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Abstract

Aim: To evaluate the test accuracy of pre-arrest clinical decision tools for in-hospital cardiac arrest survival 

outcomes.

Methods: We searched Medline, Embase, and Cochrane Library from inception through January 2022 for 

randomized and non-randomized studies. We used the Quality Assessment of Diagnostic Accuracy Studies 

framework to evaluate risk of bias, and Grading of Recommendations Assessment, Development and 

Evaluation methodology to evaluate certainty of evidence. We report sensitivity, specificity, positive 

predictive outcome, and negative predictive outcome for prediction of survival outcomes. PROSPERO 

CRD42021268005.
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Results: We searched 2517 studies and included 23 studies using 13 different scores: 12 studies investigating 

8 different scores assessing survival outcomes and 11 studies using 5 different scores to predict neurological 

outcomes. All were historical cohorts/ case control designs including adults only. Test accuracy for each score 

varied greatly. Across the 12 studies investigating 8 different scores assessing survival to hospital discharge/ 

30-day survival, the negative predictive values (NPVs) for the prediction of survival varied from 55.6% to 

100%. The GO-FAR score was evaluated in 7 studies with NPVs for survival with cerebral performance 

category (CPC) 1 ranging from 95.0% to 99.2%. Two scores assessed survival with CPC ≤2 and these were not 

externally validated. Across all prediction scores, certainty of evidence was rated as very low. 

Conclusions: We identified very low certainty evidence across 23 studies for 13 different pre-arrest 

prediction scores to outcome following IHCA. No score was sufficiently reliable to support its use in clinical 

practice. We identified no evidence for children. 

Introduction

In-hospital cardiac arrest (IHCA) occurs with an incidence of 1-10 per 1,000 hospital admissions.1,2 

Currently, only 20-30 % of adult IHCA patients survive to hospital discharge.3–6 Some of these patients survive 

with unfavourable neurological outcome that may not be valued by the patient.7–9 Several factors including 

older age and comorbidities are associated with potential futility of cardiopulmonary resuscitation 

(CPR).6,10,11 Therefore, it is necessary for healthcare providers to discuss the appropriateness of attempting 

cardiopulmonary resuscitation with patients at risk of cardiac arrest.12

Do-not-attempt-CPR (DNACPR) decisions provide a process to document a clinical or patient decision that an 

individual should not receive resuscitation in the event of cardiac arrest. However, previous studies have 

identified variability in decision-making13,14 and found DNACPR status to be inappropriately associated with 

demographic factors such as gender, ethnicity, and language.15–17 
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A key barrier to making DNACPR decisions is that the prediction of outcome following IHCA can be 

challenging.13,14 Pre-arrest prediction rules may serve as an important decision aid to facilitate DNACPR 

discussions and reduce variability in decision-making. Accordingly, several pre-arrest prediction rules have 

been developed over the years.18,19 However, no systematic reviews have assessed the test accuracy of 

current pre-arrest prediction rules for IHCA. The International Liaison Committee on Resuscitation (ILCOR) 

task force on Education, Implementation, and Teams ranked the topic as a high priority and initiated this 

systematic review in collaboration with the Pediatric Life Support and Advanced Life Support task forces. The 

aim of this systematic review was to assess whether any pre-arrest prediction rule can predict survival 

outcomes following IHCA with sufficient precision to support its implementation in clinical practice.

Methods

This systematic review is reported in accordance with the Preferred Reporting Items for a Systematic Review 

and Meta-analysis of Diagnostic Test Accuracy Studies.20 The review was completed as part of the evidence 

evaluation process of ILCOR’s Education, Implementation, and Teams task force and was registered at the 

International Prospective Registry for Systematic Reviews (PROSPERO CRD42021268005). No ethical 

approval was required to conduct this study.

In accordance with the review process of ILCOR, we used the PICOST format (Population, Intervention, 

Comparison, Outcome, Study Design, Timeframe) to frame this research question: For hospitalized adults 

and children experiencing an in-hospital cardiac arrest (P), does use of any pre-arrest clinical prediction rule 

(I), compared to no clinical prediction rule (C), predict return of spontaneous circulation, survival to hospital 

discharge/ 30-days or survival with favorable neurological outcome (O). We included randomized controlled 

trials and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled 

before-and-after studies, cohort studies, case series where n ≥ 5) in all languages. We excluded editorials, 

commentaries, opinion papers, and conference abstracts (S). We searched Medline, Embase, and Cochrane 
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databases for all years. The search strategy was created and performed by an information specialist on 

January 8th, 2021, and an updated search was conducted on January 13th, 2022 (T). The search strategy is 

described in Appendix 1. 

Definitions

We included studies on pre-arrest clinical prediction rules aiming to predict the chance of surviving (or not 

surviving) an IHCA, with or without favorable neurological outcome. We defined IHCA as any cardiac arrest 

with clinical indication for cardiopulmonary resuscitation (CPR) occurring inside the hospital regardless of the 

underlying cause of the arrest.21 Studies on patients with out-of-hospital cardiac arrest being transported to 

the hospital with ongoing CPR were excluded. We defined pre-arrest clinical prediction rules as a set of clinical 

variables available before a cardiac arrest to predict the chance of surviving a cardiac arrest (+/- favourable 

neurological outcome). Studies utilizing termination of resuscitation rules and post-arrest prediction rules 

were excluded.  

We chose to report predicted survival, as opposed to predicted death, as this is most commonly used 

outcome by ILCOR. Thus, we characterized true positives as a patient surviving that was predicted to survive 

and valued perfect negative predictive values (i.e. no missed survivors). We included the following outcomes: 

return of spontaneous circulation (ROSC), survival to hospital discharge/ 30-day survival, and survival with 

favorable neurological outcome. As studies may use different instruments (e.g. cerebral performance 

category or modified Ranking scale) with different cut-offs to define favourable neurological outcomes, we 

did not pre-specify any strict criteria for this outcome. We prospectively defined the following subgroup 

analyses of interest: paediatric patients vs. adult patients, studies before vs. after 2010, and historical cohorts 

vs. prospective clinical studies. We chose the cut-off of 2010 as studies have found stagnating survival rates 

after 2010 and lower survival rates before 2010.6,22–24
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Data extraction and quality assessment

Following completion of database searches, we reviewed study titles and abstracts, and excluded obviously 

irrelevant papers. We subsequently reviewed full-text papers against study inclusion criteria. At both the 

title/ abstract and full-text screening stage, each paper was independently reviewed by two reviewers using 

Covidence software (Covidence®, Melbourne, Australia). Disagreements were solved by discussion with a 

third reviewer. In the event that key data were not reported, we contacted the corresponding author by 

email and sent a reminder two weeks after in case of no response. Data were extracted on a spreadsheet 

created by the authors to identify study- and patient characteristics and test accuracy outcomes.

Bias assessment 

Bias assessment was conducted independently by two reviewers using the revised framework for Quality 

Assessment of Diagnostic Accuracy Studies (QUADAS-2 tool).25 This framework comprises 4 domains for study 

bias: patient selection, index test, reference standard, and flow and timing and 3 domains for applicability: 

patient selection, index test, reference standard. In case of disagreement regarding risk of bias for any 

domain, consensus was reached by discussion with a third reviewer. One reviewer (TD) was excluded from 

bias assessment to mitigate conflicts of interest as she had published studies that were part of the review.

Data analysis and synthesis

We report positive predictive values (PPV), specificity, sensitivity, negative predictive values (NPV), positive 

likelihood ratios, negative likelihood ratios, and area under receiver operating characteristic curves (AUC) 

with 95% confidence intervals for patient outcomes when possible. We calculated each diagnostic outcome 

with 95% confidence intervals (CI) using Stata version 16.0 (StataCorp LP, College Station, TX, USA). We report 

the AUCs presented in the studies. In case no AUC was presented in the study, we calculated an AUC based 
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on the sensitivity and specificity for the cut-off used. In accordance with the Cochrane handbook, we decided 

not to conduct any meta-analysis of studies investigating the Good Outcome Following Attempted 

Resuscitation (GO-FAR) score due to high risk of bias. Due to serious clinical heterogeneity and high risk of 

bias, no meta-analysis was conducted for the other scores. 

We assessed the overall certainty of evidence using the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) methodology.26 We used the bias domains of the QUADAS tool to feed 

in to the bias part of GRADE, and the applicability part to feed in to directness. We used GRADEpro software 

(McMaster University, 2014) to synthesize the overall risk of bias across studies. 

Results

We identified 2521 studies, of which 23 studies were eligible for inclusion (Fig. 1). Overall, 22 of the included 

studies were historical cohort studies and 1 study utilized a case-control design. Publication dates ranged 

from 1989 to 2021, with 17 studies published after 2010. Studies included only adult patients, no studies 

included paediatric cardiac arrest patients. Studies evaluating scores predicting survival to hospital 

discharge/ 30-day survival included a median of 205 patients (range: 33-656 patients). Studies evaluating 

scores predicting survival with favorable neurological outcome included a median of 863 patients (range: 

287-62131 patients). We identified no studies of scores predicting return of spontaneous circulation. Study 

characteristics are presented in Table 1 and Table 2. Characteristics of each score are presented in 

Supplement 2 and likelihood ratios are presented in Supplement 3. 

Risk of bias assessment and certainty of evidence

Bias assessment performed using the QUADAS-2 framework are presented in Table 3. We rated flow and 

timing as a concern for all studies as factors that contribute to calculation of the clinical prediction (e.g. age, 

co-morbid state) may have informed the decision to terminate resuscitation efforts, thus creating a self-
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fulfilling prophecy.27 Moreover, there was concern about patient selection (including applicability) in several 

studies due to missing data, patient exclusions, single-centre designs, and patient cohorts pre-dating 2010, 

due to lower survival rates compared with more recent cohorts. There was concern about the index test 

(including applicability) in several studies due to lack of pre-specified cut-offs and physiological parameters 

that may change frequently, making the score challenging to apply in the clinical setting. Finally, there was 

risk of bias for the reference standard in studies assessing neurological outcomes as these are at risk of 

subjectivity and inconsistency in reporting. 

The overall certainty of evidence was rated as very low across all scores. Certainty of evidence was 

downgraded for risk of bias, indirectness, imprecision, and inconsistency for all scores (Appendix 4).

Scores predicting survival to hospital discharge/ 30-day survival

We identified 12 studies using 8 different scores to predict survival to hospital discharge/ 30-day survival 

finding NPVs of 55.6-100%.28–39 The pre-arrest morbidity (PAM) score to predict survival to hospital discharge 

was used in 7 cohort studies. 28,29,32–35,38 The studies evaluated different cut-offs to avoid missing survivors 

(i.e. no false negatives) and found NPVs of 92.6-100% with 95% confidence intervals ranging from 47.8.-100% 

(Table 4).

The prognosis after resuscitation (PAR) score to predict survival to hospital discharge was used in 5 smaller 

cohort studies, 3 older studies published 1994-199928,29,33 and 2 more recent studies from 2014 and 2018.35,38 

The studies evaluated different cut-offs to avoid missing survivors and found NPVs of 95.4-100% with 95% 

confidence intervals ranging from 79.6-100% (Table 1). 

Moreover, the following scores were investigated: The modified early warning score (MEWS),31 the National 

Early Warning Score (NEWS),37,39 the Clinical Frailty Scale,36 the APACHE III score,28 a neuronal network 

model,30 and the modified pre-arrest morbidity (MPI) score (Table 1).29,38 In addition, several studies were 

found that did not report data to calculate predictive values with confidence intervals. Limpawattana et al.38 

reported the following predictive values without confidence intervals (predicted death as opposed to 
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survival): A PPV of 92.2, a specificity of 87.8, a sensitivity of 39.2, and a NPV of 28.1 for a PAM score >6 and 

PPV of 89.6, a specificity of 80.5, a sensitivity of 45.7, and a NPV of 28.7 for a MPI score >5. In addition, one 

study reported a PPV of 76, a specificity of 80, a sensitivity of 47, and a NPV of 53 for a MEWS of 7 (prediction 

of death as opposed to survival).28,31

Scores predicting survival with favorable neurological outcome

We identified 11 studies using 5 different scores to predict survival to hospital discharge with favorable 

neurological outcome showing NPVs of 95.0-99.2%.18,40–49 Overall, 6 studies investigated the Good Outcome 

Following Attempted Resuscitation (GO-FAR) score aiming to predict survival to hospital discharge with a 

Cerebral Performance Category (CPC) of 1 (Table 5).18,40,43–45,49 Hong et al. showed a better AUC when adding 

albumin to the GO-FAR score to predict survival with CPC≤2 and reported a sensitivity of 94.1 (95% CI: 87.6-

97.8), a specificity of  11.7 (95% CI: 8.5-15.6), a NPV of 87.0 (95% CI: 73.7-95.1), and a PPV of 24.1 (95% CI: 

20.0-28.6) for prediction of survival to hospital discharge.42 One study derived 5 classification and regression 

trees to predict survival to hospital discharge with a Cerebral Performance Category (CPC) of 1 and two of 

these models were externally validated in a second study (Table 2).46,47 Finally, one study used the GO-FAR 2 

score and one study used the Prediction of outcome for In-Hospital Cardiac Arrest (PIHCA) score to predict 

survival to hospital discharge with a CPC≤2.41,48 

Sub-group analyses

We did not identify sufficient data to undertake our pre-planned sub-group analyses.

Discussion

This is the first systematic review on diagnostic accuracy test studies for pre-arrest prediction of survival for 

IHCA. We identified 23 studies using 13 different pre-arrest prediction rules. We identified no prospective 

implementation of any score and the level of evidence was rated as very low certainty. The most extensively 

validated score was the GO-FAR score that predicted chance of survival to hospital discharge with a CPC of 1 
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resulting in NPVs of 95-99%, albeit with significant statistical uncertainty around the estimate of NPV in some 

studies. We found no studies on clinical prediction rules for paediatric patients.

Pre-arrest prediction rules may be used to facilitate DNACPR discussions, empower patients to express their 

wishes based on objective information, and to make DNACPR decisions. It is widely considered that CPR is 

sometimes initiated even though a DNACPR decision should have been in place due to futility.15,50,51 This 

exposes the patient and their family to the harms of a non-beneficial resuscitation attempt and diverts the 

hospital resuscitation team from their other clinical duties.

If a pre-arrest prediction tool is reliable, clinical implementation could potentially support DNACPR decision-

making and contribute to fewer futile CPR attempts. At the same time, it could reduce variability in decision-

making and contribute to equity in decision-making. However, reliance on a pre-arrest prediction tool whose 

test accuracy is inadequate might lead to more patients not receiving CPR, where it might have been 

beneficial and in line with patient’s values and preferences.

A widely used definition for futility within medical research is a survival chance of <1%.52–54 Accordingly, a 

lower boundary of the 95% confidence interval >0.99 for the NPV may be considered acceptable in some 

instances for a pre-arrest prediction rule.55 However, use of a pre-arrest prediction resulting in 1% of 

potential survivors not being resuscitated may not be universally accepted. Notably, none of the included 

studies had 95% confidence intervals for the NPV or sensitivity >0.99 but the GO-FAR score performed well 

with a NPV >99% in 3 studies, ranging from 96.2-100% for the point estimate in all studies.18,40,42–45,49 

An issue for all of the identified studies is that no prospective implementation was used, and several studies 

were based on patient cohorts from the 1980’s, 90’s, and 2000’s where survival rates were lower compared 

to contemporary cohorts after 2010.6,22–24 As clinicians may have inaccurate expectations about survival 

outcomes and may terminate resuscitative efforts prematurely based on patient characteristics,56,57 the use 

of historical cohorts may induce a self-fulfilling prophesy and lead to a critical risk of bias in the studies.
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Overall, comorbidity scores such as the PAM score and the PAR score performed differently in patient cohorts 

from the 1980’s, 1990’s, and 2000’s.28,29,32,33,35,38 These findings suggest that the scores may not be applicable 

to contemporary patient cohorts. Moreover, the early warning scores such as the NEWS and MEWS were 

overall highly inaccurate for prediction of patient survival and may be used to measure patient deterioration 

but should not be used to predict survival outcomes following cardiac arrest.31,37,39

With 7 studies investigating the GO-FAR score, this is the most extensively validated tool. However, several 

issues should be mentioned in relation to the clinical applicability. First, the score utilizes physiologic 

measures of hypotension and respiratory insufficiency captured within 4 hours before the cardiac arrest as 

part of the score. As these components of the score may fluctuate over time, the overall score may also 

change, making it challenging to use to inform clinical decision-making. Second, the GO-FAR score measures 

survival to hospital discharge with a CPC of 1. Although this outcome may be considered relevant by patients 

and clinicians, the generally used definition of favorable neurological outcome include survival with a CPC of 

2 may be highly valued by patients and relatives.21,58 The GO-FAR 2 score and the PIHCA score aim to predict 

survival with CPC ≤ 2 which resembles the generally used definition of favorable neurological outcome.41,48 

Both scores performed reasonably well in the derivation and internal validation, but the scores have not yet 

been externally validated and utilize physiologic measures as does the GO-FAR score. 

Our review identified several important knowledge gaps. First, there are no prospective implementation 

studies on any pre-arrest prediction model. As such, it would be premature to consider use of any of these 

scores in clinical practice even though a perfect prediction may not be needed to initiate a DNACPR 

discussion. Second, no studies included paediatric patients or were conducted in low resource settings. Third, 

we found no evidence for return of spontaneous circulation and long-term survival outcomes. Fourth, there 

is a knowledge gap linking pre-arrest prediction scores to patient/ relative perspectives. We do not know 

which information the patients would prefer to know regarding the predicted outcomes and which cerebral 

performance categories that would be valued by different patient groups. Finally, scores that utilize 
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physiologic measures within short time intervals before a cardiac arrest are difficult to use in clinical practice 

as they might only indicate the pre-arrest deterioration. A reliable score that may combine elements such as 

acute and chronic comorbidities, admission blood samples, age, and frailty without using vital signs measured 

in the hours before the arrest is needed. 

Limitations

This systematic review included only historical cohort studies and one case control study. In addition, there 

were issues with indirectness and clinical application of the clinical prediction rules resulting in very low 

certainty evidence. There was a large clinical heterogeneity among the included studies and the 

heterogeneity combined with high risk of bias prevented us from conducting meta-analyses. 

Conclusions: 

This systematic review identified very low certainty evidence for 13 different scores to predict survival to 

hospital discharge/ 30 days and favorable neurological outcome. None of these were able to reliably predict 

no chance of survival or favorable neurological outcome. We identified no evidence for children. 
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Table legends

Table 1: Characteristics of studies predicting survival to hospital discharge/ 30-day survival. OR: operating 
room. ED: emergency department. ICU: intensive care unit. IHCA: in-hospital cardiac arrest. MET: medical 
emergency team. MEWS: modified early warning score. NEWS: national early warning score. PAM: pre-
arrest morbidity score. PAR: prognosis after resuscitation. MPI: modified pre-arrest morbidity. CFS: clinical 
frailty scale.

Study design Patient inclusion
Pre-arrest 
prediction 

model

Survival 
to 

hospital 
discarge

Survival with 
favourable 

neurological 
outcome
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Limpawattana 2018:38 single center 
historical cohort from Thailand.

192 adults from 2013-2014. Exclusion: 
Subsequent events during same 

hospitalization.

PAM ≥6, 
PAR (n/a), 

MPI≥5
25.9% n/a

Ohlsson 2014:35 Single center 
historical cohort from Sweden.

287 adults ≥18 years from 2007-2010 
Excluded suicides.

PAR >10 or 
PAM>7

20.2% n/a

Ebell 1997:28 Historical cohort from 3 
US hospitals.

656 adults from 1990-1993. Exlusion: 
arrests in the ED and OR and 

subsequent events.

PAM >8 & 
PAR>8

5.3% n/a

O'Keeffe 1994:33 Sinlge center 
historical cohort from Ireland.

274 adults (index events) in wards, ED, 
and ICU from an unknown 2 year-

period. Exclusion: unknown.

PAR >5 and 
PAM >8

9.1% n/a

Bowker 1999:29 Single center 
historical cohort from the UK.

264 adult index events from 1994-1996. 
Exclusion: None.

PAM >6, 
PAR >7, MPI 

>6
10.6% n/a

George Jr 1989:34 Single center 
historical cohort from the US.

140 adult IHCAs from 1985. Not 
including ED, OR, cath lab.

PAM >8 24% n/a

Cohn 1993:32 Single center historical 
cohort from the US.

43 survivors and 43 non-survivors from 
1986-1991. Exclusion: None mentioned.

PAM >8 50% n/a

Ibitoye 2020:36 Single center historical 
cohort from the UK.

90 adults (>60 years) from 2017-2018 in 
a single center in UK. Exclusion criteria 

not described.
CFS: >4 14% 13%

Ebell 1993:30 Single center historical 
cohort from the US.

218 adult index IHCAs from 1989-1991. 
Exclusion: None mentioned.

Neuronal 
network

15.6% n/a

Stark 2015:31 Single center historical 
cohort from the US.

62 adult, elective surgical patients 
(includes 10 without CA) from 2013-

2014. Exclusion: none mentioned.
MEWS≥7 43.5% n/a

Roberts 2017:39 Single center 
historical cohort from Sweden.

296 adult IHCAs from 2015. Included all 
patients with calculated NEWS score 

within 12h.
NEWS≥7 30% 29.5%

Haegdorens 2020:37 historical cohort 
from 6 hospitals in Belgium.

33 adults from 2014-2015. Exclusion: 
Pregnancy.

NEWS ≥5 57.6% n/a

Table 2: Characteristics of studies predicting survival with favorable neurological outcome. CPC: cerebral 
performance category. CART: classification and regression tree. GO-FAR: good outcome following 
attempted resuscitation. PIHCA: prediction of outcome following in-hospital cardiac arrest. OR: operating 
room. ECMO: extracorporeal membrane oxygenation. GWTG: get-with-the-guidelines. IHCA: in-hospital 
cardiac arrest. MET: medical emergency team. 

Study design Patient inclusion
Pre-arrest 
prediction 

model

Survival to 
hospital 
discarge

Survival with 
favourable 
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neurological 
outcome

Ohlsson 2016:45 Single center 
historical cohort study from Sweden.

287 adults (≥18 years) from 2007-2010. 
Exclusion: suicides.

GO-FAR 
≥24

20.2% 15.7% (CPC1)

Thai 2019:49 Nationwide historical 
cohort study from the US.

62131 adults from 2010-2016 within 
GWTG-R. Exclusion: Patients with 

missing data on CPC or any predictor.

GO-FAR 
≥24

23.3% 15.0% (CPC1)

Cho 2020:44 Single center historical 
cohort study from the UK.

1011 adults from 2013-2017. Exclusion: 
those not resuscitated by the MET and 

traumas.

GO-FAR 
≥24

25.4% 16.0% (CPC1)

Piscator 2018:43 Historical cohort 
study from 6 hospitals in Stockholm.

717 adults (≥18 years) from 2013-2014. 
Exclusion: not described.

GO-FAR 
≥24

28% 22.3% (CPC1)

Ebell 2013:18 Nationwide historical 
cohort using the GWTG registry. 

51420 adults  (≥18 years) from 2007-
2009 within GWTG. Exclusion: not 

described.

GO-FAR 
≥24

18.5% 10.4% (CPC1)

Rubins 2019:40 Single center historical 
cohort study.

403 adults from a single center in the 
US from 2009-2018. Exclusion: ECMO 

patients.

GO-FAR 
≥24

33.0% 17.4% (CPC1)

Hong 2021:42 Single center historical 
cohort from Korea. Predicts survival 

with CPC ≤2.

863 adult IHCAs from 2013-2017. 
Included patients with data on GO-FAR 

and p-albumin.

GO-FAR + 
GO-FAR + 
albumin

n/a 14.7%

George 2020:41 Nationwide historical 
cohort study utilizing the GWTG 

registry.

52468 adults (≥18 years) from 2012-
2017 within GWTG. Exclusion: Arrests in 

the OR, missing data on CPC.

GO-FAR 2 
≥24

n/a 20.8%

Piscator 2019: Multicenter historical 
cohort study.

717 adults (≥18 years) from 6 Swedish 
hospitals in Stockholm, 2013-2014. 

Exclusion: not described.
PIHCA 27.5% 25.2%

Ebell 2013:47 Nationwide historical 
cohort study from the US. Developed 
5 CART models to predict CPC 1. The 2 

best models shown.

52527 adults from the NRCPR registry 
in 2007-2009. Exclusion: Missing 

outcomes. 

CART 
models

n/a 18.1% (CPC1)

Guilbault 2017:46 Single center 
historical cohort study from Sweden. 
Utilized the two CART models from 

Ebell 2013.

287 adults (≥18 years) from 2007-2010. 
Exclusion: not described.

2 CART 
models

n/a 11.9% (CPC1)

Table 3: Quality of bias assessment using the QUADAS-II framework. Green means low risk of bias, yellow 
means unclear risk, red means high risk of bias. 

Risk of bias Applicability concerns
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Patient 
selection

Index test
Reference 
standard

Flow and 
timing

Patient 
selection

Index test
Reference 
standard

Bowker 199929

Stark 201531

O’Keeffe 199433

Limpawattana 201838

Haegdorens 202037

Ohlsson 201435

Ebell 199728

Rubins 201940 

Ebell 201347

George 202041

Thai 201949

Cho 202044

Ibitoye 202036

Piscator 201843

Guilbault 201746

Ohlsson 201645

Piscator 201948

Ebell 201318

Hong 202142

Roberts 201739
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Ebell 199330

George Jr 198934

Cohn 199332

Table 4: Predictive values of  scores predicting survival to hospital discharge/ 30-day survival. Data are 
presented as estimates with 95% confidence intervals. AUC: Area under the receiver operating curve. 
MEWS: modified early warning score. NEWS: national early warning score. PAM: pre-arrest morbidity score. 
PAR: prognosis after resuscitation. MPI: modified pre-arrest morbidity. CFS: clinical frailty scale. *The AUC 
was not reported with a 95% confidence interval in the study.

Study and score Sensitivity Specificity NPV PPV AUC

n/a n/a n/a n/a 0.62 (0.51 to 0.73)

n/a n/a n/a n/a 0.60 (0.49 to 0.71)
Limpawattana 

201838 (PAM ≥6, 
PAR (n/a) or MPI≥5)

n/a n/a n/a n/a 0.63 (0.52 to 0.73)

98.3 (90.8-100) 10.5 (6.8-15.2) 96.0 (79.6-99.9) 21.8 (16.9-27.2) 0.72 (0.65-0.79)
Ohlsson 201435 

(PAR >10 or 
PAM>7) 96.6 (88.1-99.6) 10.9 (7.2-15.7) 92.6 (75.7-99.1) 21.5 (16.7-27.0) 0.60 (0.53–0.67)

100 (98.5-100) 2.7 (1.4-4.8) 100 (71.5-100) 38.4 (34.7-42.3) 0.52*
Ebell 199728    (PAM 

>8 & PAR>8) 97.6 (94.8-99.1) 30.6 (26.2-35.4) 95.4 (90.3-98.3) 46.1 (41.8-50.5) 0.56*

100 (86.3-100) 22.8 (17.8-28.4) 100 (93.9-100) 11.1 (7.3-16.0) 0.74*O'Keeffe 199433 
(PAR >5 and      

PAM >8)
100 (86.3-100) 2.0 (0.6-4.5) 100 (47.8-100) 9.1 (6.0-13.2) 0.67*

100 (87.7-100) 19.9 (15.0-25.6) 100 (92.5-100) 12.9 (8.7-18.1) 0.56 (0.54-0.59)

100 (87.7-100) 28.8 (23.1-35.0) 100 (94.7-100) 14.3 (9.7-20.0) 0.57 (0.55-0.60)
Bowker 199929 

(PAM >6, PAR >7, 
MPI >6) 

100 (87.7-100) 22.5 (17.3-28.3) 100 (93.3-100) 13.3 (9.0-18.6) 0.61 (0.59-0.64)

George Jr 198934 
(PAM >8)

100 (89.7-100) 22.6 (15.1-31.8) 100 (85.8-100) 29.3 (21.2-38.5) 0.61 (0.57-0.65)

Cohn 199332    (PAM 
>8)

100 (92.0-100) 25.0 (12.7-41.2) 100 (69.2-100) 59.5 (47.4-70.4) 0.63 (0.56-0.69)

Ibitoye 202036 (CFS: 
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>4) 100 (75.3-100) 51.9 (40.3-63.5) 100 (91.2-100) 26.0 (14.6-40.3) 0.76 (0.70-0.82)

Ebell 199330 
(Neuronal network)

91.2 (76.3-98.1) 52.2 (44.7-59.6) 97.0 (91.4-99.4) 26.1 (18.4-34.9) 0.77*

Stark 201531 
(MEWS≥7)

n/a n/a n/a n/a 0.78*

Roberts 201739 
(NEWS≥7)

89.3 (80.1-95.3) 31.7 (25.6-38.2) 89.7 (80.8-95.5) 30.7 (24.7-37.3) 0.61 (0.56-0.65)

Haegdorens 202037 
(NEWS ≥5) 

57.9 (33.5-79.7) 71.4 (41.9-91.6) 55.6 (30.8-78.5) 73.3 (44.9-92.2) 0.65 (0.48-0.81)

Table 5: Predictive values of scores predicting survival with favourable neurological outcomes. Data are 
presented as estimates with 95% confidence intervals. AUC: Area under the receiver operating curve CPC: 
cerebral performance category. CART: classification and regression tree. GO-FAR: good outcome following 
attempted resuscitation. PIHCA: prediction of outcome following in-hospital cardiac arrest. OR: operating 
room. ECMO: extracorporeal membrane oxygenation. GWTG: get-with-the-guidelines. IHCA: in-hospital 
cardiac arrest. MET: medical emergency team. *The AUC was not reported with a 95% confidence interval 
in the study.

Study and 
score

Sensitivity Specificity NPV PPV AUC

Ohlsson 201645 
(GO-FAR)

97.8 (88.2-
99.9)

10.3 (6.8-14.9)
96.2 (80.4-

99.9)
16.9 (12.5-

22.0)
0.85 (0.78-

0.91)

Thai 201949 
(GO-FAR)

99.2 (99.0-
99.4)

8.2 (7.9-8.4)
98.4 (97.9-

98.7)
16.1 (15.8-

16.4)
0.75 (0.75-

0.76)

Cho 202044 
(GO-FAR)

99.4 (96.6-100) 11.4 (9.4-13.8) 99.0 (94.4-100)
17.6 (15.2-

20.3)
0.81 (0.78-

0.84)

Ebell 201347 
(Two CART 

96.0 (94.9-
96.9)

24.1 (23.3-
24.8)

97.8 (97.2-
98.3)

14.6 (13.9-
15.2)

0.73*
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models)
94.1 (92.9-

95.2)
29.5 (28.8-

30.3)
97.5 (97.0-

98.0)
14.7 (14.1-

15.4)
0.71*

95.6 (84.9-
99.5)

28.5 (22.9-
34.6)

97.2 (90.2-
99.7)

19.9 (14.8-
25.9)

0.77*
Guilbault 

201746 (Two 
CART models) 95.6 (84.9-

99.5)
36.4 (30.3-

42.8)
97.8 (92.2-

99.7)
21.8 (16.3-

28.3)
0.71*

Piscator 201843 
(GO-FAR)

99.3 (96.1-
100.)

9.7 (6.9-13.1)
97.4 (86.2-

99.4)
28.9 (24.9-

33.1)
0.8 (0.76-0.84)

Ebell 201318 
(GO-FAR)

99.3 (99.0-
99.5)

10.4 (10.1-
10.7)

99.2 (98.9-
99.5)

11.4 (11.1-
11.7)

0.78*

Rubins 201940 
(GO-FAR)

95.7 (88.0-
99.1)

17..1 (13.2-
21.6)

95.0 (86.1-
99.0)

19.5 (15.5-
24.1)

0.68 (0.62-
0.73)

n/a n/a n/a n/a
0.79 (0.74–

0.85)
Hong 202142 

(GO-FAR& GO-
FAR + 

Albumin) n/a n/a n/a n/a
0.80 (0.75– 

0.85)

George 202041 
(GO-FAR2)

98.9 (98.6-
99.1)

6.7 (6.4-6.9)
95.7 (94.9-

96.4)
21.8 (21.4-

22.2)
0.69*

Piscator 2019 
(PIHCA)

99.4 (96.8-100) 8.4 (6.0-11.3)
97.4 (86.5-

99.9)
29.4 (25.7-

33.2)
0.81 (0.81-

0.81)
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Supplement legends

Supplement 1: Search strategy used for Embase.

Supplement 2: Characteristics of each of the included scores. MEWS: modified early warning score. NEWS: 
national early warning score. PAM: pre-arrest morbidity score. PAR: prognosis after resuscitation. MPI: 
modified pre-arrest morbidity. CFS: clinical frailty scale. CART: classification and regression tree. GO-FAR: 
good outcome following attempted resuscitation. PIHCA: prediction of outcome following in-hospital 
cardiac arrest. 

Supplement 3: True positives, false positives, true negatives, false negatives, positive likelihood ratio, and 
negative likelihood ratio for studies predicting survival to hospital discharge (Supplement 3A) and studies 
predicting survival with favourable neurological outcome (Supplement 3B). Studies without data on 
positives and negatives were marked as n/a for likelihood ratios.

Supplement 4: Evidence tables for each score describing the downgrading for risk of bias, indirectness, 
inconsistency, imprecision, and other considerations.  

Search strategy EMBASE

No
.

Query

#1 resuscitation:ti,ab,kw OR cpr:ti,ab,kw
#2 'do not resuscitate':ti,ab,kw OR dnacpr:ti,ab,kw OR dnar:ti,ab,kw
#3 'cardiac arrest':ti,ab,kw OR 'heart arrest':ti,ab,kw OR 'cardiopulmonary arrest':ti,ab,kw OR 'cardio-

pulmonary arrest':ti,ab,kw OR 'pre-arrest$':ti,ab,kw OR 'prearrest':ti,ab,kw OR 'arrest in 
hospital':ti,ab,kw OR 'in-hospital arrest$':ti,ab,kw OR ihca:ti,ab,kw OR 'ih-ca':ti,ab,kw

#4 #1 OR #2 OR #3
#5 #4 NOT ([conference abstract]/lim OR [conference review]/lim OR [editorial]/lim OR [erratum]/lim 

OR [letter]/lim OR [note]/lim OR [book]/lim OR 'case report'/de)
#6 #5 NOT ([animals]/lim NOT [humans]/lim)
#7 #6 AND [1990-2021]/py
#8 (((clinical OR predict* OR prognos*) NEAR/2 (rule$ OR score$ OR tool$ OR decision OR aid$ OR 

instrument$ OR model$)):ti,ab,kw) OR 'decision aid':ti,ab,kw
#9 go-far':ti,ab,kw OR 'good outcome following attempted resuscitation':ti,ab,kw
#1
0

#8 OR #9

#1
1

#7 AND #10

#1
2

#11 AND ('systematic review'/de OR 'systematic review':ti)
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#1
3

#11 NOT #12

Supplement 3A: Likelihood ratios of scores predicting survival to hospital discharge

Study and score True 
positives

True 
negatives

False 
positives

False 
negatives

Negative likelihood 
ratio

Positive 
likelihood ratio

Ibitoye 202031 (CFS: >4) 13 40 37 0 0.07 (0.00-1.05) 2.01 (1.56-2.58)
    n/a n/a
    n/a n/a

Limpawattana 201833 
(PAM ≥6, PAR (n/a) or 

MPI≥5)     n/a n/a

Haegdorens 202032 
(NEWS ≥5) 11 10 4 8 0.59 (0.32-1.10) 2.03 (0.81-5.05)

57 24 205 1 0.16 (0.02-1.19) 1.10 (1.04-1.16) 
Ohlsson 201430 (PAR >10 

or PAM>7) 56 25 204 2 0.32(0.08-1.30) 1.08 (1.01-1.16) 

35 11 610 0 0.75 (0.05-12.50) 1.00 (0.97-1.05)
Ebell 199723 (PAM >8 & 

PAR>8) 29 125 496 6 0.85 (0.40-1.79) 1.04 (0.89-1.21)

25 59 200 0 0.08 (0.01-1.32) 1.27 (1.17-1.39)
O'Keeffe 199428 (PAR >5 

and PAM >8) 25 5 249 0 0.89 (0.05-15.68) 1.00 (0.95-1.06) 

47 28 189 0 0.08 (0.00-1.28) 1.15 (1.09-1.21)
68 28 168 0 0.05 (0.00-0.81) 1.17 (1.10-1.24)Bowker 199924 (PAM >6, 

PAR >7, MPI >6) 
53 28 183 0 0.08 (0.00-1.20) 1.29 (1.20-1.38) 
    
    Stark 201526 (MEWS≥7)
    

n/a n/a

Roberts 201734 (NEWS≥7) 67 70 151 8 0.34 (0.17-0.67) 1.31 (1.16-1.47)

Ebell 199325 (Neuronal 
network) 31 96 88 3 0.17 (0.06-0.50) 1.91 (1.59-2.29)

George Jr 198929 (PAM 
>8) 34 24 82 0 0.06 (0.00-1.00) 1.29 (1.17-1.43)

Cohn 199327 (PAM >8) 44 10 30 0 0.04 (0.00-0.72) 1.33 (1.11-1.59)
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Supplement 3B: Likelihood ratios of scores predicting survival with favorable neurological 
outcome

Study and score True 
positives

True 
negatives

False 
positives

False 
negatives

Negative 
likelihood ratio

Positive likelihood 
ratio

Ohlsson 201640 (GO-FAR) 44 25 217 1 0.22 (0.03-1.55) 1.09 (1.03-1.16)

Thai 201944 (GO-FAR) 9275 4313 48471 72 0.09 (0.07-0.12) 1.08 (1.08-1.08)

Cho 202039 (GO-FAR) 161 97 752 1 0.05 (0.01-0.38) 1.12 (1.09-1.15) 

1649 3063 9654 69 0.17 (0.13-0.21) 1.26 (1.25-1.28) Ebell 201342 (Two CART 
models)

1617 3926 8791 101 0.19 (0.16-0.23) 1.36 (1.34-1.38)

43 69 173 2 0.16 (0.04-0.61) 1.34 (1.21-1.48)
Guilbault 201741 (Two 

CART models)
43 88 154 2 0.12 (0.03-0.48) 1.50 (1.34-1.68)

Piscator 201838 (GO-FAR) 140 37 345 1 0.07 (0.01-0.53) 1.10 (1.06-1.14)

Ebell 201318 (GO-FAR) 5293 4762 41149 37 0.07 (0.05-0.09) 1.11 (1.10-1.11)

Rubins 201935 (GO-FAR) 67 57 276 3 0.25 (0.08-0.78) 1.15 (1.08-1.24)

n/a n/aHong 202137 (GO-FAR& 
GO-FAR + Albumin)

    n/a n/a

George 202036 (GO-FAR2) 10808 2771 38765 124 0.17 (0.14-0.20) 1.06 (1.06-1.06)

Piscator 2019 (PIHCA) 173 38 416 1 0.07 (0.01-0.50) 1.09 (1.05-1.12)
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