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Abstract

IMPORTANCE Termination of resuscitation (TOR) rules may help guide prehospital decisions to stop
resuscitation, with potential effects on patient outcomes and health resource use. Rules with high
sensitivity risk increasing inappropriate transport of nonsurvivors, while rules without excellent
specificity risk missed survivors. Further examination of the performance of TOR rules in estimating
survival of out-of-hospital cardiac arrest (OHCA) is needed.

OBJECTIVE To determine whether TOR rules can accurately identify patients who will not survive
an OHCA.

DATA SOURCES For this systematic review and meta-analysis, the MEDLINE, Embase, CINAHL,
Cochrane Library, and Web of Science databases were searched from database inception up to
January 11, 2024. There were no restrictions on language, publication date, or time frame of

the study.

Key Points

Question Can termination of
resuscitation (TOR) rules accurately
identify patients who will not survive an
out-of-hospital cardiac arrest?

Findings This systematic review and
meta-analysis identified 43 studies
describing the performance of TOR
rules, but evidence concerning the
ability of TOR rules to discriminate
between those patients who will die and
those who will survive was lacking. The
available studies provided low-certainty
evidence suggesting that the universal
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Abstract (continued)

had data to facilitate meta-analysis. One clinical study was identified. The universal termination of
resuscitation rule had the best performance, with pooled sensitivity of 0.62 (95% Cl, 0.54-0.71),
pooled specificity of 0.88 (95% Cl, 0.82-0.94), and a diagnostic odds ratio of 20.45 (95% Cl, 13.15-
31.83).

CONCLUSIONS AND RELEVANCE In this review, there was insufficient robust evidence to support
widespread implementation of TOR rules in clinical practice. These findings suggest that adoption of
TOR rules may lead to missed survivors and increased resource utilization.

JAMA Network Open. 2024;7(7):€2420040. doi:10.1001/jamanetworkopen.2024.20040

Introduction

The incidence of out-of-hospital cardiac arrest (OHCA) in Europe is 67 to 170 per 100 000
inhabitants.! Emergency medical services (EMS) personnel attempt resuscitation in 50% to 60% of
cases and survival to discharge is 8% (range, 0%-18%).! The decision to discontinue resuscitation is
challenging. Influencing factors include decisional conflict,> cardiac arrest location,?* medicolegal
concerns,? psychological comfort,* experience,* knowledge of survival outcomes,* and education.”
Termination of resuscitation (TOR) rules have been developed to inform decision-making.® These
rules have the potential to affect patient outcomes and health resource use. Rules with poor
specificity risk premature discontinuation of resuscitation. Rules with high sensitivity increase the
number of futile transports and consume valuable health resources.

The International Liaison Committee on Resuscitation identified the evaluation of TOR rules for
OHCA as a high priority.® A review of in-hospital TOR rules was published previously.'® Therefore,
this study sought to evaluate the performance of TOR rules in OHCA.

Methods

This systematic review and meta-analysis followed the Preferred Reporting Items for a Systematic
Review and Meta-Analysis of Diagnostic Test Accuracy Studies (PRISMA-DTA) statement. The
protocol is registered with the International Prospective Register of Systematic Reviews
(CRD42019131010).

We followed best practice recommendations for analyzing systematic reviews of diagnostic
tests advocated by the Cochrane Screening and Diagnostic Tests Methods Group.” We utilized test
evaluation methods, rather than prognosis analysis methods, because these are easier to understand
and there is precedent for using this approach.’?™ The reference standard (died or survived) is a
dichotomous outcome that occurs soon after the index test (TOR rule prediction) is applied.
Consequently, follow-up time for TOR rules is minimal. Unlike test evaluation methods, prognosis
analysis methods include consideration of follow-up time and are therefore less appropriate for
analysis of TOR rules.

Eligibility Criteria

We included systematic reviews, meta-analyses, randomized clinical trials, case-control studies,
cohort studies, cross-sectional studies, retrospective analyses, and modeling studies. Systematic
reviews and meta-analyses were reviewed to identify primary studies. We excluded studies that
predicted outcomes other than death or included only post-return of spontaneous circulation
(ROSC) populations, non-peer-reviewed studies, in-hospital studies, and animal studies.
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Literature Search

We searched the MEDLINE, Embase, CINAHL, Cochrane Library, and Web of Science databases from
inception up to January 11, 2024 (eTables 1-6 in Supplement 1). Reference lists were scrutinized, and
subject area experts were contacted to identify missed studies. There were no restrictions on
language, publication date, or time frame of the study.

Study Selection

Duplicate records were removed. Screening occurred in 2 stages. First, 2 reviewers (1.G. and A.C.)
independently reviewed each title and abstract and rated them as “include” or “exclude.” Any record
rated as include by either reviewer was considered in stage 2. All other records were rejected as
irrelevant. In stage 2, the reviewers (I.G. and A.C.) assessed the full text of the remaining records.
Records rated as include by both reviewers were included, whereas those excluded by both
reviewers were rejected as irrelevant. Where reviewers disagreed, this was resolved by consulting a
third reviewer (M.A.S.).

Data Extraction

Data were extracted using a predefined, piloted data extraction form by 1reviewer (M.A.S.) and were
checked by a second reviewer (either |.G. or A.C.). The data extraction form included study
characteristics and contingency tables. If contingency data were not reported, they were calculated
from sensitivity, specificity, and prevalence.

Quality Assessment

Risk of bias was independently assessed by 2 reviewers (1.G. and A.C.) using either the ROBINS-I (Risk
of Bias in Nonrandomised Studies of Interventions) tool™ or the Cochrane RoB 2 (Revised Risk of Bias
for Randomized Trials) tool'® and the QUADAS-2 (Revised Quality Assessment Tool for Diagnostic
Accuracy Studies) risk of bias and applicability concerns checklist.” The Deeks funnel plot asymmetry
test was used to identify publication bias. We did not calculate an /? statistic because this is not
recommended for systematic reviews of test accuracy.'® To assess heterogeneity, we assessed the
symmetry of the summary receiver operating characteristic (SROC) curve and calculated the
correlation coefficient.'® We adopted the Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) Working Group methodology to determine certainty of evidence.2®

Outcomes

For outcomes, we adopted Morrison's'? recommendation to code death as the true positive. A true
positive indicates stop resuscitation and the patient dies, a false positive indicates stop resuscitation
but the patient survives (missed survivors), a true negative indicates continue resuscitation and the
patient survives, and a false negative indicates continue resuscitation but the patient dies (futile
resuscitations).

Statistical Analysis

We analyzed derivation, external validation, and clinical studies separately. Derivation studies use
regression methods and develop rules “trained"” to the available dataset. External data validation
studies evaluate TOR rules in a different dataset to assess generalizability, modeling ideal
performance and avoiding the complexities introduced by clinician interaction. Clinical studies
describe TOR rule performance in routine clinical practice. Meta-analysis of derivation, validation,
and clinical studies together has the potential to bias estimates of TOR rule performance in clinical
practice.

Statistical analysis was performed in R Studio, version 1.2.5042 (R Project for Statistical
Computing),?' using several packages. Univariate analysis required contingency table data to
calculate summary estimates using epiR, version 2.0.65.22 We used Meta, version 6.2-1,2% to generate
the Deeks funnel plot. We conducted a bivariate random-effects meta-analysis using a generalized
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linear mixed model as advocated by Reitsma et al.>* We calculated the area under the curve (AUC)
and produced bivariate SROC curves using Metafor, version 4.0-0.'° We calculated pooled sensitivity,
specificity, and diagnostic odds ratios (DORs) using Meta, version 6.2-1.%3 Estimates of effects at

[>> and

different prevalence levels were calculated using the GRADEPro Guideline Development Too
were subsequently used to estimate the effects of TOR rules by calculating terminate and transport
rates, miss rates, miss frequency, survivor rates, survivor frequency, and futile transport rates.
Numbers of cases (in lieu of patients) are reported, because several studies used the same database,
which meant patients could be counted more than once. Statistical significance was established at

P < .05 (2-tailed).

Results

The database searches yielded 10 399 records. No additional studies were identified by searching
reference lists or contacting subject experts. After deduplication, 7266 records remained. First-pass
title and abstract screening yielded 131 potentially eligible studies. After the second-pass full-text
screening, 43 studies2®®® remained (Figure 1).

Study Characteristics

No randomized clinical trials were identified. This review included 43 nonrandomized studies
involving 1125 587 cases from 11 different countries. Publication dates spanned 1993 to 2023. There
was substantial variation in study populations and prevalence across the included studies

(eTables 7-9 in Supplement 1). Most studies reported death prior to hospital discharge; however, 1

30.3755 whereas the

study utilized death within T month.3® Three studies collected data prospectively,
remainder utilized retrospective datasets. A summary of each study and a description of each TOR
rule is provided in eTables 10 and 11, respectively, in Supplement 1.

Several studies have incorrectly reported efficacy of the basic life support (BLS) TOR rule. The
BLS and UTOR rules use the same variables, but the BLS TOR rule captures use by BLS responders
only.®® When the BLS TOR rule is applied within systems deploying clinicians operating above the BLS
level, it should be reported as the UTOR rule.>* Multiple studies reporting BLS TOR rule performance
included responders who operated above the BLS level 2733:36:4142:46:4758,60.64.68 Hg\yayer,
clinicians providing BLS cannot administer adrenaline or undertake advanced airway interventions.
They therefore experience lower rates of ventricular fibrillation and return of spontaneous circulation
(ROSC)—both variables of the BLS and UTOR rules. To accurately describe the performance of the

Figure 1. Study Flow Diagram

10399 Records identified from MEDLINE,
Embase, CINAHL, Cochrane Library,
and Web of Science databases

‘ 3133 Duplicates removed ‘

7266 Underwent title and abstract screening ‘

} 7135 Excluded ‘

131 Retrieved for full-text review and
assessed for eligibility 88 Excluded
7 Editorials
2 Education
2 Machine learning
6 Guidelines
4 In-hospital studies
7 Post-ROSC outcome
4 Neurologic outcome
56 Other reasons ROSC indicates return of spontaneous circulation

populations.

43 Studies included in review
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BLS TOR and UTOR rules, we reclassified the aforementioned studies to facilitate accurate meta-
analysis.

Risk of Bias

Summary risk of bias and individual study risk of bias are reported in eFigures 1and 2, respectively, in
Supplement 1. There was substantial concern for patient selection, as many studies excluded
subsections of the cardiac arrest population. Low risk of bias for the reference standard was expected
due to the unambiguous nature of the outcome being assessed—the patient either lives or dies.
These data are commonly reliable and readily confirmed. High risk of bias in flow and timing relates
to concerns for verification bias; several studies were conducted in EMS systems practicing TOR,
creating a self-fulfilling prophecy.

Publication Bias

We generated a Deeks funnel plot for each TOR rule with 4 or more studies (the minimum required
for computation).®® Asymmetry in the plot indicates potential publication bias.®® The generated
plots (eFigure 3 in Supplement 1) suggested no concern for publication bias for the advanced life
support (ALS) and UTOR rules. Publication bias may be a concern for the BLS rule; however, this was
uncertain because there were few included studies. Insufficient data prevented generation of Deeks
plots for the Marsden, Petrie, Goto 1, and Shibahashi 1 TOR rules.

Derivation Studies

We identified very low-certainty evidence (downgraded for risk of bias, inconsistency, imprecision,
and indirectness) from 15 observational studies?®- 2 34:36.40. 41,44, 49,51.53,59,64, 65.68.70 jnyolying
198 442 cases. These studies reported the derivation of 20 unique TOR rules. eTable 7 in
Supplement 1 presents their sensitivity and specificity with 95% Cls. Because each derivation rule is
distinct, meta-analysis is not appropriate and no heterogeneity assessment was undertaken.

External Validation Studies
We identified very low-certainty evidence (downgraded for risk of bias, inconsistency, imprecision,

indirectness, and publication bias) from 33 observational studies?” 28 30-33.35-39,41-43,45-50,52-54.56-58,

60.62:64.66-68 jny0lving 927 534 cases. These studies reported external data validations of 17 TOR
rules. eTable 8 in Supplement 1 presents their sensitivity and specificity with 95% Cls. Within these
33 studies, we identified 7 TOR rules (BLS, ALS, UTOR, Marsden, Petrie, Shibahashi 1, and Goto 1) for
which meta-analysis was possible.

Bivariate SROC curves are shown in Figure 2 for the BLS, ALS, and UTOR rules and in eFigure 4
in Supplement 1 for the remaining rules. Correlation coefficients for the BLS, ALS, and UTOR rules
were -0.77, -0.65, and -0.72, respectively, suggesting that heterogeneity between studies was not
a notable concern. It was not possible to reliably estimate correlation coefficients for the Marsden,
Petrie, Goto 1, and Shibahashi 1 TOR rules because there were insufficient studies. Our meta-analysis
suggests that the Petrie rule performed poorly (AUC, 0.56), whereas the ALS rule failed to reach
acceptable standards (AUC, 0.63). Both the BLS (AUC, 0.79) and Shibahashi 1 (AUC, 0.75) rules
achieved acceptable performance, whereas the UTOR (AUC, 0.85), Marsden (AUC, 0.81), and Goto 1
(AUC, 0.85) rules had excellent performance (Figure 2 and eFigure 4 in Supplement 1). Pooled
estimates of effect are reported in Table 1, a summary of findings with estimates of effect is reported
in Table 2, and estimated performance at different prevalence rates is reported in Table 3.

Clinical Studies

We identified very low-certainty evidence (downgraded for indirectness) from 1 Canadian study®>>
involving 954 cases (eTable 9 in Supplement 1). This study described the clinical validation of the BLS
rule.>® The study had sensitivity of 0.64 (95% Cl, 0.61-0.68), specificity of 1.00 (95% Cl, 0.92-1.00),
and positive predictive value of 1.00 (95% Cl, 0.99-1.00). The BLS rule recommended transport for
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367 of 953 cases (38.5%); of these 367, 44 (12.0%) survived to discharge and 323 (88.0%) died in
the hospital. The BLS rule recommended TOR for the remaining 586 cases; however, resuscitation
was terminated for only 388 (66.2%). Ambulance crews transported 198 patients to the hospital

despite the recommendation of the BLS rule to stop resuscitation; none of these patients survived.

Figure 2. Bivariate Summary Receiver Operating Characteristic (SROC) Curves
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ALS indicates advanced life support; AUC, area under the curve; BLS, basic life support; UTOR, universal termination of resuscitation.

Table 1. Pooled Summary Estimates for External Data Validation Studies

TOR rule 's\lt(zl'd(i);s Sensitivity (95% Cl) Specificity (95% CI) DOR (95% Cl)

BLS 6 0.66 (0.59-0.74) 0.81(0.70-0.91) 13.70 (3.76-49.83)
ALS 17 0.27 (0.20-0.34) 0.96 (0.93-0.99) 9.21(5.77-14.69)
UTOR 19 0.63 (0.54-0.72) 0.88(0.81-0.94) 21.86(13.81-34.60)
Marsden 2 0.42 (0-0.86) 0.97 (0.88-1.00) 44,97 (5.54-365.23)
Petrie 2 0.21 (0-0.43) 0.98 (0.93-1.00) 20.05 (2.14-187.57)
Goto 1 2 0.46 (0.32-0.61) 0.93 (0.90-0.97) 12.33(10.96-13.86)
Shibahashi 1 2 0.30(0.17-0.41) 0.96 (0.93-0.99) 9.51(7.70-11.75)

Abbreviations: ALS, advanced life support; BLS, basic
life support; DOR, diagnostic odds ratio; UTOR,
universal termination of resuscitation.
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Discussion

To our knowledge, this review is the first to analyze studies by derivation, external data validation,
and clinical categories to minimize the bias that may be introduced by pooling these categories. This
meta-analysis is also the first, to our knowledge, to reclassify studies incorrectly reporting the
efficacy of the BLS rule rather than the UTOR rule, enabling an accurate performance assessment of
these 2 TOR rules by their intended clinician populations. Finally, our study is the only meta-analysis
to date to estimate TOR rule performance at different prevalence levels (88%, 90%, and 92% [12%,
10%, and 8% survivall).

The TOR rules are intended to differentiate between those patients for whom resuscitation can
be safely discontinued and those who might benefit from further (hospital) treatment.?®
Traditionally reported metrics to describe TOR rule performance include sensitivity, specificity,
positive predictive value, transport rate, and miss rate. These metrics frame the performance of the
TOR rule with respect to patient safety (how many potential survivors are missed) and resource
utilization (reduced number of hospital transports).

Early TOR rule studies reported 100% specificity. However, it may be unrealistic to expect a TOR
rule with 100% specificity that does not miss any potential survivors.'? This argument asserts that
the ethically acceptable threshold for medical futility is 1% and that specificity of 99% (a miss rate of
1%) should therefore represent acceptable TOR rule performance.”’ Conversely, the European
Resuscitation Council argued that success rates of less than 1% still justify a resuscitation effort,
questioning the acceptability of a 1% miss rate.”? Our analysis suggests that miss rates could range
from 0.1% (95% Cl, 0%-0.4%) for the Petrie rule to 1.8% (95% Cl, 1.2%-2.3%) for the BLS rule
(assuming 8% survival; Table 3).

Studies on TOR rules frequently report statistically significant reductions in transport rates.
1€ reported
that the ALS rule recommended transport for 94% of cases in a system that only transported 54%

However, these estimates seldom reflect practice in Western EMS systems. Verhaert et a

of cases. The most recent data from English ambulance services show that 41.7% of cases were
transported to the hospital.”® Our analysis suggests that transport rates would vary from 34.1%
(range, 30.6%-36.5%) for the BLS rule to 80.6% (range, 71.5%-100%) for the Petrie rule when
prevalence is 8% (Table 3). Lower transport rates most likely occur because clinical practice
guidelines provide additional scope not to start resuscitation in cases in which it would be futile, for
patients with terminal illness, or where the patient has expressed a wish not to be resuscitated.
Current TOR rules lack this flexibility.

Of the TOR rules identified in our meta-analysis, the BLS rule could not be implemented in the
UK because the EMS system utilizes ALS-level paramedics. Neither the Goto 1and Shibahashi 1 TOR
rules could be implemented legally because they both discriminate by age and would contravene
the UK Equality Act of 2010.7* The ALS, Goto 1, and Marsden TOR rules include bystander
cardiopulmonary resuscitation (CPR) as a variable, requiring continued resuscitation (eTable 11in
Supplement 1). Currently, bystander CPR rates in England approach 70%, suggesting that these rules
may be less helpful in a UK context because they will automatically recommend that the majority of
patients be transported. Of the remaining TOR rules examined in this review, the Petrie TOR rule had
the best specificity but poor sensitivity. We found that the UTOR rule had the best sensitivity and
DOR (Table 1). Based on both our AUC and DOR data, the UTOR rule had the best performance.

Our analysis suggests that the UTOR rule would miss 1.0% (95% Cl, 0.6%-1.3%) of survivors
(8% survival; Table 3). This means that 1survivor would be missed for every 100 (95% Cl, 78-167)
resuscitation attempts. Paramedic exposure to cardiac arrest is low (range, 2-5 cardiac arrests per
year).”>”7 If a paramedic attended 3 cardiac arrests per year, then each paramedic would miss a
survivor every 33.3 years. However, if survival were to improve to 10% (90% prevalence), then the
miss rate would increase to 1.2% (higher than the "acceptable” 1% miss rate”"), equating to an
additional 68 missed survivors annually in England (based on 2021 data).” Similarly, at 12% survival
(88% prevalence), the miss rate would rise to 1.5%, equating to 170 missed survivors. In the context
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of only 2700 cardiac survivors nationally, the number of missed survivors is not insignificant and is
unlikely to be deemed acceptable.

Unfortunately, common TOR rule metrics also overlook incorrect (false-negative)
recommendations to continue resuscitation. This may be driven by a belief that continuing
resuscitation to the hospital is not harmful. However, recent data indicate that transporting patients
during resuscitation is associated with reduced probability of survival compared with resuscitation
on scene.”® Furthermore, Wampler et al”® reported that survival was rare where ROSC was not
achieved before initiating transport. International guidelines now recommend against routine
transportation to the hospital unless needed to access treatment that EMS cannot provide on scene
or when legal or cultural considerations mandate transfer.®° Transporting patients for whom
resuscitation is futile is not benign: it consumes scarce emergency department resources and
increases risk for ambulance clinicians. Up to 81.4% of work-related injuries among ambulance staff
have been attributed to ambulance collisions.®"2 Compared with vehicles of a similar size,
ambulance collisions occur more frequently,®? involve a greater number of casualties, and are more
likely to result in substantial injury.®*

Our findings suggest that in addition to mitigating risk, reducing futile transport will also realize
financial benefits. At 8% survival, the UTOR rule recommends futile transport in 35% (95% Cl,
32%-36%) of cases (Table 3). Recent data indicate that this equates to 11900 futile transports in
English EMS systems annually.”® Cost-effectiveness data from the PARAMeDIC2 trial suggested that
death at the scene was associated with mean (SD) ambulance costs of £1793.89 (£1056.61) (US
$2279.63 [$1342.71]), whereas transported patients who died within 24 hours had associated mean
(SD) ambulance service costs of £1507.69 (£562.56) (US $1915.93 [$714.89]) and hospital costs of
£682.44 (£1515.93) (US $867.23 [$1926.411).8° This finding implies an incremental cost of £396.24
(US $503.53) associated with death following transport. Minimizing futile transport rates therefore
has the potential to realize substantial savings. In England, the UTOR rule would incur potentially
avoidable costs of £4.7 million (95% Cl, £4.3-4.9 million) (approximately US $5.10 million [95% CI, US
$5.5-6.2 million]), assuming 34 000 resuscitation attempts each year (assuming 8% survival).”

Limitations

This review has the following limitations. All included studies were observational in design, and the
majority were retrospective in nature. This limitation has important implications for the quality of the
evidence and inferences that can be made from these data. We excluded studies of TOR rules
predicting favorable neurologic outcomes rather than death, because patients, families, and
communities place different value on survival with poor neurological outcome. Furthermore,
estimation of neurological outcome at discharge or 30 days is unreliable due to improvements seen
in postresuscitation care.8® Rigorous synthesis of the literature was further limited by heterogeneity
in the populations studied, differences in the scope of practice of EMS personnel, diverse EMS
system design, substantial variation in the quality of CPR and the prevalence of resuscitation
outcomes, differences in how decisions are made to cease resuscitation, and the inherent risk of TOR
rules creating a self-fulfilling prophecy.

Conclusions

The findings of this systematic review and meta-analysis suggest that there is very low-certainty
evidence concerning the ability of TOR rules to discriminate between patients who will die and those
who will survive. The literature comprises mainly derivation and external data validation studies.
Clinical studies are almost nonexistent. Our findings suggest that TOR rules may miss substantial
numbers of survivors. In addition, futile transport is not consistent with evidence-based practice; it
reduces the likelihood of survival, increases risk, consumes scarce emergency department resources,
and incurs substantial avoidable costs. Therefore, we suggest that there is an urgent need to review
the role of TOR rules.
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