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Abstract

Objectives:Despite the significant disease burden due to cardiac arrest, there is a rel-

ative paucity of randomized controlled trials (RCTs) to inform definitive management.

We aimed to evaluate the current scope of cardiac arrest RCTs published between

2015 and 2022.

Methods: We conducted a search in October 2023 of MEDLINE, Embase, and Web

of Science for cardiac arrest RCTs. We included trials published between 2015 and

2022 enrolling human subjects suffering from non-traumatic cardiac arrest. Descrip-

tive statistics were reported and the Mann Kendall test was used to evaluate for

temporal trends in the number of trials published annually.

Results: We identified 1764 unique publications, 87 RCTs were included after

title/abstract and full-text review. We found no significant increase in trials published

annually (eight in 2015 and 16 in 2022, p = 1.0). Geographic analysis of study centers

found 31 countries represented; Denmark (n = 13, 15%) and the United States (n = 9,

10%) conducted the majority of trials. Nearly all trials included adults (n = 84, 97%)
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and few included children (n=9, 10%). Themajority of trials focused onout-of-hospital

cardiac arrest (n = 62, 71%). Thirty-eight (44%) trials used an intervention character-

ized as a process improvement; 28 (32%) interventions were characterized as a drug and

20 (23%) as a device. Interventions were implemented with similar frequency in the

prehospital (33%) and intensive care unit (38%) setting, as well as similarly between

the intra-arrest (53%) and post-arrest (46%) periods. Twenty (27%) trials selected a

primary outcome of survival at≥ 28 days.

Conclusions: Publication of cardiac arrest RCTs remained constant between 2015 and

2022. We identified significant gaps including a lack of trials examining in-hospital

cardiac arrest and pediatric patients.
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1 INTRODUCTION

1.1 Background

Cardiac arrest represents a significant public health burden through-

out the world. There are approximately 294,000 EMS-treated out-

of-hospital cardiac arrests (OHCA) and 292,000 in-hospital cardiac

arrests (IHCA) amongadults in theUnitedStates annually, and similarly

high incidence of OHCA and IHCA worldwide.1–5 For cardiac arrest

cases, the rate of survival is approximately 9% for OHCA and 26% for

IHCA, and has only increased incrementally over the past decade.1–3

Cardiac arrest has been associatedwith similar disease burden asmea-

sured in disability-adjusted life years (DALYs) compared with other

leading health conditions such as ischemic heart disease and stroke.6

1.2 Importance

The randomized controlled trial (RCT) has long been considered the

gold standard to evaluate therapeutic interventions7; yet, a relative

paucity of RCTs exist to inform the definitive management of in-

hospital and out-of-hospital cardiac arrest relative to the large public

health burden.8 There are recognized gaps in resuscitation knowledge

as a result.9 A prior Institute of Medicine report in 2015 called for

increased research into cardiac arrest resuscitation and brought atten-

tion to a substantial lack of funding for cardiac arrest in comparison

to diseases with significantly less disease burden.10 This corroborated

the results of two studies that systematically reviewed the scope of

RCTs between 1995 and 2014 evaluating cardiac arrest treatments,

and noted a publication rate of 4.6 RCTs annually and a wide variation

in study designs, settings, interventions, and reported outcomes.8,11

The evolution of cardiac arrest care and longitudinal improvements in

survival have been slowed by this mismatch between the high disease

burden associated with cardiac arrest and relatively few clinical trials

to inform care.3,12

1.3 Goals of this investigation

Since the last major systematic review on RCTs of adult cardiac arrest

treatments by Sinha et al. in 2016, the subsequent trajectory of RCTs of

cardiac arrest treatments is unknown. Additionally, the scope of RCTs

focusing specifically on pediatric patients is not well described. This

scoping review of RCTs for IHCA and OHCA interventions between

2015 and 2022 aims to evaluate what progress has beenmade in RCTs

studying cardiac arrest treatments since the last major review in 2016,

and to identify gaps in the current scope of cardiac arrest research to

inform the development of future research priorities and trials.

2 METHODS

2.1 Study design and search strategy

We performed a systematic search in accordance with the Preferred

Reporting Items for Systematic Reviews andMeta-Analyses Extension

for Scoping Reviews guidelines13 (PRISMA-ScR; Supporting Informa-

tion A) of three databases including MEDLINE, Embase, and Web of

Science.We conducted our search inOctober 2023 and targeted stud-

ies published between 2015 and 2022 that enrolled human subjects of

randomized trials and evaluated patients with non-traumatic cardiac

arrest. Search terms are detailed in Supporting Information B.

2.2 Selection of studies

One of five independent reviewers screened the unique titles and

abstracts for potential study inclusion after de-duplication (C.G., K.W.,

L.F., M.K., and J.T.). We began by having all reviewers examine the same

100 titles and abstracts, and we then calculated a Fleiss’ kappa to

assess interrater reliability after this initial screening. The remaining

titles and abstracts were then reviewed by at least two out of four
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reviewers (C.G., K.W., L.F., and M.K.). We resolved any conflicting deci-

sions during the title and abstract review through discussion and with

a third reviewer (J.T.) if needed.

Studies met inclusion criteria if they were original research studies

that randomized human subjects who experienced non-traumatic car-

diac arrest into an intervention and control group to test the effect of

an intervention. The study investigators must have initiated the inter-

vention during or within 24 h of cardiac arrest. We excluded studies

that focused on interventions specifically for traumatic cardiac arrest,

primary prevention (eg, implantable cardiac devices), channelopathies

and arrythmias, and cardioplegia. We also excluded simulation stud-

ies, cadaver studies, and pilot studies with <50 subjects. If multiple

reports were published from a single dataset (eg, pre-planned sub-

analysis, interim analysis, and post hoc analysis), only the initial trial

was included. Furthermore, we included published pilot and feasibil-

ity studieswith≥50 subjects thatwere associatedwith published trials

only if the sample population was not included in the primary trial or

if the primary trial was not published during the search period. Our

inclusion criteria mirrored the previously published criteria for the

systematic review of cardiac arrest RCTs.8

Two independent reviewers (J.T. and L.F.) evaluated all full-text pub-

lications based on the same screening criteria as above after title

and abstract review. We recorded reasons for exclusion after full-text

review, and we resolved disagreements through consensus agree-

ment and with a third reviewer (K.W.) if needed. We performed the

screening and full-text review using the web-based application Rayyan

(Rayyan Systems Inc.). Citations of included trials were not reviewed

for additional studies not located in the primary search.

2.3 Data extraction and synthesis

Two independent reviewers extracted data (J.T. and L.F.) using a

standardized form in Excel (version 16.66.1; Microsoft Corp.). We

cross-checked data after both independent reviewers extracted it; any

disagreements regarding extracted values were resolved through con-

sensus agreement or with a third reviewer (K.W.). Variables extracted

included title, authors, publication year, country of each study site,

number of study centers (eg, single or multicenter), pilot or feasibility

study (as self-reported by the trial authors), single or double-blinded,

level of randomization (eg, individual or cluster), unit of randomiza-

tion (eg, patient, paramedic, hospital, etc), population demographic (eg,

≥18years, <18 years, or both), location of cardiac arrest (eg, IHCA,

OHCA, IHCA +OHCA), study intervention, timing of intervention (eg,

intra-arrest, post-arrest), location where intervention was initiation,

primary outcome, total sample size, start and end dates of patient

enrollment, industry funding or sponsorship (as self-reported by the

trials authors), and if the studywas terminated early. If a study focused

on cardiac arrest in which the index case occurred while the patient

was in the ED, this was considered an IHCA. Additionally, if the study

examined a specific subset of cardiac arrest patients, these data were

also extracted including initial rhythm (eg, shockable, non-shockable),

arrest witnessed status, and presumed cardiac etiology.

Two study investigators (J.T. and L.F.) classified data on the study

intervention into four categories. We resolved disagreements through

consensus agreement and with a third reviewer (K.W.). These cate-

gories included decision support, device, drug, or process improve-

ment. We defined decision support as any intervention which tested

the effect of a system or technology that supported operator deci-

sion making, device as any intervention testing the effect of a device

compared with standard care (eg, mechanical cardiopulmonary resus-

citation [CPR] device vs standard CPR), and drug as any intervention

testing the effect of a pharmacologic management versus standard

care.Wedefined process improvement as an intervention that tested the

effect of a change in timing or approach of a treatment (eg, therapeutic

hypothermia vs. normothermia post-cardiac arrest).

2.4 Data analysis

Wecalculated descriptive statistics including frequencies and percent-

ages for categorical variables, andmedianand interquartile range (IQR)

for continuous variables. The Mann Kendall test was used to evalu-

ate for temporal trends in the number of published trials. Pilot and

feasibility studies with ≥50 patients and no overlapping data with pri-

mary trials were included in the overall analysis; these studies also

require significant investment of time and funding and, in isolation,

have the potential to contribute to knowledge surrounding cardiac

arrest care. However, we did not include these trials in the analy-

sis of study characteristics over time or of primary outcomes due to

inherent design differences when compared to the primary trial. To

evaluate for significant changes in study characteristics over time, we

combined trial publication years into 4-year increments and a logis-

tic regression model was used. This model aimed to evaluate if there

were significant longitudinal changes in the study characteristics of

trials published during the search period. We selected publication in

2019‒2022 as the dependent variable and assessed the odds that a

given independent variable would be more likely to be present during

2019‒2022 than 2015‒2018. Independent variables were indepen-

dently assessed; these included if the trial was multicenter, patient

demographics, location of cardiac arrest, type of intervention, and

timing of the intervention. We considered a p-values <0.05 to be sta-

tistically significant. All analyses were conducted via R software (R

Foundation for Statistical Computing, version 4.3.3).

3 RESULTS

We identified a total of 1764 unique publications (Figure 1). After title

and abstract review (Fleiss’ kappa 0.75), 142 studies remained; after

full text review, we identified 87 RCTs for inclusion with a median 9.5

trials per year. There was no significant increase in trials published

annually during the search period; eight trials were published in 2015

and 2016 in 2022 (p= 1.0) (Figure 2). Among included trials, we identi-

fied 12 (14%) pilot or feasibility studies. Geographic analysis of study

centers found 31 countries represented; we noted that a majority
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F IGURE 1 Flow diagram for studies included from 2015 to 2022. RCT, randomized controlled trial; ROSC, return of spontaneous circulation.

F IGURE 2 Frequency of randomized controlled trials published by
year. There was no significant increasing or decreasing trend (p= 1).

(n = 74, 85%) were conducted within a single country (Figure 3). Den-

mark had the highest number of trials (n = 13, 15%) followed by the

United States (n = 9, 10%), UK (n = 9, 10%), France (n = 9, 10%), and

Germany (n= 7, 8%).

Complete descriptive statistics are reported in Table 1. We found

that most trials were multicenter (n = 55, 63%), single-blinded (n = 67,

77%), and conducted randomization at the level of the individual

patient (n = 72, 83%). Nearly all trials included adults (n = 84, 97%)

and few included children (n = 9, 10%). The majority of trials focused

on OHCA (n = 62, 71%) and included patients irrespective of initial

rhythm, witnessed status, or presumed cardiac etiology. The trial inter-

ventionwas initiatedwith similar proportions between the intra-arrest

and post-arrest periods and was most often categorized as a process

improvement (n=38, 44%). Themajority of interventionswere initiated

in the intensive care unit (n= 34, 39%) or prehospital (n= 29, 33%) set-

ting. The median sample size was 271 patients (IQR 90, 850) and the

median trial length was 29months (IQR 16, 45).

Descriptive statistics over time are reported for select study char-

acteristics in Table 2. No study characteristic assessed was more likely

to be present in 2019‒2022 as compared to 2015‒2018.
Descriptive statistics for the primary trial outcomes are reported

in Table 3. Twenty (27%) trials selected a primary outcome of survival

at ≥28 days, with one trial14 evaluating survival at >180 days. Fifteen

(21%) trials evaluated neurologically intact survival.

See Supporting Information C for a complete list of all trials

included.

3.1 Limitations

Our findings should be interpretedwith the following limitations. First,

our study reviewed only RCTs and we did not evaluate the scope of

prospective, non-randomized studies, which also contribute to guide-

lines for cardiac arrest care.15 Second, RCT intervention types (ie,

device, process improvements, etc) were labeled by subjective reviewer

assessment. While the categories were similar to those reported by

Sinha et al,8 potential differences in reviewer judgement are impor-

tant to consider when evaluating direct comparisons between the

studies. To address potential inconsistency, we brought together mul-

tiple reviewers to provide consensus for any disagreements during

categorization of intervention type. Third, we noted only “substantial

agreement” between all reviewers; the reason for most discrepancies

stem from the difficulty identifying the numerous published sub-

analyses following each primary trial. Nevertheless, we feel that the

studies included in this review are largely reflective of RCTs during the
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F IGURE 3 Frequency randomized controlled trials by country participation.Note: In multinational collaborations, study sites are represented
individually in the counts for each country.

TABLE 1 Descriptive statistics.

Total (n= 87), n (%) IHCA (n= 15), n (%) IHCA+OHCA (n= 11), n (%) OHCA (n= 61), n (%)

Pilot or feasibility studya 12 (14) 1 (7) 0 (0) 11 (18)

Number of sites

Multicenter 55 (63) 8 (53) 6 (55) 41 (67)

Single center 32 (37) 7 (47) 5 (45) 20 (33)

Double blinded 20 (23) 4 (27) 1 (9) 15 (25)

Level of randomization

Individual 72 (83) 15 (100) 72 (655) 72 (118)

Cluster 15 (17) 0 (0) 15 (136) 15 (25)

Unit of randomization

Day or week 2 (2) 0 (0) 2 (18) 0 (0)

Dispatcher 1 (1) 0 (0) 0 (0) 1 (2)

EMS service or provider 12 (14) 0 (0) 0 (0) 12 (20)

Hospital 1 (1) 0 (0) 0 (0) 1 (2)

Patient 70 (80) 15 (100) 8 (73) 47 (77)

Physician 1 (1) 0 (0) 1 (9) 0 (0)

Demographics

Adults (≥18 years) 84 (97) 15 (100) 8 (73) 61 (100)

Children (<18 years) 9 (10) 0 (0) 3 (27) 6 (10)

Both 7 (8) 0 (0) 1 (9) 6 (10)

Initial rhythm

All 72 (83) 14 (93) 9 (82) 49 (80)

Non-shockable 4 (5) 1 (7) 1 (9) 2 (3)

Shockable 11 (13) 0 (0) 1 (9) 10 (16)

Witnessed only 13 (15) 3 (20) 0 (0) 10 (16)

Presumed cardiac etiology only 22 (25) 0 (0) 1 (9) 21 (34)

Type of intervention

Decision support 1 (0) (0) (0) (0)

Device 20 (23) 6 (40) 3 (27) 11 (18)

Drug 28 (32) 6 (40) 5 (45) 17 (28)

Process improvement 38 (44) 3 (20) 3 (27) 32 (52)

(Continues)
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TABLE 1 (Continued)

Total (n= 87), n (%) IHCA (n= 15), n (%) IHCA+OHCA (n= 11), n (%) OHCA (n= 61), n (%)

Timing of intervention

Intra-arrest 46 (53) 11 (73) 4 (36) 31 (51)

Intra-arrest/post-arrest 1 (1) 1 (7) 0 (0) 0 (0)

Post-arrest 40 (46) 3 (20) 7 (64) 30 (49)

Location of intervention initiation

Catheterization lab 5 (6) 0 (0) 0 (0) 5 (8)

Dispatch 2 (2) 0 (0) 0 (0) 2 (3)

Emergency department 9 (10) 3 (20) 3 (27) 3 (5)

Intensive care unit 33 (38) 7 (47) 5 (45) 21 (34)

In-hospital 5 (6) 5 (33) 0 (0) 0 (0)

Multiple 4 (5) 0 (0) 3 (27) 1 (2)

Prehospital 29 (33) 0 (0) 0 (0) 29 (48)

Sample size, median (IQR) 342.5 (90, 849.5) 127 (85, 298) 172 (76.5, 241) 405 (123, 1174)

Study length (months), median (IQR) 28.8 (16, 44.5) 15.2 (9.5, 23.6) 40.1 (19, 65.6) 32.5 (19.9, 44.5)

Industry sponsored/funded 17 (20) 2 (13) 2 (18) 13 (21)

Study terminated early 4 (5) 0 (0) 0 (0) 4 (7)

Abbreviations: EMS, emergencymedical services; IHCA, in-hospital cardiac arrest; IQR, interquartile range; OHCA, out-of-hospital cardiac arrest.
aPilot and feasibility studies were included if they had≥50 patients and if these patients were not included the subsequent primary trial publication.

TABLE 2 Trial characteristics by 2-year increments.

2015‒2016 (n= 22), n (%) 2017‒2018 (n= 14), n (%) 2019‒2020 (n= 9), n (%) 2021‒2022 (n= 30), n (%) p-Value

Multicenter 16 (73) 11 (79) 8 (89) 14 (47) 0.36

Demographic included

Adults (≥18 years) 22 (100) 12 (86) 9 (100) 29 (97) 0.99

Children (<18 years) 2 (9) 4 (29) 0 (0) 3 (10) 0.76

Both 3 (14) 2 (14) 0 (0) 2 (7) 0.43

Study population

Any IHCA 7 (32) 4 (29) 4 (44) 10 (33) 0.94

AnyOHCA 19 (86) 13 (93) 7 (78) 22 (73) 0.45

Type of intervention

Decision support 0 (0) 0 (0) 0 (0) 1 (3) 0.99

Device 8 (36) 3 (21) 3 (33) 4 (13) 0.32

Drug 5 (23) 5 (36) 0 (0) 10 (33) 0.12

Process improvement 9 (41) 6 (43) 3 (33) 15 (50) 0.79

Timing of intervention

Intra-arrest 14 (64) 8 (57) 4 (44) 16 (53) 0.36

Intra-arrest/post-arrest 0 (0) 0 (0) 0 (0) 1 (3) 0.99

Post-arrest 8 (36) 6 (43) 5 (56) 13 (43) 0.44

Note: Twelve pilot studies were excluded from this table.

Abbreviations: IHCA, in-hospital cardiac arrest; OHCA, out-of-hospital cardiac arrest.

search period. Lastly, it is possible that the COVID-19 pandemic may

have influencedour results as therewere relatively few trials published

during 2020; however, the number of trials increased significantly in

2021 and as such, the extent of impact is difficult to ascertain.

4 DISCUSSION

This scoping review of recent RCTs of cardiac arrest did not find a

significant increase in the number of trials published annually. We
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TABLE 3 Trial primary outcomes.

Total (n= 75), n (%) IHCA (n= 14), n (%) IHCA+OHCA (n= 11), n (%) OHCA (n= 50), n (%)

ROSC 14 (19) 8 (57) 1 (9) 6 (12)

Survival to hospital discharge 5 (7) 0 (0) 0 (0) 5 (10)

Survival at 28‒180 days 19 (26) 2 (14) 2 (18) 15 (30)

Survival at>180 days 1 (1) 0 (0) 0 (0) 1 (2)

Neurologically intact survival 15 (21) 1 (7) 2 (18) 12 (24)

Used CPC 12 0 2 10

UsedmRS 3 1 0 2

Note: Twelve pilot studies were excluded from this table.

Abbreviations: CPC, cerebral performance category; IHCA, in-hospital cardiac arrest; mRS, modified Rankin scale; OHCA, out-of-hospital cardiac arrest;

ROSC, return of spontaneous circulation.

observed amajority of trials focused on adult patients andOHCA, with

relative gaps in trials focusing on pediatric patients or IHCA.Most trial

interventions focused on process improvements as opposed to devices

or drugs. For study primary outcomes of major trials, we found that

over one-half focused on survival or neurologically intact survival. Our

results build upon the prior findings of Sinha et al who systematically

reviewed RCTs for cardiac arrest between 1995 and 2014.8

Comparison of trial design characteristics from our search with the

results of Sinhaet al. provide insight into the trajectoryof cardiac arrest

research.8 Sinha et al. found an increasing trend in cardiac arrest RCT

publications between1995and2014;8 however,wedid not note a con-

tinuation of this observed trend between 2015 and 2022. The annual

volume of publications in our review was higher than previously pub-

lished; this may in part be due to our inclusion of trials that included

pediatric patients. Additionally, we found persistently low numbers of

studies of IHCA or focused on non-shockable rhythms in as compared

to 1995‒2014. IHCA accounts for nearly 50% of all cardiac arrests

in the United States annually; nonetheless, only 33% of all trials pub-

lished in 2021 and 2022 included any IHCA patients, whichmay hinder

generalizability of the results of those trials.2 Likewise, the majority of

cardiac arrest patients have an initial non-shockable rhythm; however,

only 5% of all trials focused exclusively on this cardiac arrest cohort.1

Furthermore, we found a larger proportion of trials between 2015 and

2022 focused more post-cardiac arrest care as compared with intra-

arrest care, and the interventions more frequently characterized as

process improvement, as opposed todevicesordrugs. The focusonprocess

improvementsmay reflect a lack of promising new device or drug inter-

ventions. Interestingly, the increased focus on post-arrest care and

process improvement interventions in our review filled gaps and aligned

with priorities in cardiac arrest research identified by Panchal et al.9

This review further characterized primary outcomes to provide an

understanding of the evolution of cardiac arrest trial design.We found

that most large trials selected primary outcomes that assessed long

term survival and neurologically intact survival. This alignswith a 2018

International Liaison Committee on Resuscitation Advisory Statement

on core outcomes for cardiac arrest trials.16 Contrary to these guide-

lines, however, we did not identify any studies in this review that

selected health-related quality of life measures as a primary outcome

(eg, activities of daily living or health-related quality of life assess-

ments). Our results could not be directly compared to those of Sinha

et al as they extracted and analyzed all outcomes (ie, primary and sec-

ondary); they found that ROSC was the most common outcome in

94% of trials.8 We chose not to extract secondary outcomes given the

sample size in some trials may not have been specifically powered to

address these additional outcomes. Overall, focusing on survival out-

comes is crucial for adequately understanding the clinical impact of

cardiac arrest trials.

This review identified a relative paucity of cardiac arrest trials in

comparison to trials for other diseases with similar burden. In the

United States, the rate of OHCA disability-adjusted life years (DALY)

per 100,000 individuals has been documented at 1347; in comparison,

stroke DALY per 100,000 individuals was 980.6 While OHCA DALY

exceeded stroke DALY, there have been significantly fewer published

RCTs for OHCA compared to stroke.6 Notably, a prior meta-analysis

evaluating large stroke RCTs found approximately 20 RCTs per year

between 2004 and 2018.17 Comparatively, this study found an average

of 10.8 RCTs per year. While both acute disease processes repre-

sent time-sensitive emergencies requiring significant EMS resources

and hospital infrastructure to coordinate multi-disciplinary care, there

have been significantly fewer cardiac arrest trials compared to

stroke.

Factors contributing to this relative paucity of cardiac arrest tri-

als is likely multifactorial. A primary driving cause is likely a lack of

funding for large-scale investigations.18,19 A 2015 review of National

Institutes of Health (NIH) funding reported that only 0.19% of the

total NIH budget was invested in cardiac arrest research while 1.4%

and 5.9% were invested in stroke and heart disease, respectively.19

Additional logistical challenges include recruiting and training suffi-

cient EMS agency participants, prehospital randomization, linking EMS

reports with hospital outcome data, and the heterogeneity of regional

EMS protocols.20–22 The significant disease burden associated with

cardiac arrest and relatively few trials published annually, together,

represent an important disconnect in current research prioritization.

It is critical that we improve cardiac arrest research infrastructure and

establish cardiac arrest as a research priority commensurate with the

increasingly large public health burden it addresses. Failure to address

these issues will likely impede advancement and innovation in cardiac

arrest care and slow progress toward improving patient outcomes.



8 of 8 TOY ET AL.

In summary, we identified a comparative lack of published RCTs

addressing cardiac arrest between 2015 and 2022 despite the signif-

icant public health threat and disease burden associated with cardiac

arrest. We found significant gaps including a lack of trials examining

IHCA or pediatric patients, as well as patients with non-shockable ini-

tial rhythms. Altogether, our findings may assist in identifying gaps and

priorities for researchers, clinicians, and policy makers andmay inform

the development of future trials that guide in- and out-of-hospital

cardiac arrest care.
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