed at hospital discharge as well as up to 
6 months after cardiac arrest. Meta-regressions of C-sta-
tistics for the OHCA and CAHP score showed that nei-
ther mean patient age nor percentage of observed good 
outcome correlates with the value of the C-statistic in the 
validation studies, indicating that these two scores per-
form well across different populations.

An important finding of this systematic review is the 
observed poor reporting across validation studies, a 
problem that has previously been highlighted [12, 67]. 
Especially calibration measures were found to be fre-
quently missing, and if reported, the choice of reported 
measures was inconsistent.

There is an abundance of literature concerning CPM to 
predict outcomes in patients after cardiac arrest. A sur-
vey of available CPM identified 81 different prognostic 
models [12]. The authors found that novel CPM usually 
performed very good compared with established CPM 
used in other areas, indicating the potential of prognos-
tic models in the prediction of outcomes after cardiac 
arrest [12]. However, only four of the 81 CPM have been 
validated more than twice resulting in the OHCA, CAHP, 
and GO-FAR score being the most thoroughly validated 
CPM [12]. However, the authors did not perform a formal 
meta-analysis of the CPM’s prognostic performance [12].

A recent systematic review by Gue et al.[68] aimed to 
summarise available clinical risk scores and their per-
formance in a similar way, but only included scores with 
survival as the predicted outcome, as the authors deemed 
neurological outcome to be too ambiguous [68]. Eleven 
scoring systems predicting mortality after OHCA were 
identified and their development, calculation and per-
formance summarised briefly. However, a meta-analysis 

Fig. 2 Meta‑analysis of the C‑statistic for the OHCA score. CI Confidence interval; KOCAR King’s Out‑of‑Hospital Cardiac Arrest Registry; OHCA 
Out‑of‑Hospital Cardiac Arrest; REML Restricted maximum likelihood; RFH Royal Free Hospital London
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of score performance measures was not conducted. The 
authors concluded that the scores with the most poten-
tial for clinical usefulness are the OHCA, revised post-
cardiac arrest syndrome for therapeutic hypothermia 
(rCAST) and NULL-PLEASE scores [68]. The rCAST 
score was developed for use in patients treated with 
targeted temperature management only[69] and was 
therefore not included in our meta-analysis. The NULL-
PLEASE score[70] is a CPM very similar to the OHCA 
and CAHP scores and has shown potential in some vali-
dation studies [56, 59, 71, 72].

A systematic review and meta-analysis assessed defi-
nitions of medical futility regarding CPR and the pre-
dictive value of pre-arrest risk scores including the 
GO-FAR score [17]. In a meta-analysis, a GO-FAR score 
of 14 points or higher predicted poor neurological out-
come including death defined as a CPC score of ≥ 2 with 
a pooled specificity of 95%. However, a meta-analysis of 
C-statistics and calibration was not conducted.

The OHCA and CAHP scores have been criticised as 
being too difficult to calculate and therefore impractical 
to use in daily clinical practice [55]. However, there are 
now online calculators available, which render the calcu-
lation of these scores straightforward and easy [73–75]. 
Nevertheless, the issue of frequently missing or inad-
equately reported no-flow intervals remains. Especially 
in cases of unwitnessed cardiac arrest, no-flow times 

frequently cannot be reconstructed. In reaction to this 
criticism, an interesting novel CPM has been developed 
recently: The PROLOGUE score [55]. This CPM does not 
use the no-flow interval but instead includes two clinical 
neurological variables, namely the presence or absence of 
the pupillary light reflex and the GCS motor score, both 
evaluated at hospital admission. The other variables are 
similar to the OHCA and CAHP score’s with some dif-
ferent laboratory parameters included. In the internal 
validation data set, it showed an excellent C-statistic of 
0.94 [55], but so far no external validations have been 
conducted.

A promising alternative to the development of ever 
more novel CPM is to improve established scoring sys-
tems by modifying them. Some studies tried to simplify 
them by omitting difficult to obtain parameters (e.g., 
no-flow interval) from the calculation [57], others added 
variables such as laboratory parameters (e.g., neuron-
specific enolase), electroencephalography or imaging 
findings, or clinical parameters (e.g., GCS motor score) 
with promising results [37, 53, 58]. By modifying estab-
lished scores, such as the OHCA, CAHP and GO-FAR 
scores according to recent scientific evidence and subse-
quently validating them, their predictive value and usa-
bility could be further enhanced and updated.

This review has limitations. First, as calibration meas-
ures were frequently missing, corresponding calibration 

Fig. 3 Meta‑analysis of the total observed versus expected (O:E) ratio for the OHCA score. CI Confidence Interval; KOCAR King’s Out‑of‑Hospital 
Cardiac Arrest Registry; OHCA Out‑of‑Hospital Cardiac Arrest; REML Restricted maximum likelihood
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Fig. 4 Meta‑analysis of the C‑statistic for the CAHP score. CAHP Cardiac Arrest Hospital Prognosis; CI Confidence Interval; KOCAR King’s 
Out‑of‑Hospital Cardiac Arrest Registry; REML Restricted maximum likelihood

Fig. 5 Meta‑analysis of the total observed vs. expected (O:E) ratio for the CAHP score. CAHP Cardiac Arrest Hospital Prognosis; CI Confidence 
Interval; KOCAR King’s Out‑of‑Hospital Cardiac Arrest Registry; REML Restricted maximum likelihood
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measures had to be approximated. Although evidence-
based approaches were used [45, 46], the results have 
to be interpreted cautiously. Furthermore, it is essential 
to note that the total O:E ratio only gives a rough over-
all estimate of calibration. Substantial miscalibration in 

specific risk strata might remain undetected [76, 77]. For 
example, validation studies presenting calibration plots 
usually found underestimation of poor outcome in low-
risk categories, but good calibration in the high-risk cat-
egories for the OHCA score[31, 57]. Before use within a 

Fig. 6 Meta‑analysis of the C‑statistic for the GO‑FAR score. CI Confidence interval; GO‑FAR Good Outcome Following Attempted Resuscitation; 
REML Restricted maximum likelihood

Fig. 7 Meta‑analysis of the total observed vs. expected (O:E) ratio for the GO‑FAR score. CI Confidence interval; GO‑FAR Good Outcome Following 
Attempted Resuscitation; REML Restricted maximum likelihood
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particular population, a validation study and, in case of 
miscalibration, model updating with re-calibration is rec-
ommended [26, 77]. Second, a majority of the included 
studies were rated as being at a high risk of bias, limit-
ing our results’ external validity and generalisability. 
Third, the present study focused on the OHCA, CAHP, 
and GO-FAR scores as it was not the aim to provide a 
systematic review of all available CPM in patients with 
cardiac arrest, but to assess the prognostic performance 
of the most thoroughly validated models as compiled by 
a previous systematic review [12]. Still, this might have 
resulted in selection bias.

A general limitation of prognostic factor research is the 
effect of self-fulfilling prophecy [78–80]. The concern is, 
that the sheer documentation of poor prognosis as such 
leads to a higher probability of poor outcome for the 
respective patient group as it might influence the treat-
ing physicians in their decision-making and may thus 
lead to a premature withdrawal of life-sustaining thera-
pies [78–80]. However, to overcome this problem, treat-
ing physicians would have to be blinded with regard to 
all predictive factors necessary to calculate the CPM 
assessed in the respective study. These factors usu-
ally include clinical and laboratory parameters essential 
for clinical decision-making and thus cannot be with-
held. Therefore, a certain risk of self-fulfilling prophecy 
is imminent to prognostic factor and prediction model 
studies.

On the other hand, this systematic review and meta-
analysis has several strengths. First, it followed a strict 
methodology explicitly developed for prognostic model 
research [26, 28, 45]. Second, the robustness of our data 
was proven by various subgroup analyses, which means 
that it provides reliable evidence about the performance 
of three important cardiac arrest scores. Third, the pre-
sent work compiles evidence from 25 observational 
studies with a total of 124′168 cardiac arrest patients 
underlining its statistical power and external validity.

Conclusion
The OHCA and CAHP scores show good prognostic 
accuracy in predicting poor neurological outcome or 
mortality in patients after cardiac arrest and may help 
to support early discussions concerning goals of care 
and the extent of therapeutic effort. The GO-FAR score 
shows acceptable performance in predicting the chances 
of survival with good neurological outcome in case of an 
in-hospital cardiac arrest in a pre-arrest setting and could 
be a useful tool in code status discussions. Future pre-
dictive research studies should follow current methodo-
logical and reporting guidelines to ensure the validity and 
usability of their results [26, 28, 81, 82].
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