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Abstract
Objectives: To evaluate the effectiveness of life support training with specific emphasis on team competencies on clinical and educational

outcomes.

Methods: This systematic review was prospectively registered (PROSPERO CRD42023473154) and followed the PICOST (population, interven-

tion, comparison, outcome, study design, timeframe) format. All randomized controlled trials and non-randomized studies evaluating learners under-

taking life support training with specific emphasis on team competencies in any setting (actual and simulated resuscitations) were included.

Unpublished studies were excluded. Medline, Embase and Cochrane databases as well as trial registries were searched from inception to August

2023 (updated January 18, 2024). Two researchers performed title and abstract screening, full-text screening, data extraction, assessment of risk of

bias (using RoB2 and ROBINS-I) and certainty of evidence (using GRADE). PRISMA reporting checklist was used to report the results. No funding

was obtained to perform this systematic review.

Results: The literature search identified 5470 manuscripts. After the removal of 2073 duplicates, reviewing the remaining articles’ titles and

abstracts yielded 31 articles for full-text review. Of these, 17 studies were finally included. The studies involved the following training levels: basic

life support, adult advanced life support, paediatric and neonatal resuscitations. Most studies (n = 16) evaluated outcomes in simulated, and only one

study in actual resuscitations. Studies included in all training contexts showed either neutrality and/or benefits of life support training with specific

emphasis on team competencies. Team competencies training improved CPR skill performance and CPR quality. Specific team competencies that

improved included leadership, communication, decision-making and task management. No undesirable effects were observed. Meta-analysis was

not possible due to significant methodological heterogeneity. Sub-group analysis was impossible due to lack of data. Risk of bias assessment ranged

from some concerns to serious. Overall certainty of evidence was rated as low to very low due to risk of bias and imprecision.

Conclusion: This systematic review identified very low and low certainty evidence, almost entirely derived from simulation studies. The studies and

their findings were heterogenous but suggest that teaching team competencies can improve resuscitation skills performance and CPR quality, as

well as improve team competencies, specifically leadership, communication, decision-making, and task management. Further research is required

to understand optimal configuration of team competencies training interventions and to understand the effect on clinical outcomes and cost-

effectiveness.
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Introduction

Effective management of patients in cardiac arrest requires a combi-

nation of knowledge, technical skills and team competencies. Team

competencies are the non-clinical skills required to support the

collective efforts of team members to deliver optimal care within

complex hospital settings.1 In the context of resuscitation, team

competencies include team-related communication, decision-

making, and leadership including workload management.2

Resuscitation councils worldwide recommend the incorporation of

team competencies training in the teaching of advanced life support

for healthcare professionals.3,4 The International Liaison Committee

on Resuscitation (ILCOR) recommended in their 2020 International

Consensus on Cardiopulmonary Resuscitation and Emergency Car-

diovascular Care Science with Treatment Recommendations, the

use of specific leadership training for resuscitation courses based

on very-low certainty evidence.5,6

A systematic review of the effect of teaching non-technical skills

in advanced life support concluded that team simulation training

improved non-technical skills and reduced the time to complete a

simulated cardiac arrest.7 Non-technical skills included in the review

were leadership, teamwork, communication, and situational aware-

ness.7 Another ILCOR systematic review evaluating the effect of

team and leadership training of advanced life support providers on

patient outcomes concluded that team and leadership training as

part of advanced life support courses improved patient outcomes.8

Our review adds to the existing body of knowledge by extending

consideration to all life-support training contexts (beyond Advanced

Life Support (ALS)/Advanced Cardiac Life Support (ACLS) for

adults) and isolating the specific effect of team competence training,

including only studies with a comparison group. We evaluated

whether specific training in team competencies improves patient out-

comes, cardiopulmonary resuscitation (CPR) skill performance and

CPR quality, as well as provider confidence and team competencies,

which might impact patient survival, the organization of life support

courses, and resuscitation services worldwide. Our aim was to eval-

uate the effectiveness of life support training with specific emphasis

on team competencies on clinical and educational outcomes.
Methods

This systematic review was undertaken as part of the continuous evi-

dence evaluation process of the International Liaison Committee on

Resuscitation (ILCOR) Task Force on Education, Implementation,

and Teams (EIT), and was prospectively registered in PROSPERO

(CRD42023473154). Results are reported in line with the Preferred

Reporting Items for a Systematic Review and Meta-Analysis

(PRISMA) reporting checklist.9

The PICOST (Population, Intervention, Comparison, Outcome,

Study design, Timeframe) frame specified the research question:

Population: Learners undertaking life support training in any

setting;

Intervention: Life support training with a specific emphasis on

team competencies training;

Comparators: Life support training without specific emphasis on

team competencies training;

Outcomes: Patient survival (actual resuscitation), cardiopul-

monary resuscitation (CPR) skill performance at course completion
(simulation), CPR skill performance (in actual resuscitation and

simulation) < 1 yr and � 1 yr of course completion; CPR quality (sim-

ulation) (at course completion, <1yr and � 1 yr of course comple-

tion); confidence (at course completion and < 1 yr and � 1 yr of

course completion), teamwork competencies (in actual resuscitation

and simulation) (at course completion, <1yr and � 1 yr of course

completion); resources (time, equipment, cost);

Study Designs: Randomized controlled trials (RCTs) and non-

randomized studies (non-RCT, interrupted time series, controlled

before-and-after studies, cohort studies) were eligible for inclusion.

Studies evaluating scoring systems (no relevant outcome), and stud-

ies with self-assessment as the only outcome were excluded, as well

as reviews and unpublished studies (e.g., conference abstracts, trial

protocols).

Timeframe: Literature was searched from inception to 30 Aug

2023, and updated January 18, 2024. All languages were included

if there was an English abstract available.

In contrast to the PROSPERO registration, study screening had

started at the time of registration (17 October 2023). Screening of

articles commenced on 22 September 2023. There was a clerical

error upon registration – the source document stated ‘yes’ for if the

search had already begun, but it was not correctly entered on the

PROSPERO website. Also, in contrast to the PROSPERO registra-

tion, we did not perform sub-group analyses due to lack of sufficient

studies to do so.

Definitions

� Team competencies were defined as non-technical skills to work

on a team including e.g. specifying goals, ‘team-related’ commu-

nication, structured handovers, situation awareness, coordinated

behaviours, task allocation, sharing the mental model, perfor-

mance monitoring etc.10

� Team leadership was defined as a specific teamwork compe-

tence requiring specific coordination activities such as distributing

tasks, assigning work, and enforcing rules and procedures.7

� Teamwork was defined as a process that includes clarity of goal

distribution, applicable team-related communication, and defined

roles of the team members.7

� Critical outcomes included patient survival, CPR skill perfor-

mance and quality beyond course completion, CPR skill perfor-

mance and quality beyond one year.

� Important outcomes were CPR skill performance and quality at

course completion, confidence at course completion and beyond,

teamwork competencies at course completion and beyond.

Eligibility criteria

Studies were eligible for inclusion if they investigated training with a

specific emphasis on team competencies compared to none, that

reported on adult, paediatric, or neonatal resuscitation in-hospital

or out-of-hospital in any training setting (basic and advanced life

support).

Sources, search strategy, data extraction

The databases Medline, Embase and Cochrane were searched from

inception to August 2023, and updated January 18, 2024. The Inter-

national Clinical Trials Registry Platform (https://www.who.int/ictrp/

en/); the US clinical trials registry (https://www.clinicaltrials.gov;

Cochrane CENTRAL (https://www.cochranelibrary.com/about/cen-

tral-landing-page.html) were searched and no additional studies

https://www.who.int/ictrp/en/
https://www.who.int/ictrp/en/
https://www.clinicaltrials.gov
https://www.cochranelibrary.com/about/central-landing-page.html
https://www.cochranelibrary.com/about/central-landing-page.html
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were identified. An information specialist hired by ILCOR developed

the search strategy, performed it and updated the search later using

the same search strategy (Appendix 1.).

Titles and abstracts were screened independently in pairs by 4

coauthors (AC & BF, JY & KG) using Rayyan (https://www.rayyan.

ai).11 Disagreements were discussed and resolved within the author

team or with the advice of the ILCOR EIT taskforce. The remaining

full texts were screened independently in pairs by 4 coauthors (AC

& BF, JY & KG). Data from included studies was then extracted into

a standard data extraction form by 4 coauthors (AC, BF, JY, KG).

Risk of bias assessment and synthesis method

Working in pairs, two coauthors (AC & BF, JY & KG) independently

performed the risk of bias assessment using the ‘Risk of Bias 2 (RoB

2)’ tool12 for randomized controlled trials and the ‘Risk of Bias in Non-

randomized studies of interventions (ROBINS-I)’ tool13 for non-

randomized studies. Disagreement was discussed and resolved

within the coauthor team and/or with assistance of the ILCOR EIT

taskforce.

The Grading of Recommendations Assessment, Development

and Evaluation (GRADE) methodology was used to assess certainty

of evidence.14 We did not identify two or more studies of similar

design on the same intervention and assessing the same outcome

and therefore a meta-analysis could not be performed. Therefore,

we followed the Synthesis Without Meta-Analysis (SwiM) reporting

guidelines to summarize the evidence.15

Results

Study characteristics

The primary literature search (including the updated search) identi-

fied 5470 articles, after de-duplication, the titles and abstracts of

3397 articles were screened. Thirty-one articles entered the full-

text assessment, and 14 articles were excluded due to either wrong

study design, not a study involving cardiopulmonary resuscitation, no

control group or were conference abstracts, leaving 17 studies for

the final analysis (flow chart Fig. 1; PRISMA Checklist Appendix 2.).

Appendix 3 depicts the included studies’ characteristics, designs,

and main outcomes. Table 1 displays an overview of the study char-

acteristics, training contexts and interventions for team competen-

cies training. Nine studies were performed in Europe,16–24 seven in

North America25–31 and one in South America.32 Only one study

included patient outcomes.27

Risk of bias assessment and certainty of evidence

Risk of bias for the included studies ranged from some concerns to

serious (Appendix 4.). The studies varied considerably in methodol-

ogy used, training intervention applied, and training context (details

in Tables 1. and 2.). Certainty of evidence was rated as low to very

low due to risk of bias and imprecision (Appendix 5.).

Study outcomes (Appendix 3., RoB tables Appendix 4.)

Patient survival

For the critical outcome of patient survival, one RCT27 reported

descriptive data on patient outcomes, reporting 11% of patients died

in the intervention group, and 13% of patients died in the control

group. No information was provided about the timeframe of patient

survival. The study was not powered to make inferences about

survival.
CPR skill performance in real resuscitations

One RCT27 reported CPR performance scores, using a checklist

based upon standards of Advanced Trauma Life Support and other

care checklists which was normalised to create a score that could

be compared across different resuscitation events, and found no sig-

nificant difference between the intervention and control groups.
Team competencies in real resuscitations

One RCT27 reported more leadership behaviour in the intervention

group than control group.

CPR skill performance at course completion and beyond

(simulations)

We found 10 studies, 9 RCT,16,18,21,22,24,25,27–29,31 and one before

and after study32 for CPR skill performance at course completion.

Six studies16,21,25,28,29,32 reported time to varying key resuscitation

behaviours, four16,21,29,32 of them found no significant difference

between the intervention and control groups. One of the RCTs28

reported significantly shorter time to chest compressions out of five

behaviours; another study25 reported shorter times for eight of nine

behaviours. Seven16,22,24,27–29,31,32 studies reported CPR perfor-

mance scores using varying measures. Six16,22,24,27–29,31 found no

significant difference between the intervention and control groups.

One non-randomised study32 reported higher median scores in a

checklist of expected CPR acts in the intervention (95%) vs. the con-

trol group (85%).

One RCT21 reported no difference in the rate of correct arm and

shoulder positioning between intervention and control groups.

Another RCT18 reported adherence to European Resuscitation

Council advanced life support guidelines, finding greater adherence

in the intervention versus the control group.

CPR skill performance beyond course completion was reported in

four RCTs16,21,22,24 Two22,24 found no significant difference in perfor-

mance scores at four months24 and six months22 after course com-

pletion. One RCT16 reported significantly higher technical CPR skill

scores (calculated from compression depth and rate; detection of

shockable rhythm; ventilation efficiency; and time to CPR initiation)

in the intervention (70%) vs. the control (62%) group at follow-up

(time unspecified), despite no difference at course completion.

Another RCT21 reported significantly shorter time to first meaningful

resuscitation measure in the intervention group at four months after

course completion.

Evidence relating to CPR skill performance beyond one year was

not identified.

CPR quality at course completion and beyond (simulations)

For CPR quality at course completion, we found four RCTs.17,18,20,21

Two17,18 measured no-flow time, one measuring the amount of time

one of four team members provided chest compressions reported17

significantly shorter no-flow time in the intervention group while the

other18 (measuring the percentage of the scenario time frame minus

the time with chest compressions performed by any team member)

found no significant differences between groups. One RCT21 mea-

sured hands-on time and compression rate and found no difference

between groups. Another RCT20 found no difference in chest com-

pression quality or in chest compression pauses between groups.

We found one RCT for CPR quality beyond course completion.21

Four months after the intervention, hands-on time was higher in the

intervention group when compared to the control group with higher

https://www.rayyan.ai
https://www.rayyan.ai
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rates of guideline-compliant compressions as recommended and

more compressions per minute.

Evidence relating to CPR quality beyond one year was not

identified.

Confidence at course completion and beyond (simulations)

For confidence at course completion, we identified one RCT16 which

found no significant difference between groups. For confidence

beyond course completion, one RCT16 found no significant differ-

ence between groups at follow-up. Evidence relating to confidence

beyond one year was not identified.

Teamwork competencies at course completion and beyond

(simulations)

For teamwork competencies at course completion we identified 14

studies, 12 RCTs,16,17,19–21,24–26,28–31 and 223,32 non-RCTs.

Communication: Two RCTs20,30 reported a significantly greater

proportion of leadership statements (measured differently) in the
intervention group compared to control. Three RCTs26,29,30 identified

significantly increased directed team communication with the inter-

vention. One RCT29 also reported increased completed closed-

loop communications and follower-initiated communications in the

intervention group. One RCT17 measured ’teamwork verbalisations’

and found a significantly higher number of verbalisations in the inter-

vention group, like directed orders, task assignments, undirected

orders, and planning. In contrast, one RCT21 identified more leading

utterances in the control group.

Decision-making and leadership behaviour: One RCTs19,27

reported more leadership behaviour in the intervention group.

One21 also reported significantly increased corrections of improper

chest compressions in the intervention group. Another RCT20

reported increased decision-making in the intervention group. One

non-randomised study23 reported no significant difference in leader-

ship behaviour between intervention and control groups.

Teamwork: One RCT16 reported significantly higher team-level

efficacy in the intervention group. One non-randomised study32



Table 1 – Teaching team competencies within resuscitation training: a systematic review: Overview of study
characteristics.

Years of publication 2007–2023

Countries of studies Europe (3 Germany,17–19 2 Switzerland,20,21 2 Finland,22,23 1 France,24 1 Belgium16)

North America (6 USA26–31, 1 Canada25)

South America (1 Brazil32)

Training context Advanced Life Support: 917,18,22,24–27,29,32

Immediate Life Support: 120

Basic Life Support: 121

Paediatric resuscitation: 418,19,26,32

Neonatal resuscitation: 423,28,30,31

Not stated: 116

Training

interventions

- Short Crisis Resource Management training (<1 h): 416,19,23,25

- Long Crisis Resource Management raining > 1 h: 118

- Crisis Resource Management training of unspecified length: 117

- 2-hour TeamSTEPPS 2.0 training: 126

- 4-hour leadership training: 127

- 2-hour team training: 131

- 30-min task-oriented role assignment training: 128

- 10-min leadership training specifically for female learners: 120

- Teamwork and human error training of unspecified length: 130

- TeamSTEPPS training of unspecified length: 132

- Instructions focused on leadership and communication to enhance team coordination of unspecified length: 121

- Pit crew model: 122

- Team leaders blindfolded during practice: 129

- Practice in interrupted scenarios: 124
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reported more teamwork intervention events in the intervention

group. Two RCTs24,31 and one non-randomised study23 found no

significant difference in measures of teamwork between groups.

Non-technical skills: Two RCTs25,28 reported significantly higher

non-technical skill performance25 (measured differently) and total

behavioural skills scores28 in the intervention group.

Workload management: Two RCTs30,31 reported significantly

improved workload management (measured differently) in the inter-

vention group.

For teamwork competencies beyond course completion we iden-

tified three RCT.16,21,24 One RCT21 reported more leadership utter-

ances, task assignments, commands, and decisions about what to

do in the intervention group four months after the course. Another

RCT16 reported significantly higher self-reported teamwork in the

intervention group at follow-up. An RCT24 reported no significant dif-

ference between groups in ‘TEAM scores’ at three months after

course completion. Evidence relating to team competencies beyond

one year was not identified.

Discussion

Resuscitation councils worldwide include training of team competen-

cies in their advanced life support courses with the aim to improve

team performance, improve adherence to guidelines, reduce errors,

and ultimately improve patient care.3,6 The effectiveness of non-

technical skills training to improve team performance in advanced life

support,7 and the effectiveness of team and leadership training in

advanced life support course providers to improve patient outcomes8

has been demonstrated. In this systematic review, we broadened the

review question including the teaching context related to all levels of

courses (from basic to advanced life support courses, in adult, pae-
diatric, and neonatal resuscitations), and expanded the included

team competencies to a variety of described team competence inter-

ventions. We identified 17 studies in all training contexts with a wide

variety of different team competence training interventions. Interven-

tions included Crisis Resource Management training below and

above one hour, or of unspecified length, TeamSTEPPS training,

leadership training, team training, task-oriented role assignment

training, human error training, Pit crew model training, team leader

blindfolding, and practice in interrupted scenarios (for details com-

pare Table 1).

In this systematic review, we have found very low certainty evi-

dence that teaching team competencies improves the performance

of resuscitation teams. Almost all of the evidence is derived from

simulation studies rather than real-life resuscitations, limiting the

inferences that can be drawn. However, no negative effects of train-

ing with emphasis on team competencies were identified, and there-

fore we suggest that team competencies be included in all life

support courses despite the low certainty of effects on patient out-

comes. The specific team competencies being trained should likely

be tailored to the type of resuscitation course, aiming to train contex-

tualised skills (technical and non-technical). Also, to address the lack

of knowledge, well designed studies ideally reflecting patient out-

comes are necessary.33,34

Only one RCT27 reported higher patient survival in a descriptive

way with such training. However, this study was not powered to eval-

uate survival, therefore any inference of that result has to be taken

with caution. Interestingly, another review on teaching team compe-

tencies identified improved patient outcomes of providers who had

attended advanced life support courses.8

Several included studies reported that team competencies train-

ing improved CPR skill performance,16,18,21,25,28,32 and some

aspects of teamwork competencies, including communication,



Table 2 – Teaching team competencies within resuscitation training: a systematic review: Types of outcomes,
overall findings, risk of bias assessments.

Types of Outcome Training

context

Number of

studies

Neutral In favour of

training with no

emphasis on

teamwork

competencies

In favour of

training with

emphasis on

teamwork

competencies

Risk of Bias of

single studies

Survival ALS27 127 � � 127 Some concerns27

CPR skill performance

beyond course

completion

ALS22,24

BLS21

Not stated16

416,21,22,24 222,24 216,21 Some

concerns16,21,22,24

CPR quality beyond

course completion

BLS21 121 � � 121 Some concerns21

CPR skill performance

at course completion:

Time to key

resuscitation

behaviours

ALS25,29,32

BLS21

Paediatric32

Neonatal28

Not stated16

616,21,25,28,29,32 416,21,29,32 � 225,28 Serious32

Some con-

cerns16,21,25,28,29

CPR skill performance

at course completion:

CPR performance

scores

ALS22,24,27,29,32

Paediatric32

Neonatal28,31

Not stated16

816,22,24,27–

29,31,32
716,22,24,27–

29,31
� 132 Serious32

Some con-

cerns16,22,24,27–29,31

CPR skill performance

at course completion:

rate of correct arm and

shoulder positioning

BLS21 121 121 � � Some concerns21

CPR skill performance

at course completion:

adherence to ALS

guidelines

ALS18

BLS18
118 � � 118 High18

CPR quality at course

completion

ALS17,18

ILS20

BLS18,21

417,18,20,21 318,20,21 � 117 Some concerns17,21

High18,20

Confidence at course

completion

Not stated16 116 116 � � Some concerns16

Confidence beyond

course completion

Not stated16 116 116 � � Some concerns16

Teamwork

competencies at course

completion:

communication

ALS17,26,29

BLS21

ILS20

Paediatric26

Neonatal30

617,20,21,26,29,30 � 121 517,20,26,29,30 High20,30

Some con-

cerns17,21,26,29

Teamwork

competencies at course

completion: decision-

making and leadership

behaviour

ALS27

ILS20

BLS19

Neonatal23

419,20,23,27 123 � 319,20,27 Serious23

High20

Some concerns19,27

Teamwork

competencies at course

completion: teamwork

ALS24,32

Paediatric32

Neonatal23,31

Not stated16

516,23,24,31,32 323,24,31 � 216,32 Serious23,32

Some con-

cerns16,24,31

Teamwork

competencies at course

completion: Non-

Technical Skills

ALS25

Neonatal28
225,28 � � 225,28 Some concerns25,28

Teamwork

competencies at course

completion: workload

management

Neonatal30,31 230,31 � � 230,31 High30

Some concerns31

Teamwork

competencies beyond

course completion

ALS24

BLS21

Not stated16

316,21,24 124 � 216,21 Some

concerns16,21,24

ALS = Advanced Life Support, CPR = cardiopulmonary resuscitation, BLS = Basic Life Support, ILS = Immediate Life Support.
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decision-making and leadership behaviour, teamwork, non-technical

skills, and workload management.16,17,19–21,25–32 Two studies even

reported better CPR skill performance beyond course comple-

tion.16,21 We did not find any report of harmful effects of team com-

petence training in either context of training or course format.

Results about the overall concept of teamwork competencies var-

ied. Some studies showed improvement with specific training of team

competencies at course completion. Five studies17,20,26,29,30

reported improved communication with such training, three stud-

ies19,20,27 found improved decision-making and leadership skills.

These results imply that specific training in communication skills

might be especially beneficial to achieve improvements in teamwork

during resuscitations. However, all these studies were in a simulated

setting. We lack data about whether results from resuscitation train-

ing can be translated into better communication during real cardiac

arrests.

Included studies covered a variety of different teaching interven-

tions for teamwork competencies but due to the high heterogeneity

we could not compare the effect of these different teaching methods.

Thus, potential superiority in the effectiveness of training intervention

methods remains to be determined.

Only two RCT16,21 showed improvement of teamwork competen-

cies beyond course completion, which might be important to improve

patient outcomes over time. Since limited data beyond course com-

pletion and no data for outcomes beyond one year after course com-

pletion is available, future studies are necessary to evaluate

retention of teamwork competencies and the effect on patients’

outcomes.

Resuscitation councils worldwide use teamwork competencies

training in their resuscitation courses, therefore training in teamwork

competencies seems widely accepted. However, we did not find any

evidence on the cost-effectiveness of such teaching that supports

this current teaching practice.

All but one included studies were performed in Europe and North

America in high-resource countries. Only one study was performed

in Brazil.32 We therefore cannot comment if the conclusion of this

review would change if studies from low-income settings or different

parts of the world were available.

Limitations, knowledge gaps, and future research

The limitation of this systematic review is that only one study which

reported descriptively improved patient survival, is underpowered

for this outcome (leading to imprecision). The effects of team compe-

tencies training on clinical resuscitation performance and patient out-

comes remain unclear. Future adequately powered studies are

necessary to close this knowledge gap.

The ideal educational intervention, duration, and mode of delivery

for teamwork competencies teaching remains unclear. Because of

the heterogeneity and a wide variety of educational interventions

reported and of measures used, a comparison between the teaching

approaches was not possible. Future studies should compare differ-

ent teaching interventions for team competencies training. Despite

studies showing improved communication, decision-making, and

leadership behaviours, it remains unclear whether training of partic-

ular competencies is more important than others. It is also unclear

whether there is a difference between the teaching context and the

group of learners. We did not find any evidence for the cost-

effectiveness of the team competencies training, or any evidence

from low-resource settings. Future studies should focus on these

two important aspects. This systematic review was registered on
PROSPERO, some changes were made after registration (which

have been detailed in the methods section). PROSPERO allows

changes in outcomes and measurements as some are not obvious

a priori but can be found in the retrieved papers.

Conclusion

This systematic review assessed life support training with specific

emphasis on team competencies compared to training without this

emphasis. We identified very low and low certainty evidence, almost

entirely derived from simulation studies. The studies and their find-

ings were heterogenous but suggest that teaching team competen-

cies can improve resuscitation skills performance and CPR quality,

as well as improve team competencies, specifically leadership, com-

munication, decision-making, and task management. Further

research is required to understand optimal configuration of team

competencies training interventions and to understand the effect

on clinical outcomes and cost-effectiveness.

Funding

None.

Other disclosures

None.

Ethics committee review

Not applicable.

Disclaimers

None.

CRediT authorship contribution statement

Barbara Farquharson: Writing – review & editing, Writing – original

draft, Visualization, Validation, Methodology, Data curation, Concep-

tualization. Andrea Cortegiani: Writing – review & editing, Method-

ology, Data curation, Conceptualization. Kasper G. Lauridsen:

Writing – review & editing, Methodology, Data curation, Conceptual-

ization. Joyce Yeung:Writing – review & editing, Methodology, Data

curation. Robert Greif: Writing – review & editing, Writing – original

draft, Visualization, Validation, Methodology, Data curation, Concep-

tualization. Sabine Nabecker: Writing – review & editing, Writing –

original draft, Visualization, Validation, Methodology.

Declaration of competing interest

The authors declare the following financial interests/personal

relationships which may be considered as potential competing inter-

ests: BF, AC, KGL, JY, SN and RG are members of the ILCOR EIT

Task Force (RG is chair). RG is ERC Director of Guidelines and



8 R E S U S C I T A T I O N P L U S 1 9 ( 2 0 2 4 ) 1 0 0 6 8 7
ILCOR; RG, KGL and JY are Editorial Board members of Resuscita-

tion Plus.

Acknowledgements

The authors would like to thank Mary-Doug Wright, the information

specialist at Apex Information, Vancouver, Canada, for her support

in developing the search strategy. The following ILCOR EIT Task

Force members are acknowledged as collaborators in this scoping

review: Cristian Abelairas-Gomez, Natalie Anderson, Farhan Bhanji,

Jan Breckwoldt, Adam Cheng, Aaron Donoghue, Kathryn Eastwood,

Ming-Ju Hiseih, Ying-Chih Ko, Elina Koota, Yiqun Lin, Andrew

Lockey, Tasuku Mastsuyama, Kevin Nation, Alexander Olaussen,

Taylor Sawyer, Sebastian Schnaubelt, and Chih-Wei Yang.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.resplu.2024.100687.
Author details

on behalf of the Education Implementation Team Task Force of the

International Liaison Committee on Resuscitation ILCOR1 aFaculty

of Health Sciences & Sport, University of Stirling, Stirling, United

Kingdom bDepartment of Precision Medicine in Medical Surgical and

Critical Care (Me.Pre.C.C.), University of Palermo, Italy cDepart-

ment of Anesthesia Intensive Care and Emergency. University

Hospital Policlinico ’Paolo Giaccone’, Palermo, Italy
d

Research

Center for Emergency Medicine, Aarhus University Hospital,

Denmark eDepartment of Anesthesiology and Intensive Care, Ran-

ders Regional Hospital, DenmarkfDepartment of Anesthesiology and

Critical Care Medicine, Children’s Hospital of Philadelphia,

USA gWarwick Clinical Trials Unit, Warwick Medical School, Uni-

versity of Warwick, Coventry, United Kingdom hDepartment of

Surgical Science, University of Torino, Torino, Italy iUniversity of

Bern, Bern, Switzerland jAnesthesiology and Pain Management,

Sinai Health System, University of Toronto, Toronto, Canada
R E F E R E N C E S
1. McLaney E, Morassaei S, Hughes L, Davies R, Campbell M, Di

Prospero L. A framework for interprofessional team collaboration in a

hospital setting: Advancing team competencies and behaviours.

Healthc Manage Forum 2022;35:112–7.

2. Gordon M, Baker P, Catchpole K, Darbyshire D, Schocken D.

Devising a consensus definition and framework for non-technical

skills in healthcare to support educational design: A modified Delphi

study. Med Teach 2015;37:572–7.

3. Cheng A, Magid DJ, Auerbach M, et al. Donoghue A: Part 6:

Resuscitation education science: 2020 American heart association

guidelines for cardiopulmonary resuscitation and emergency

cardiovascular care. Circulation (New York, N.Y.) 2020;142:

S551–79.

4. Greif R, Lockey A, Breckwoldt J, et al. European resuscitation council

guidelines 2021: Education for resuscitation. Resuscitation

2021;161:388–407.
5. Greif R, Bhanji F, Bigham BL, et al. Education, implementation, and

teams: 2020 International consensus on cardiopulmonary

resuscitation and emergency cardiovascular care science with

treatment recommendations. Resuscitation 2020;156:A188–239.

6. Greif R, Bhanji F, Bigham BL, et al. Education, implementation, and

teams: 2020 International consensus on cardiopulmonary

resuscitation and emergency cardiovascular care science with

treatment recommendations. Circulation 2020;142:S222–83.

7. Dewolf P, Clarebout G, Wauters L, Van Kerkhoven J, Verelst S. The

effect of teaching nontechnical skills in advanced life support: a

systematic review. AEM Educ Train 2021;5:e10522.

8. Kuzovlev A, Monsieurs KG, Gilfoyle E, Finn J, Greif R, Education I.

Teams task force of the international liaison committee on R: The

effect of team and leadership training of advanced life support

providers on patient outcomes: A systematic review. Resuscitation

2021;160:126–39.

9. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020

statement: an updated guideline for reporting systematic reviews.

BMJ 2021;372:n71.

10. Flin R, O’Connor, P. Safety at the Sharp End: A Guide to Non-

Technical Skills, 1st ed., CRC Press. 2008. doi: 10.1201/

9781315607467:

11. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a

web and mobile app for systematic reviews. Syst Rev 2016;5:210.

12. Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for

assessing risk of bias in randomised trials. BMJ 2019;366:l4898.

13. Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I: a tool for

assessing risk of bias in non-randomised studies of interventions.

BMJ 2016;355:i4919.

14. Iorio A, Spencer FA, Falavigna M, et al. Use of GRADE for

assessment of evidence about prognosis: rating confidence in

estimates of event rates in broad categories of patients. BMJ

2015;350:h870.

15. Campbell M, McKenzie JE, Sowden A, et al. Synthesis without meta-

analysis (SWiM) in systematic reviews: reporting guideline. BMJ

2020;368:l6890.

16. Coppens I, Verhaeghe S, Van Hecke A, Beeckman D. The

effectiveness of crisis resource management and team debriefing in

resuscitation education of nursing students: A randomised controlled

trial. J Clin Nurs 2018;27:77–85.

17. Fernandez Castelao E, Russo SG, Cremer S, et al. Positive impact

of crisis resource management training on no-flow time and team

member verbalisations during simulated cardiopulmonary

resuscitation: a randomised controlled trial. Resuscitation

2011;82:1338–43.

18. Fernandez Castelao E, Boos M, Ringer C, Eich C, Russo SG. Effect

of CRM team leader training on team performance and leadership

behavior in simulated cardiac arrest scenarios: a prospective,

randomized, controlled study. BMC Med Educ 2015;15:116.

19. Haffner L, Mahling M, Muench A, et al. Improved recognition of

ineffective chest compressions after a brief Crew Resource

Management (CRM) training: a prospective, randomised simulation

study. BMC Emerg Med 2017;17:7.

20. Hochstrasser SR, Amacher SA, Tschan F, et al. Gender-focused

training improves leadership of female medical students: A

randomised trial. Med Educ 2022;56:321–30.

21. Hunziker S, Buhlmann C, Tschan F, et al. Brief leadership

instructions improve cardiopulmonary resuscitation in a high-fidelity

simulation: a randomized controlled trial. Crit Care Med

2010;38:1086–91.

22. Peltonen V, Peltonen LM, Rantanen M, et al. Randomized controlled

trial comparing pit crew resuscitation model against standard

advanced life support training. J Am Coll Emerg Physicians Open

2022;3:e12721.

23. Rovamo L, Nurmi E, Mattila MM, Suominen P, Silvennoinen M.

Effect of a simulation-based workshop on multidisplinary teamwork

of newborn emergencies: an intervention study. BMC Res Notes

2015;8:671.

https://doi.org/10.1016/j.resplu.2024.100687
https://doi.org/10.1016/j.resplu.2024.100687
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0005
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0005
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0005
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0005
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0010
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0010
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0010
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0010
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0015
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0015
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0015
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0015
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0015
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0020
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0020
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0020
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0025
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0025
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0025
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0025
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0030
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0030
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0030
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0030
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0035
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0035
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0035
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0040
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0040
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0040
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0040
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0040
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0045
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0045
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0045
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0055
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0055
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0060
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0060
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0065
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0065
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0065
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0070
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0070
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0070
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0070
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0075
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0075
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0075
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0080
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0080
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0080
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0080
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0085
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0085
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0085
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0085
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0085
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0090
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0090
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0090
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0090
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0095
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0095
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0095
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0095
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0100
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0100
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0100
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0105
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0105
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0105
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0105
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0110
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0110
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0110
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0110
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0115
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0115
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0115
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0115


R E S U S C I T A T I O N P L U S 1 9 ( 2 0 2 4 ) 1 0 0 6 8 7 9
24. Truchot J, Michelet D, Philippon AL, Drummond D, Freund Y,

Plaisance P. Effect of a specific training intervention with task

interruptions on the quality of simulated advance life support: A

randomized multi centered controlled simulation study. Australas

Emerg Care 2023;26:153–7.

25. Blackwood J, Duff JP, Nettel-Aguirre A, Djogovic D, Joynt C. Does

teaching crisis resource management skills improve resuscitation

performance in pediatric residents?*. Pediatr Crit Care Med 2014;15:

e168–74.

26. Fagan MJ, Connelly CD, Williams BS, Fisher ES. Integrating team

training in the pediatric life support program: an effective and efficient

approach? J Nurs Adm 2018;48:279–84.

27. Fernandez R, Rosenman ED, Olenick J, et al. Simulation-based

team leadership training improves team leadership during actual

trauma resuscitations: a randomized controlled trial. Crit Care Med

2020;48:73–82.

28. Litke-Wager C, Delaney H, Mu T, Sawyer T. Impact of task-oriented

role assignment on neonatal resuscitation performance: a

simulation-based randomized controlled trial. Am J Perinatol

2021;38:914–21.
29. Scicchitano E, Stark P, Koetter P, Michalak N, Zurca AD. Blindfolding

improves communication in inexperienced residents undergoing

ACLS training. J Grad Med Educ 2021;13:123–7.

30. Thomas EJ, Taggart B, Crandell S, et al. Teaching teamwork during

the Neonatal Resuscitation Program: a randomized trial. J Perinatol

2007;27:409–14.

31. Thomas EJ, Williams AL, Reichman EF, Lasky RE, Crandell S,

Taggart WR. Team training in the neonatal resuscitation program for

interns: teamwork and quality of resuscitations. Pediatrics

2010;125:539–46.

32. Goncalves BAR, de Melo M, Ferri Liu PM, Valente B, Ribeiro VP,

Vilaca ESPH. Teamwork in pediatric resuscitation: training medical

students on high-fidelity simulation. Adv Med Educ Pract

2022;13:697–708.

33. Lauridsen KG, Krogh K, Müller SD, et al. Barriers and facilitators for

in-hospital resuscitation: A prospective clinical study. Resuscitation

2021;164:70–8.

34. Lauridsen KG, Løfgren B, Brogaard L, Paltved C, Hvidman L, Krogh

K. Cardiopulmonary resuscitation training for healthcare

professionals: a scoping review. Simul Healthc 2022;17:170–82.

http://refhub.elsevier.com/S2666-5204(24)00138-3/h0120
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0120
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0120
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0120
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0120
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0125
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0125
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0125
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0125
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0130
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0130
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0130
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0135
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0135
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0135
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0135
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0140
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0140
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0140
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0140
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0145
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0145
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0145
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0150
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0150
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0150
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0155
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0155
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0155
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0155
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0160
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0160
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0160
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0160
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0165
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0165
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0165
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0170
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0170
http://refhub.elsevier.com/S2666-5204(24)00138-3/h0170

	Teaching team competencies within resuscitation training: A systematic review
	Introduction
	Methods
	Definitions
	Eligibility criteria
	Sources, search strategy, data extraction
	Risk of bias assessment and synthesis method

	Results
	Study characteristics
	Risk of bias assessment and certainty of evidence
	Patient survival
	CPR skill performance in real resuscitations
	Team competencies in real resuscitations
	CPR skill performance at course completion and beyond (simulations)
	CPR quality at course completion and beyond (simulations)
	Confidence at course completion and beyond (simulations)
	Teamwork competencies at course completion and beyond (simulations)

	Discussion
	Limitations, knowledge gaps, and future research

	Conclusion
	Funding
	Other disclosures
	Ethics committee review
	Disclaimers
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


