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Abstract
Objectives: To compare the effectiveness of cognitive aid use during resuscitation with no use of cognitive aids on cardiopulmonary resuscitation

quality and performance.

Methods: This systematic review followed the PICOST format. All randomised controlled trials and non-randomised studies evaluating cognitive aid use

during (simulated) resuscitation were included in any setting. Unpublished studies were excluded. We did not include studies that reported cognitive aid

use during training for resuscitation alone. Medline, Embase and Cochrane databases were searched from inception until July 2019 (updated August

2022, November 2023, and 23 April 2024). We did not search trial registries. Title and abstract screening, full-text screening, data extraction, risk of bias

assessment (using RoB2 and ROBINS-I), and certainty of evidence (using GRADE) were performed by two researchers. PRISMA reporting standards

were followed, and registration (PROSPERO CRD42020159162, version 19 July 2022) was performed. No funding has been obtained.

Results: The literature search identified 5029 citations. After removing 512 duplicates, reviewing the titles and abstracts of the remaining articles

yielded 103 articles for full-text review. Hand-searching identified 3 more studies for full-text review. Of these, 29 studies were included in the final

analysis. No clinical studies involving patients were identified. The review was limited to indirect evidence from simulation studies only. The results

are presented in five different populations: healthcare professionals managing simulated resuscitations in neonates, children, adult advanced life

support, and other emergencies; as well as lay providers managing resuscitations. Main outcomes were adherence to protocol or process, adher-

ence to protocol or process assessed by performance score, CPR performance and retention, and feasibility of chatbot guidance. The risk of bias

assessment ranged from low to high. Studies in neonatal, paediatric and adult life support delivered by healthcare professionals showed benefits of

using cognitive aids, however, some studies evaluating resuscitations by lay providers reported undesirable effects. The performance of a meta-

analysis was not possible due to significant methodological heterogeneity. The certainty of evidence was rated as moderate to very low due to seri-

ous indirectness, (very) serious risk of bias, serious inconsistency and (very) serious imprecision.

Conclusion: Because of the very low certainty evidence from simulation studies, we suggest that cognitive aids should be used by healthcare pro-

fessionals during resuscitation. In contrast, we do not suggest use of cognitive aids for lay providers, based on low certainty evidence.

Keywords: Cognitive aids, Cardiopulmonary resuscitation, Basic and advanced life support, Simulation, Checklist
contributors to adverse outcomes. To help mitigate errors, cognitive

Introduction

In the complex management of cardiac arrests or other medical

emergencies, medical errors and team dynamics are known major
1

aids were first widely used in aeronautical professions to improve

safety and to reduce the burden of the workload of crewmembers

in routine and especially in stressful emergencies.2 In medicine,
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the importance of cognitive aids was acknowledged as early as

1924.3 Dr. Babcock suggested that ‘a fixed emergency routine,

posted on the walls of every operating room and drilled into every

member of the staff, should be enforced’.3 Since then, a wide variety

of cognitive aids have been used in medicine in multiple disciplines.

They are used to improve adherence to guidelines, improve per-

formance, and reduce errors.4 Cognitive aids are supposed to sup-

port clinicians during stressful clinical situations by guiding them

through a series of complex steps and help prevent omissions of

key steps.5 An ideal cognitive aid should possess content based

on current treatment guidelines, and an effective design for use in

emergencies, providers should be familiar with the cognitive aid

before using it in an emergency, and the cognitive aid should assist

the whole team in coordinated task performance.5

Cognitive aids can be used in elective situations as well as in

emergencies. For example, the use of surgical safety checklists,

which are used in an elective situation, and not in an emergency,

has been shown to reduce mortality and morbidity of surgical

patients.6–11 In clinical emergencies, cognitive aids showed a reduc-

tion in the incidence of missed care steps from 43% to 11% (RR

(95% CI) 0.29 (0.15–0.16); p <0.001) with a moderate certainty of

evidence.12 Cognitive aid use also decreased error incidence in clin-

ical emergencies.12,13

Resuscitation councils worldwide use cognitive aids for educating

their members in the form of algorithms, flowcharts, checklists, pos-

ters, digital applications, and other formats. They also recommend

indirectly through their publication and directly in their guidelines

the use of these cognitive aids during training and in clinical prac-

tice.1,14,15,16 Evidence on the effect of cognitive aid use in resuscita-

tion may lead to improved resuscitation performance and better

patient outcomes. However, currently, there is no systematic review

available that specifically focuses on the effectiveness of cognitive

aid use versus no use of cognitive aids in resuscitation. Therefore,

the aim of this systematic review is to compare the effectiveness

of cognitive aid use during resuscitation with no use of cognitive aids

on cardiopulmonary resuscitation quality and performance.

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). The review was registered at PROSPERO

(CRD42020159162, version 19 July 2022). We followed the guid-

ance of the Preferred Reporting Items for a Systematic Review

and Meta-Analysis (PRISMA).17

The PICOST (Population, Intervention, Comparison, Outcome,

Study design, Timeframe) frame specified the research question:

Population: Adults, children and neonates in any setting (in-

hospital or out-of-hospital) requiring resuscitation provided by lay

providers or health care professionals.

Intervention: The use of cognitive aids during resuscitation.

Comparators: No use of cognitive aids.

Outcomes: Survival to hospital discharge with good neurological

outcomes and survival to hospital discharge were ranked as critical

outcomes. Quality of performance in actual resuscitations, skill per-

formance 1 year after course conclusion, skill performance between

course conclusion and 1 year, skill performance at course conclu-
sion, and knowledge at course conclusion were included as impor-

tant outcomes. Measures of effect outcomes included adherence

to resuscitation guidelines, CPR quality, and test scores.

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

randomised studies (interrupted time series, controlled before-and-

after studies, cohort studies, case reports) were eligible for inclusion.

Unpublished studies (e.g., conference abstracts, trial protocols) were

excluded.

Timeframe: All years and all languages were included if there

was an English abstract. The literature search was updated from

inception to 23 April 2024.

In contrast to the PROSPERO registration, we did not include

studies that reported cognitive aid use during resuscitation educa-

tion, due to the number of studies for resuscitation alone. Also,

teaching for resuscitation is a different question, therefore the ILCOR

EIT task force decided that cognitive aid use during resuscitation

education warrants a separate future systematic review. We did

not search trial registries. Also, in contrast to the PROSPERO regis-

tration, we removed the words “or checklist” from the intervention

and comparator, as checklists are one type of cognitive aid, and

therefore subsumed under cognitive aids. As specified in the PROS-

PERO registration main outcomes have been adapted after the reg-

istration and after the literature search in discussion with the EIT

taskforce. Outcomes presented here reflect what was decided in

the ILCOR priority team and EIT task force meetings after identifying

what outcomes have been studied. Changes have been made before

data extraction.

Definitions

We defined cognitive aid as the “presentation of prompts aimed to

encourage recall of information to increase the likelihood of desired

behaviours, decisions, and outcomes”.4 We separated the cognitive

aids into interactive and non-interactive cognitive aids. Interactive

cognitive aids were defined as cognitive aids that provide the user

with the opportunity to interact with it in different ways. Data flows

bidirectionally from user to cognitive aid and back. Examples of inter-

active cognitive aids include tablet apps, smartphone apps, audio

voice guidance applications, computer-based clinical decision dis-

play systems, Personal Digital Assistant apps, augmented reality

decision support tools, or a Chatbot. Non-interactive cognitive aids

were defined as being static with no possibility to interact. Data flow

is single-directional from cognitive aid to user. Examples of non-

interactive cognitive aids include posters, checklists, smartphone

apps, flowcharts, instruction cards, and tablets with auditory and

visual prompts.

Checklists were defined as “a list of action items or criteria

arranged systematically, allowing the user to record the presence

or absence of the individual items listed, thereby ensuring that all

have been considered or completed”.18

We defined the intervention as the use of cognitive aids (both

interactive and non-interactive) during resuscitation.

Eligibility criteria

Studies were included if they investigated adult, paediatric, or neona-

tal resuscitation in any setting (in-hospital or out-of-hospital) includ-

ing simulation studies.5 Studies, that only evaluated cognitive aid

use in health care professional or lay provider training were

excluded, because the EIT taskforce considers this a topic for a sep-

arate systematic review. Providers included were health care profes-
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sionals and lay providers. Schoolchildren were excluded. Studies

were included if they reported the use of a cognitive aid during resus-

citation compared to no use of a cognitive aid.

Information, sources and search strategy

An information specialist hired by ILCOR developed the search strat-

egy, the updated searches were performed by a co-author (YL) on

this systematic review using the same search strategy. The data-

bases Medline, Embase, and Cochrane were searched from incep-

tion until July 2019, updated August 2022, November 2023, and

again updated April 2024. The detailed search strategy can be found

in Appendix 1. Additionally, hand-searching of article biographies

was performed.

Data extraction

Each title and abstract were screened by SN and EG independently

using Covidence (https://www.covidence.org, Veritas Health Innova-

tion Ltd, Melbourne, Australia) to exclude ineligible studies. Dis-

agreements were resolved in consensus between SN and EG or

with the advice of another member of the author group or the ILCOR

EIT taskforce. Each remaining paper was full-text screened by SN

and KN individually. The studies characteristics’ and outcomes were

subsequently extracted into a spreadsheet by SN and KN (year,

country, aim, study design, population, data collection, type of cogni-

tive aid, intervention, comparator, main findings).

Risk of bias assessment

KN and either SN or CAG analyzed the included studies using the

‘Risk of Bias 2 (RoB 2) tool’19 for randomised controlled trials and

“risk of bias in non-randomised studies of interventions (ROBINS-I)

tool’20 for non-randomised controlled trials. Any disagreement was

resolved by discussion between KN, SN and CAG.

Synthesis method

The Grading of Recommendations Assessment, Development and

Evaluation (GRADE) methodology was applied to assess certainty

of evidence.21 We did not attempt to perform a meta-analysis

because the included studies showed a significant level of method-

ological heterogeneity. Therefore, we followed the Synthesis Without

Meta-Analysis (SWiM) reporting guidelines.22 Potential subgroup

analyses were considered for adult, paediatric and neonatal resusci-

tations by healthcare professionals, resuscitations by lay providers,

and healthcare professionals managing other emergencies.

Results

Study characteristics

The literature search identified 5029 citations. After removing 512

duplicates, titles and abstracts of the remaining 4517 articles were

screened. One hundred and three articles for full-text review were

identified. Seventy-seven studies were excluded in the full-text

review because they did not fulfill the inclusion criteria. Reasons

for exclusion were wrong study intervention, wrong comparator,

wrong patient/participant population, not a peer-reviewed primary

study, wrong study design, wrong outcomes and 1 study was

excluded because we were unable to locate the full-text due to miss-

ing identifiers in Covidence. Hand-searching article bibliographies

led to the inclusion of 3 further studies.23–25 A total of 29 studies were
included in the final analysis. For the flow chart please refer to Fig. 1.

The PRISMA checklist can be found in Appendix 2.

Appendix 3 displays the included studies’ characteristics,

designs, and main outcomes. Table 1 shows an overview of the

study characteristics.

We were unable to find studies involving patients, however, all

studies included simulated cardiac arrests respective emergencies,

which the ILCOR EIT task force valued as surrogates for real

resuscitations.5

Risk of bias assessment and certainty of evidence

Risk of bias for included individual studies ranged from ‘low’ to ‘high’.

The detailed risk of bias assessment tables can be found in

Appendix 4. Overall, the included studies varied considerably in

methodology used, cognitive aids evaluated, types of outcomes

and provider population. For details, please refer to Table 1 and 2.

Certainty of evidence was mainly rated as ‘very low’ (Appendix 5),

downgraded for serious indirectness, serious/very serious risk of

bias, serious inconsistency, and/or serious/very serious imprecision.

One outcome (CPR quality) was rated as low certainty evidence,

downgraded for very serious indirectness; and one outcome (feasi-

bility of Chatbot guidance) was rated as moderate certainty evidence

downgraded for serious indirectness.

Overview of study outcomes

Table 2 displays a summary of the types of outcomes, the overall

findings, as well as the risk of bias assessment for no cognitive aid

use compared to cognitive aid use. Since we were unable to identify

studies in patients, we did not identify any relevant studies for the

critical outcomes of survival to hospital discharge with good neuro-

logical outcome, and survival to hospital discharge. The results are

divided into five different populations: healtcare professionals

managing simulated resuscitations in neonates, children, adult

advanced life support, and other emergencies; as well as lay provi-

ders managing resuscitations.

Healthcare professionals managing simulated resuscitation

in neonates (compare RoB Table 1 in Appendix 4 and

Table 2)

For the important outcome of adherence to a protocol or process, we

identified very low certainty evidence (downgraded for serious indi-

rectness and serious impression) from 4 studies26–29 with a total of

89 participants in the intervention groups and 84 participants in the

control groups. One study29, investigating an electronic decision sup-

port tool demonstrated improvement in performance scores. One

study27 investigating an audio-visual prompt device demonstrated

fewer deviations from a resuscitation algorithm. One study28 investi-

gating an audio-visual guidance tool demonstrated improved adher-

ence to a resuscitation algorithm and performance to a guideline.

And one study26 investigating a poster of an algorithm demonstrated

no difference in performance.

Healthcare professionals managing simulated resuscitation

in children (compare RoB Table 2 in Appendix 4 and

Table 2)

For the important outcome of CPR quality, we found low certainty

evidence from two RCTs.30,31 One study investigating the use of a

checklist by 16 individuals in the intervention and control groups

found no difference in CPR performance.31 One study investigating

https://www.covidence.org
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Fig. 1 – Consort flow diagram.
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a decision support app with 32 teams in the intervention group and

75 teams in the two control arms also showed no difference in

CPR quality metrics.30

For the important outcome of adherence to a protocol or process

we found very low certainty evidence (downgraded for very serious

risk of bias and serious indirectness) from two RCTs.30,32 One study

investigating a computer-based resuscitation tool found improve-

ments in the number of tasks completed with the tool. Other time-

relevant interventions showed no benefit.32 One study investigating

a decision support app found significantly fewer deviations from

guideline recommendations in the intervention group.30

Healthcare professionals managing adult advanced life

support (compare RoB Table 3 in Appendix 4 and Table 2)

For the important outcome adherence to a protocol or process, we

identified very low certainty evidence (downgraded for very serious

risk of bias and serious indirectness and very serious imprecision)
from eight RCTs.23–25,33–37 Four studies24,33,36,37 investigated the

use of interactive smartphone apps. Two of them reported improved

performance scores33,37, two demonstrated significantly improved

adherence to correct sequences and reduced errors of

commission.24,36.

One study using an interactive computer prompt device demon-

strated little difference in performance between the intervention

and control group in managing familiar algorithms but improved per-

formance in the intervention group when managing less familiar

protocols.23.

Another study using an interactive large-screen clinical deci-

sion display system demonstrated several interventions per-

formed closer to ACLS� recommendations.34 Two studies25,35

investigated the use of interactive tablet apps. One study35

showed improved performance scores in the intervention group.

One study25 showed variable results between the intervention

and control groups.



Table 1 – Cognitive aid use in resuscitation – a systematic review: Overview study characteristics.

Years of publication 1995–2023

Countries of studies Europe (5 Germany35,38,39,45,47, 2 United Kingdom25,37, 2 Austria44,49, 1 The Netherlands29, 1

Italy30, 1 France31, 1 Sweden40, 1 Ireland43, 1 Spain50)

North America (9 USA13,23,24,27,32,34,36,41,48, 2 Canada26,33)

Middle East (1 Israel28)

Asia (1 Korea42, 1 China46)

Population Healthcare professionals managing neonatal resuscitations (n = 4)26–29

Healthcare professionals managing paediatric resuscitations (n = 3)30–32

Healthcare professionals managing adult advanced life support (n = 8)23–25,33–37

Healthcare professionals managing other emergencies (n = 5)13,38–41

Lay provider managing resuscitations(n = 9)42–50

Non-interactive cognitive aids

(n = 12)13,26,27,31,38–42,44,46,49
Poster (n = 1)26

Tablet with auditory and visual prompts (n = 1)27

Checklist (n = 6)13,31,38–41

Smartphone app (n = 2)42,44

Flowchart (n = 1)49

Instruction card (n = 1)46

Interactive cognitive aids

(n = 17)23–25,28–37,43,45,47,48,50
Audio voice guidance app (n = 1)28

Augmented reality decision support tool (n = 1)29

Tablet app (n = 4)24,25,30,35

Personal digital assistant app (n = 3)32,47,48

Smartphone app (n = 5)33,36,37,43,45

Computer-based clinical decision display system (n = 2)23,34

Chatbot (n = 1)50

n = number of studies.

Table 2 – Cognitive aid use in resuscitation – a systematic review: Overview of the types of outcomes, the overall
findings, risk of bias (RoB) assessments for no cognitive aid use compared to cognitive aid use (primary
outcomes).

Types of Outcome Population Number of

studies

Neutral In favour of no

cognitive aid

In favour of

cognitive aid

Risk of Bias of

single studies

Adherence to protocol or process Neonates 426–29 126 � 327–29 Low26,28

High27,29

Paediatric 230,32 � � 230,32 High30,32

Adult Advanced

Life Support

823–25,33–37 125 � 723,24,33–37 Low33,36

High23–25,34,35,37

Other

emergencies

413,38–40 � � 413,38–40 Low39

High13,38,40

Lay provider 147 � � 147 Low47

Adherence to protocol or process

assessed by performance score

Lay provider 542–46 145 � 442–44,46 Low42,45

High43,44,46

CPR quality Paediatric 230,31 230,31 � � Low31

High30

Other

emergencies

141 141 � � High41

Lay provider 344,48,49 � 344,48,49 248,49 High44,48,49

CPR performance and retention Other

emergencies

141 � � 141 High41

Feasibility of chatbot guidance Lay provider 150 150 � � Low50
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Healthcare professionals managing other emergencies

related to resuscitation (compare RoB Table 4 in Appendix

4 and Table 2)

For the important outcome of adherence to a protocol or process, we

identified very low certainty evidence (downgraded for very serious

risk of bias and serious imprecision) from four RCT.13,38–40 Two stud-

ies13,38 with a total of 79 participants in each of the intervention and
control groups demonstrated highly significant increases in average

performance scores38 and reduced failure to adhere to critical

steps.13 Two studies39,40 with 607 participants in 85 teams in the

intervention and 95 teams in control groups demonstrated that using

a medical emergency checklist resulted in 9% absolute and 15% rel-

ative risk reduction of failure to adhere to guideline-adherent critical

process steps. All teams had a lower failure rate for adherence to key
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processes with the intervention.39 With a checklist, the intervention

groups had significantly shorter time to adequate administration of

glucose in hypoglycemia (median times 632 s with checklist, 756 s

without checklist, p = 0.03) but did not shorten the time to perfor-

mance of the other nine emergency interventions. Access to crisis

checklists had no impact on whether emergency interventions were

carried out or not.40.

For the important outcome CPR performance and retention, we

identified very low certainty evidence (downgraded for very serious

risk of bias, serious indirectness and serious imprecision) from one

RCT41 indicating long checklists superior to short checklists or no

checklist for overall performance on procedural variables but not

for CPR quality.41

Lay providers delivering resuscitation (compare RoB

Table 5 in Appendix 4 and Table 2)

For the important outcome of adherence to a protocol or process

assessed by a performance score, we identified very low certainty

evidence (downgraded for very serious risk of bias, serious inconsis-

tency and very serious impression) from five RCTs.42–46 Three stud-

ies42–44 investigating the use of mobile phone applications,

demonstrated improved adherence to a process measured using a

checklist or performance score. One study45 investigating a mobile

phone application using yes/no questions found no significant

improvement. One study investigating the use of an instruction card

by individuals found improved adherence to the sequence of AED

use and improved time to shock.46

For the important outcome of adherence to a protocol or process

(assessed with an Objective Structured Clinical Examination (OSCE)

score), we found low certainty evidence (downgraded for very seri-

ous indirectness) from one observational study47. Investigating the

use of speech recognition software on a personal digital assistant

device the study demonstrated improved OSCE points scores.47

For the important outcome of quality of CPR we identified very

low certainty evidence (downgraded for very serious risk of bias, seri-

ous inconsistency and serious indirectness) from two RCTs.48,49

One study48 investigating the use of a voice-activated visual and

auditory-assisted decision device demonstrated improved adher-

ence to a 30:2 CPR ratio. One study49 investigating the use of a flow-

chart demonstrated reduced hands-off time during CPR.

We identified moderate certainty evidence (downgraded for seri-

ous indirectness) from one observational study50 investigating the

feasibility of Chatbot guidance which demonstrated thirty-three per-

cent of participants achieved high-quality CPR, 86% achieved quality

chest release, 38% did so in depth of compressions and only 5% in

compression rate. Twenty-four percent achieved a mean depth

between 50 and 60 mm and 62% achieved a mean rate between

100 and 120 compressions/min.50.

We found very low certainty evidence from three studies44,48,49

involving lay providers with a total of 255 participants that demon-

strated potentially undesirable effects. Two RCTs48,49 identified sig-

nificant increases in time to commencing chest compressions. One

RCT44 found delays in calling emergency services and delays in

commencing chest compressions.

Discussion

Cognitive aids are widely used in medicine to improve patient care,

improve adherence to guidelines, improve performance, and reduce
errors.4 Their effectiveness in reducing errors in elective situations11

as well as in clinical emergencies has12,13 been demonstrated,

whereas in other clinical situations, results remain inconclusive.5

Resuscitation councils worldwide produce cognitive aids and recom-

mend their use in education and clinical practice, even though their

effectiveness in cardiopulmonary resuscitation to improve patient

outcome and/or provider performance has not been conclusively pro-

ven. In this systematic review, we identified 29 studies in five differ-

ent populations populations (healthcare professionals providing

resuscitation for neonates, children, adult advanced live support,

other emergencies related to resuscitation, and lay providers provid-

ing resuscitation). All included studies evaluate cognitive aid use in

simulated cardiac arrests, which the ILCOR EIT task force validated

as a surrogate for real cardiac arrests. With very low certainty evi-

dence from simulation studies, cognitive aids should be used by

healthcare professionals during resuscitation, but not by lay provi-

ders (low certainty evidence).

Because we were unable to identify relevant outcomes for the

critical outcomes of survival to hospital discharge with good neuro-

logical outcome, and survival to hospital discharge in patients sus-

taining cardiac arrest, we were unable to determine if cognitive

aids are effective in improving patient outcomes. Additionally, it is

unclear whether cognitive aid use during resuscitation improves pro-

vider performance during actual resuscitations, as no evidence has

been found for the use of cognitive aids by trained healthcare profes-

sionals or lay providers during actual cardiac arrests. However, since

simulated cardiac arrests can be seen as surrogates for actual car-

diac arrests5, evidence from this systematic review might still be

transferrable to the clinical setting.

In cardiac arrest situations where healthcare professionals are

present, there is consistent evidence in favour of cognitive aid use

during resuscitation, however, in cardiac arrest situations where lay

providers manage the arrest, there is consistent evidence that there

are potentially clinically important delays in initiating CPR when using

a cognitive aid.44,48,49 Also, delays in calling emergency services

have been observed.44 Therefore we recommend differentiating

between healthcare professionals and lay providers, and conclude

that with very low certainty evidence, cognitive aids should be used

by healthcare professionals during resuscitation, but not by lay pro-

viders (low certainty evidence) to avoid probable adverse effects

on patient outcomes.

In this systematic review, we have included both interactive and

non-interactive cognitive aids and summarized them as one entity.

Interactive cognitive aids might perform differently than non-

interactive cognitive aids. We cannot comment on the difference in

performance between use of interactive and non-interactive cognitive

aids, since there is such a heterogeneity between cognitive aids

used, there is a risk of bias with this approach.

The ILCOR Education Implementation and Team (EIT) taskforce

has previously considered the trauma resuscitation environment as

being sufficiently similar to the cardiopulmonary resuscitation envi-

ronment to extrapolate evidence, which shows that trauma resuscita-

tion teams better adhere to resuscitation guidelines, make fewer

errors and perform key clinical tasks more frequently while using

cognitive aids.51,52 Due to the recent sufficient new studies address-

ing the use of cognitive aids in resuscitation, albeit in a simulated

environment, the ILCOR EIT taskforce decided to exclude trauma

studies from this review. The decision has been made after discus-

sion because there may be important differences between cardiac

arrest management and trauma management.
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Several studies included in this systematic review used compos-

ite scores as their primary outcome (e.g., scores calculated based on

the completion of multiple clinical tasks). We have decided to include

these outcomes in the review, however, because of their high hetero-

geneity, it was impossible to compare and consolidate the results.

These outcomes can be found in Appendix 3.

Limitations of the systematic review, knowledge gaps, and

future research

This systematic review was limited to the use of cognitive aids in

healthcare professionals and lay providers during cardiopulmonary

resuscitation. We did not examine the use of cognitive aids in training

in cardiopulmonary resuscitation for healthcare professionals and/or

lay providers. This aspect will be examined separately in the future.

The most crucial limitation of the results of this review is that no

study was identified looking at real-life resuscitations, therefore sim-

ulated cardiac arrests were used as surrogates for real cardiac arrest

to issue the recommendations. Therefore, there is an urgent need for

adequately powered studies investigating the impact of cognitive aid

use during real-life resuscitations and on patient survival and other

outcomes. Due to the high heterogeneity of methodological

approaches, we deemed it impossible to perform a meta-analysis.

Interactive and non-interactive cognitive aids were analyzed together

as one entity, and not separately.

Currently, there is worldwide increase in new technology in the

form of Artificial Intelligence. In this review, we have included one

observational study evaluating the feasibility of Chatbot guidance

in lay providers.50 We consider this the first study of this kind pub-

lished. Future updates will need to look at new technologies used

increasingly as cognitive aids in various circumstances.

Most studies included in this review were performed either in Eur-

ope or North America in middle to high-income countries. Studies

performed in other regions of the world, and in low-resource settings

are necessary to determine if there are differences in performance

while using cognitive aids.

Further studies need to investigate effective implementation

strategies of cognitive aids during training, simulated cardiac arrest

and real-life resuscitation efforts for healthcare professinals and lay

providers. It is also crucial to perform cost-effectiveness studies on

cognitive aid use during resuscitation and training, as development

cost might be an issue, and to investigate which cognitive aids are

more effective than others. While we have not included studies look-

ing specifically at cognitive aid use during healthcare professional

and lay provider cardiopulmonary resuscitation training, there is a

need for further studies in this area.

Conclusion

This systematic review assessed cognitive aid use during resuscitation –

using simulation studies as a surrogate of resuscitation in real life, and

found very low certainty evidence from simulation studies. Therefore,

we suggest that healthcare professionals should use cognitive aids dur-

ing adult, paediatric and neonatal resuscitations as well as during man-

agement of other emergencies related to resuscitation. However,

because of potential adverse effects (delay in starting chest compres-

sions) lay providers should not use cognitive aids when initiating car-

diopulmonary resuscitation. As we did not examine the use of
cognitive aids in health care professional or lay provider training, we can-

not recommend for or against the use of cognitive aids during training.

Funding

None.

Other disclosures

None.

Ethics committee review

Not applicable.

Disclaimers

None.

CRediT authorship contribution statement

Sabine Nabecker:Writing – review & editing, Writing – original draft,

Visualization, Project administration, Methodology, Formal analysis,

Data curation, Conceptualization. Kevin Nation: Writing – review

& editing, Visualization, Validation, Methodology, Formal analysis,

Data curation, Conceptualization. Elaine Gilfoyle: Writing – review

& editing, Methodology, Data curation, Conceptualization. Cristian

Abelairas-Gomez: Writing – review & editing, Validation, Supervi-

sion, Methodology, Formal analysis, Conceptualization. Elina

Koota: Writing – review & editing, Visualization, Validation, Supervi-

sion, Methodology. Yiqun Lin: Writing – review & editing, Supervi-

sion, Data curation. Robert Greif: Writing – review & editing,

Writing – original draft, Visualization, Validation, Supervision,

Methodology, Investigation, Conceptualization.

Declaration of competing interest

The authors declare the following financial interests/personal

relationships which may be considered as potential competing inter-

ests: SN, KN, CAG, EK, and RG are members of the ILCOR EIT

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

ILCOR, RG is Editorial Board member of Resuscitation 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 system-

atic review: Natalie Anderson, Farhan Bhanji, Jan Breckwoldt, Adam

Cheng, Andrea Cortegiani, Aaron Donoghue, Kathryn Eastwood,

Barbara Farquharson, Ming-Ju Hiseih, Ying-Chih Ko, Kasper G. Lau-

ridsen, Yiquin Lin, Andrew Lockey, Tasuku Mastsuyama, Alexander



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 7 5
Olaussen, Taylor Sawyer, Sebastian Schnaubelt, Chih-Wei Yang,

and Joyce Yeung.

Appendix A. Supplementary data

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

org/10.1016/j.resplu.2024.100675.

Author details

on behalf of the Education Implementation Team Task Force of the
International Liaison Committee on Resuscitation (ILCOR) aDepart-

ment of Anesthesiology and Pain Management, Sinai Health

System, University of Toronto, Toronto, Canada bNew Zealand

Resuscitation Council, Wellington, New Zealand cDepartment of

Critical Care Medicine, The Hospital for Sick Children, Toronto,

Canada dFaculty of Education Sciences and CLINURSID Research

Group, Universidade de Santiago de Compostela, Santiago de

Compostela, Spain eSimulation and Intensive Care Unit of Santiago

(SICRUS) Research Group, Health Research Institute of Santiago,

University Hospital of Santiago de Compostela-CHUS, Santiago de

Compostela, Spain fHUS Joint Resources, Helsinki University

Hospital, University of Helsinki, Helsinki, Finland gKidSIM Simulation

Education and Research Program, Alberta Children’s Hospital,

University of Calgary, Calgary, Alberta, Canada hUniversity of Bern,

Bern, Switzerland iDepartment of Surgical Science, University of

Torino, Torino, Italy
R E F E R E N C E S
1. Perkins GD, Graesner JT, Semeraro F, et al. European resuscitation

council guideline C: European resuscitation council guidelines 2021:

Executive summary. Resuscitation 2021;161:1–60.

2. Sultan EH, TK: Maximizing Safety in Aerospace, Aviation, and

Anesthesia. ASA Monitor (Anesthesia Patient Safety Foundation)

2022.

3. Babcock WW. Resuscitation during anesthesia.*. Anesthesia &

Analgesia 1924;3:208–13.

4. Fletcher KBW: Cognitive aids: design suggestions for the medical

field. Proceedings of the International Symposium on Human Factors

and Ergonomics in Health Care 2014; 3.

5. Marshall S. The use of cognitive aids during emergencies in

anesthesia: a review of the literature. Anesth Analg

2013;117:1162–71.

6. Haynes AB, Weiser TG, Berry WR, et al. Safe surgery saves lives

study G: A surgical safety checklist to reduce morbidity and mortality

in a global population. N Engl J Med 2009;360:491–9.

7. Weiser TG, Haynes AB, Dziekan G, Berry WR, Lipsitz SR, Gawande

AA. Safe surgery saves lives I, study G: Effect of a 19-item surgical

safety checklist during urgent operations in a global patient

population. Ann Surg 2010;251:976–80.

8. Haugen AS, Waehle HV, Almeland SK, et al. Causal analysis of

world health organization’s surgical safety checklist implementation

quality and impact on care processes and patient outcomes:

secondary analysis from a large stepped wedge cluster randomized

controlled trial in norway. Ann Surg 2017.

9. de Vries EN, Prins HA, Crolla RM, et al. Effect of a comprehensive

surgical safety system on patient outcomes. N Engl J Med

2010;363:1928–37.
10. Lau CSMCRS: The World Health Organization Surgical Safety

Checklist Improves Post-operative Outcomes: A Meta-Analysis and

Systematic Review. Surgical Science 2016; 7: 206-2017.

11. Borchard A, Schwappach DL, Barbir A, Bezzola P. A systematic

review of the effectiveness, compliance, and critical factors for

implementation of safety checklists in surgery. Ann Surg

2012;256:925–33.

12. Greig PR, Zolger D, Onwochei DN, Thurley N, Higham H, Desai N.

Cognitive aids in the management of clinical emergencies: a

systematic review. Anaesthesia 2023;78:343–55.

13. Arriaga AF, Bader AM, Wong JM, et al. Simulation-based trial of

surgical-crisis checklists. N Engl J Med 2013;368:246–53.

14. Berg KM, Bray JE, Ng KC, et al. 2023 international consensus on

cardiopulmonary resuscitation and emergency cardiovascular care

science with treatment recommendations: summary from the basic

life support; advanced life support; pediatric life support; neonatal life

support; education, implementation, and teams; and first aid task

forces. Circulation 2023;148:e187–280.

15. Berg KM, Bray JE, Ng KC, et al. International consensus on

cardiopulmonary resuscitation and emergency cardiovascular care

science with treatment recommendations: summary from the basic

life support; advanced life support; pediatric life support; neonatal life

support; education, implementation, and teams; and first aid task

forces. Resuscitation 2023;2024(195)109992.

16. Merchant RM, Topjian AA, Panchal AR, et al. Advanced life support

PB, advanced life support NLSRES, systems of care writing G: Part

1: Executive summary: 2020 American heart association guidelines

for cardiopulmonary resuscitation and emergency cardiovascular

care. Circulation 2020;142:S337–57.

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

statement: an updated guideline for reporting systematic reviews.

BMJ 2021;372:n71.

18. St. Pierre MH, G; Simon, R; Buershaper, C.: Crisis Management in

Acute Care Settings Human Factors, Team Psychology, and Patient

Safety in a High Stakes Environment. 2011.

19. 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.

20. 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.

21. 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.

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

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

2020;368:l6890.

23. Schneider AJ, Murray WB, Mentzer SC, Miranda F, Vaduva S.

“Helper:” A critical events prompter for unexpected emergencies. J

Clin Monit 1995;11:358–64.

24. Field LC, McEvoy MD, Smalley JC, et al. Use of an electronic

decision support tool improves management of simulated in-hospital

cardiac arrest. Resuscitation 2014;85:138–42.

25. Jones IHJ, Williams J, Lonsdale H. Does electronic decision support

influence advanced life support in simulated cardiac arrest? British

Journal of Cardiac Nursing 2019;14(2):72–9.

26. Bould MD, Hayter MA, Campbell DM, Chandra DB, Joo HS, Naik VN.

Cognitive aid for neonatal resuscitation: a prospective single-blinded

randomized controlled trial. Br J Anaesth 2009;103:570–5.

27. Fuerch JH, Yamada NK, Coelho PR, Lee HC, Halamek LP. Impact of

a novel decision support tool on adherence to neonatal resuscitation

program algorithm. Resuscitation 2015;88:52–6.

28. Dinur G, Borenstein-Levin L, Vider S, et al. Evaluation of audio-voice

guided application for neonatal resuscitation: a prospective,

randomized, pilot study. J Perinat Med 2021;49:520–5.

29. Tsang KD, Ottow MK, van Heijst AFJ, Antonius TAJ. Electronic

Decision Support in the Delivery Room Using Augmented Reality to

https://doi.org/10.1016/j.resplu.2024.100675
https://doi.org/10.1016/j.resplu.2024.100675
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0005
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0005
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0005
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0015
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0015
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0025
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0025
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0025
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0030
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0030
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0030
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0035
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0035
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0035
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0035
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0040
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0040
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0040
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0040
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0040
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0045
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0045
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0045
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0055
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0055
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0055
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0055
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0060
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0060
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0060
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0065
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0065
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0070
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0070
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0070
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0070
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0070
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0070
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0075
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0075
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0075
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0075
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0075
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0075
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0080
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0080
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0080
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0080
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0080
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0085
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0085
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0085
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0095
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0095
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0100
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0100
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0100
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0105
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0105
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0105
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0105
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0110
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0110
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0110
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0115
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0115
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0115
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0120
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0120
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0120
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0125
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0125
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0125
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0130
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0130
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0130
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0135
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0135
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0135
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0140
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0140
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0140
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0145
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0145


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 7 5 9
Improve Newborn Life Support Guideline Adherence: A Randomized

Controlled Pilot Study. Simul Healthc 2022;17:293–8.

30. Corazza F, Arpone M, Tardini G, et al. Effectiveness of a novel tablet

application in reducing guideline deviations during pediatric cardiac

arrest: a randomized clinical trial. JAMA Netw Open 2023;6:

e2327272.

31. Ghazali DA, Rousseau R, Breque C, Oriot D. Effect of real-time

feedback device compared to use or non-use of a checklist

performance aid on post-training performance and retention of infant

cardiopulmonary resuscitation: A randomized simulation-based trial.

Australas Emerg Care 2023;26:36–44.

32. Lerner C, Gaca AM, Frush DP, Hohenhaus S, Ancarana A, Seelinger

TA, Frush K. Enhancing pediatric safety: assessing and improving

resident competency in life-threatening events with a computer-

based interactive resuscitation tool. Pediatr Radiol 2009;39:703–9.

33. Brophy SL, McCue MR, Reel RM, Jones TD, Dias RD. The impact of

a smartphone-based cognitive aid on clinical performance during

cardiac arrest simulations: A randomized controlled trial. AEM Educ

Train 2023;7:e10880.

34. Crabb DB, Hurwitz JE, Reed AC, et al. Innovation in resuscitation: A

novel clinical decision display system for advanced cardiac life

support. Am J Emerg Med 2021;43:217–23.

35. Grundgeiger T, Hahn F, Wurmb T, Meybohm P, Happel O. The use

of a cognitive aid app supports guideline-conforming

cardiopulmonary resuscitations: A randomized study in a high-fidelity

simulation. Resusc plus 2021;7:100152.

36. Hejjaji V, Malik AO, Peri-Okonny PA, et al. Mobile app to improve

house officers’ adherence to advanced cardiac life support

guidelines: quality improvement study. JMIR Mhealth Uhealth

2020;8:e15762.

37. Low D, Clark N, Soar J, et al. A randomised control trial to determine

if use of the iResus(c) application on a smart phone improves the

performance of an advanced life support provider in a simulated

medical emergency. Anaesthesia 2011;66:255–62.

38. Knoche BB, Busche C, Grodd M, Busch HJ, Lienkamp SS. A

simulation-based pilot study of crisis checklists in the emergency

department. Intern Emerg Med 2021;16:2269–76.

39. Sellmann T, Alchab S, Wetzchewald D, et al. Simulation-based

randomized trial of medical emergency cognitive aids. Scand J

Trauma Resusc Emerg Med 2022;30:45.

40. Dryver E, Knutsson J, Ekelund U, Bergenfelz A. Impediments to and

impact of checklists on performance of emergency interventions in
primary care: an in situ simulation-based randomized controlled trial.

Scand J Prim Health Care 2021;39:438–47.

41. Ward P, Johnson LA, Mulligan NW, Ward MC, Jones DL. Improving

cardiopulmonary resuscitation skills retention: effect of two checklists

designed to prompt correct performance. Resuscitation

1997;34:221–5.

42. Choa M, Cho J, Choi YH, Kim S, Sung JM, Chung HS. Animation-

assisted CPRII program as a reminder tool in achieving effective

one-person-CPR performance. Resuscitation 2009;80:680–4.

43. Hawkes GA, Murphy G, Dempsey EM, Ryan AC. Randomised

controlled trial of a mobile phone infant resuscitation guide. J

Paediatr Child Health 2015;51:1084–8.

44. Paal P, Pircher I, Baur T, et al. Mobile phone-assisted basic life

support augmented with a metronome. J Emerg Med 2012;43:472–7.

45. Zanner R, Wilhelm D, Feussner H, Schneider G. Evaluation of M-

AID, a first aid application for mobile phones. Resuscitation

2007;74:487–94.

46. Zhou Q, Dong X, Zhang W, et al. Effect of a low-cost instruction card

for automated external defibrillator operation in lay rescuers: a

randomized simulation study. World J Emerg Med 2023;14:265–72.

47. Ertl L, Christ F. Significant improvement of the quality of bystander

first aid using an expert system with a mobile multimedia device.

Resuscitation 2007;74:286–95.

48. Hunt EA, Heine M, Shilkofski NS, et al. Exploration of the impact of a

voice activated decision support system (VADSS) with video on

resuscitation performance by lay rescuers during simulated

cardiopulmonary arrest. Emerg Med J 2015;32:189–94.

49. Rossler B, Ziegler M, Hupfl M, et al. Can a flowchart improve the

quality of bystander cardiopulmonary resuscitation? Resuscitation

2013;84:982–6.

50. Otero-Agra M, Jorge-Soto C, Cosido-Cobos OJ, et al. Can a voice

assistant help bystanders save lives? A feasibility pilot study chatbot

in beta version to assist OHCA bystanders. Am J Emerg Med

2022;61:169–74.

51. 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.

52. 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.

http://refhub.elsevier.com/S2666-5204(24)00126-7/h0145
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0145
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0150
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0150
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0150
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0150
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0155
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0155
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0155
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0155
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0155
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0160
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0160
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0160
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0160
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0165
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0165
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0165
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0165
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0170
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0170
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0170
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0175
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0175
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0175
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0175
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0180
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0180
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0180
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0180
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0185
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0185
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0185
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0185
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0190
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0190
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0190
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0195
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0195
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0195
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0200
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0200
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0200
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0200
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0205
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0205
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0205
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0205
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0210
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0210
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0210
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0215
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0215
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0215
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0220
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0220
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0225
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0225
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0225
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0230
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0230
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0230
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0235
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0235
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0235
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0240
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0240
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0240
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0240
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0245
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0245
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0245
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0250
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0250
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0250
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0250
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0255
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0255
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0255
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0255
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0260
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0260
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0260
http://refhub.elsevier.com/S2666-5204(24)00126-7/h0260

	Cognitive aids used in simulated resuscitation: �A systematic review
	Introduction
	Methods
	Definitions
	Eligibility criteria
	Information, sources and search strategy
	Data extraction
	Risk of bias assessment
	Synthesis method

	Results
	Study characteristics
	Risk of bias assessment and certainty of evidence
	Overview of study outcomes
	Healthcare professionals managing simulated resuscitation in neonates (compare RoB Table&blank;1 in Appendix 4 and Table&blank;2)
	Healthcare professionals managing simulated resuscitation in children (compare RoB Table&blank;2 in Appendix 4 and Table&blank;2)
	Healthcare professionals managing adult advanced life support (compare RoB Table&blank;3 in Appendix 4 and Table&blank;2)
	Healthcare professionals managing other emergencies related to resuscitation (compare RoB Table&blank;4 in Appendix 4 and Table&blank;2)
	Lay providers delivering resuscitation (compare RoB Table&blank;5 in Appendix 4 and Table&blank;2)

	Discussion
	Limitations of the systematic review, 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


