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ABSTRACT: This is the eighth annual summary of the International Liaison Committee on Resuscitation International Consensus 
on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations; a more 
comprehensive review was done in 2020. This latest summary addresses the most recent published resuscitation evidence 
reviewed by the International Liaison Committee on Resuscitation task force science experts. Members from 6 International 
Liaison Committee on Resuscitation task forces have assessed, discussed, and debated the quality of the evidence, using 
Grading of Recommendations Assessment, Development, and Evaluation criteria, and their statements include consensus 
treatment recommendations. Insights into the deliberations of the task forces are provided in the Justification and Evidence-
to-Decision Framework Highlights sections. In addition, the task forces list priority knowledge gaps for further research.

Key Words: AHA Scientific Statements ◼ advanced life support ◼ basic life support ◼ cardiac arrest ◼ first aid ◼ ILCOR  
◼ neonatal ◼ resuscitation

This is the eighth in a series of annual International 
Liaison Committee on Resuscitation (ILCOR) Inter-
national Consensus on Cardiopulmonary Resusci-

tation and Emergency Cardiovascular Care Science With 
Treatment Recommendations (CoSTR) summary pub-
lications summarizing the ILCOR task forces’ analyses 
of published resuscitation evidence since ILCOR began 
the more continuous process of evidence evaluation in 
2015. Summarizing the work from the 6 task forces over 
the past year, this year’s review includes 19 systematic 
reviews (SysRevs) with new or updated treatment rec-
ommendations. Although only SysRevs can generate a 
full CoSTR and new treatment recommendations, 14 
scoping reviews (ScopRevs) and 30 evidence updates 
(EvUps) are also included.

Draft CoSTRs for all topics evaluated with SysRevs 
were posted on a rolling basis between December 1, 

Abbreviations and Acronyms

AED	 automated external defibrillation
ALS	 advanced life support
BLS	 basic life support
BMV	 bag-mask ventilation
BP	 blood pressure
CAC	 cardiac arrest center 
CERTA	� Continuous EEG Randomized Trial 

in Adults
COPD	� chronic obstructive pulmonary 

disease
CPR	 cardiopulmonary resuscitation 
DA-CPR	� dispatcher-assisted 

cardiopulmonary resuscitation
ECLS	 extracorporeal life support
ECMO	� extracorporeal membrane 

oxygenation
ECPR	� extracorporeal cardiopulmonary 

resuscitation
EEG	 electroencephalogram
EIT	� Education, Implementation, and 

Teams
EMS	 emergency medical services
FA	 first aid
GRADE	� Grading of Recommendations 

Assessment, Development, and 
Evaluation

ICU	 intensive care unit
IHCA	 in-hospital cardiac arrest
ILCOR	� International Liaison Committee on 

Resuscitation
IPD	 individual patient data
IQR	 interquartile range
MAP	 mean arterial pressure
NLS	 neonatal life support
NMA	 network meta-analysis
NNT	 number needed to treat
OHCA	 out-of-hospital cardiac arrest

PEARLS	� Promoting Excellence and 
Reflective Learning in Simulation

PICO	� population, intervention, 
comparator, outcome

PICOST	� population, intervention, 
comparator, outcome, study design, 
and time frame

PLS	 pediatric life support
PROSPERO	� Prospective Register of Systematic 

Reviews
RCDP	 rapid cycle deliberate practice
RCT	 randomized controlled trials
ROC	 return of circulation
ROSC	 return of spontaneous circulation
SGA	 supraglottic airway
STEMI	� ST-segment–elevation myocardial 

infarction 
TELSTAR	� Treatment of Electroencephalo-

graphic Status Epilepticus After 
Cardiopulmonary Resuscitation 

TI	 tracheal intubation
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2023, and January 24, 2024, on the ILCOR website.1 Each 
draft CoSTR includes the data reviewed and draft treat-
ment recommendations, with public comments accepted 
for 2 weeks after posting. In some cases, if requested, 
public comment was permitted for longer. Task forces 
considered public feedback and provided responses. The 
33 draft CoSTR statements and ScopRevs were viewed 
≈18 200 times, and 38 comments were provided. All 
CoSTRs are now available online, adding to the existing 
CoSTR statements.

This summary statement contains the final wording 
of the treatment recommendations and good practice 
statements as approved by the ILCOR task forces, but it 
differs in several respects from the online CoSTRs. The 
language used to describe the evidence is not restricted 
to standard Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) terminol-
ogy,2 making it more accessible to a wider audience, 
and in some cases only the high-priority outcomes are 
reported. The Justification and Evidence-to-Decision 
Framework Highlights sections are generally shortened 
but aim to provide a transparent rationale for treatment 
recommendations. The complete evidence-to-decision 
frameworks are provided in Appendix A. Finally, the task 
forces have prioritized knowledge gaps requiring future 
research studies. Links to the published reviews and 
full online CoSTRs are provided in the corresponding 
sections.

The CoSTRs are based on analysis of the data using 
the GRADE approach.2 SysRevs are conducted by 
expert systematic reviewers or by task force members, 
always with the involvement of ILCOR content experts. 
The GRADE approach guides the rating of the certainty 
of evidence that supports the intervention effects (pre-
defined by the population, intervention, comparator, out-
come [PICO] question). Certainty is categorized as high, 
moderate, low, or very low. Randomized controlled trials 
(RCTs) begin the analysis as high-certainty evidence, and 
observational studies begin the analysis as low-certainty 
evidence. Certainty of evidence can be downgraded for 
risk of bias, inconsistency, indirectness, imprecision, or 
publication bias; it can be upgraded for a large effect, for 
a dose-response effect, or if any residual confounding 
would be thought to decrease the detected effect.

The format for outcome data reporting varies by the 
data available but ideally includes both relative risk (RR) 
and the absolute risk difference (ARD), both with 95% 
CI. The ARD enables a more clinically useful assess-
ment of the magnitude of the effect of an intervention 
and enables calculation of the number needed to treat 
(NNT=1/ARD). When the data do not enable absolute 
effect estimates, alternative measures of effect such as 
odds ratios (ORs) are reported.

Treatment recommendations are generated by the 
task forces after evaluating the evidence and after dis-
cussion. The strength of a recommendation does not 

depend solely on the certainty of evidence but also on 
the likely clinical impact as determined by task force 
members.

ILCOR’s goal is to review at least 20% of all PICO 
questions each year so that the CoSTRs reflect cur-
rent and emerging science. Acknowledging that many 
PICO topics will not have sufficient new evidence to 
warrant a SysRev, ILCOR implemented 2 additional 
levels of evidence review in 2020. ScopRevs are 
undertaken when the amount and type of evidence on 
a broader topic is unclear. Search strategies are simi-
lar in rigor to those of SysRevs, but ScopRevs do not 
include bias assessments or meta-analyses. Although 
ILCOR does not create or alter treatment recommen-
dations without a SysRev, if the topic of a ScopRev is 
thought to be of particular interest to the resuscitation 
community, good practice statements are often made. 
Good practice statements are not evidence-based 
recommendations but represent expert opinion in light 
of very limited data.

The third and least rigorous form of evidence eval-
uation is the EvUp, in which a minimum of a PubMed 
search is carried out to screen for significant new data 
and assess whether there has been sufficient new sci-
ence to warrant a more extensive review and updated 
CoSTR. EvUps can inform a decision about whether 
a SysRev should be undertaken but are not used to 
generate new or updated treatment recommendations 
because they do not include bias assessment, GRADE 
evidence evaluation, or meta-analysis. In this document, 
ScopRevs are summarized in the relevant task force sec-
tion, with references to the more complete online review. 
EvUps are listed at the end of each task force section 
in table form, with information including the prior treat-
ment recommendation(s) related to the PICO question, 
how many new studies were identified, key findings, and 
whether an updated SysRev is recommended. Complete 
EvUps are provided in Appendix B.

The following topics are addressed in this CoSTR 
summary:

BASIC LIFE SUPPORT
•	 Optimal surface for performing cardiopulmonary 

resuscitation (CPR; Basic Life Support [BLS] 2510: 
SysRev)

•	 Optimization of dispatcher-assisted recognition of 
out-of-hospital cardiac arrest (OHCA; BLS 2102: 
ScopRev)

•	 Optimization of dispatcher-assisted CPR (BLS 
2113: ScopRev)

•	 Optimization of dispatcher-assisted automated 
external defibrillation (AED) retrieval and use (BLS 
2120: ScopRev)

•	 Feedback for CPR quality (BLS 2511: ScopRev)
•	 Ultraportable or pocket AEDs (BLS 2603: ScopRev)
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•	 Compression-ventilation ratio (BLS 2202: EvUp)
•	 Hand positioning (BLS 2502: EvUp)
•	 CPR before defibrillation (BLS 2203: EvUp)
•	 Rhythm check during compressions (BLS 2211: 

EvUp)
•	 Head-up CPR (BLS 2503: EvUp)
•	 Public access defibrillation programs (BLS 2121: 

EvUp)

ADVANCED LIFE SUPPORT
•	 Post–cardiac arrest oxygenation and ventilation 

(Advanced Life Support [ALS] 3506 and 3516: 
SysRev)

•	 Post–cardiac arrest hemodynamics (ALS 3515: 
SysRev Adolopment)

•	 Post–cardiac arrest temperature control (ALS 3523, 
3524, 3525: SysRev)

•	 Post–cardiac arrest seizure prophylaxis and man-
agement (ALS 3502 and 3503: SysRev)

•	 Extracorporeal CPR (ALS 3001: SysRev)
•	 Cardiac arrest during pregnancy (ALS 3401: 

ScopRev)
•	 Front of neck airway access (ALS 3606: ScopRev)
•	 Cardiac arrest related to asthma (ALS 3408: EvUp)
•	 Atropine for cardiac arrest (ALS 3206: EvUp)
•	 Use of advanced airway during cardiac arrest (ALS 

3300, 3301, 3302, 3303, 3304: EvUp)
•	 Mechanical CPR devices (ALS 3002: EvUp)
•	 CPR-induced consciousness (ALS 3004: EvUp)
•	 Antiarrhythmics during and after cardiac arrest (ALS 

3201, 3514: EvUp)
•	 Cardiac arrest associated with pulmonary embolism 

(ALS 3400: EvUp)

PEDIATRIC LIFE SUPPORT
•	 Blood pressure targets following return of circu-

lation after cardiac arrest (Pediatric Life Support 
[PLS] 4190-01: SysRev)

•	 Effect of prophylactic antiseizure medication and 
treatment of seizures on outcome of pediatric 
patients after cardiac arrest (PLS 4210-02: SysRev)

•	 Advanced airway interventions in pediatric cardiac 
arrest (PLS 4060-01: SysRev)

•	 Ventilation rate with advanced airway during pediat-
ric cardiac arrest (PLS 4120-02: SysRev)

•	 Management of pulmonary hypertension with car-
diac arrest in infants and children in the hospital set-
ting (PLS 4160-11: ScopRev)

•	 Prearrest care of pediatric dilated cardiomyopathy 
or myocarditis (PLS 4030-19: EvUp)

•	 Ventilation rate in pediatric respiratory arrest with a 
perfusing rhythm present (post–cardiac arrest; PLS 
4120-01: EvUp)

NEONATAL LIFE SUPPORT
•	 Cord management at birth for preterm infants 

(Neonatal Life Support [NLS] 5051: SysRev)
•	 Effect of rewarming rate on outcomes for newborns 

who are unintentionally hypothermic after delivery 
(NLS 5700: SysRev)

•	 Therapeutic hypothermia in limited resource set-
tings (NLS 5701: SysRev)

EDUCATION, IMPLEMENTATION, AND 
TEAMS

•	 Cardiac arrest centers (Education, Implementation, 
and Teams [EIT] 6301: SysRev)

•	 Cognitive aids during resuscitation education (EIT 
6400: SysRev)

•	 Immersive technologies for resuscitation teaching 
(EIT 6405: SysRev)

•	 Gamified learning compared with other forms of 
resuscitation learning (EIT 6412: SysRev)

•	 Rapid cycle deliberate practice in resuscitation 
training (EIT 6414: SysRev)

•	 Team competencies training for resuscitation (EIT 
6415: SysRev)

•	 CPR education tailored to specific populations (EIT 
6108: ScopRev)

•	 International facets of the Chain of Survival (EIT 
6311: ScopRev)

•	 Provider workload and stress during resuscitation 
(EIT 6401: ScopRev)

•	 Scripted debriefing compared with nonscripted 
debriefing in resuscitation training (EIT 6413: 
ScopRev)

•	 Emergency medical services (EMS) experience and 
exposure (EIT 6104: EvUp)

•	 Patient outcomes of team members attending a 
CPR course (EIT 6106: EvUp)

•	 Willingness to provide CPR (EIT 6304: EvUp)
•	 Implementation of guidelines in communities (EIT 

6306: EvUp)
•	 Debriefing of resuscitation performance (EIT 6307: 

EvUp)
•	 CPR feedback devices during training (EIT 6404: 

EvUp)
•	 Blended-learning approach for life support educa-

tion (EIT 6409: EvUp)
•	 High-fidelity training for resuscitation (EIT 6410: 

EvUp)

FIRST AID
•	 Use of supplemental oxygen in first aid (First Aid 

[FA] 1649: ScopRev)
•	 Recognition of sepsis (FA 7180: ScopRev)
•	 Stroke recognition (FA 7170: EvUp)
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•	 Oxygen in stroke (FA7031: EvUp)
•	 Dental avulsion (FA 7361: EvUp)
•	 Second dose of epinephrine for anaphylaxis (FA 

7111: EvUp)
•	 Naloxone for opioid emergencies (FA 7442: EvUp)
•	 Exertion-related dehydration and rehydration (FA 

7241: EvUp)
•	 Counter-pressure maneuvers for prevention of syn-

cope (FA 7550: EvUp)
•	 Recovery position (FA 7040: EvUp)

Readers are encouraged to monitor the ILCOR website3 
to provide feedback on planned SysRevs and to provide 
comments when additional draft reviews are posted.

BLS TASK FORCE
Optimal Surface for Performing CPR (BLS 
2510: SysRev)
Rationale for Review
This topic was prioritized for review by the BLS Task 
Force because it had not been reviewed since 2019.4,5 
Since the last SysRev of this topic,6 the task force was 
concerned that the practice of moving patients from the 
bed to the floor to improve the quality of CPR could de-
lay CPR; thus, it was considered timely to update the 
SysRev completed for the 2020 CoSTR.4,5 The SysRev 
was registered before initiation (International Prospec-
tive Register of Systematic Reviews [PROSPERO] 
CRD42017080475).7 The full online CoSTR can be 
found on the ILCOR website.8

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults or children in cardiac arrest 
(OHCA and in-hospital cardiac arrest [IHCA])

•	 Intervention: The performance of CPR using a hard 
surface (eg, backboard, floor, or deflatable or spe-
cialist mattress)

•	 Comparators: The performance of CPR on a regular 
mattress or other soft surface

•	 Outcomes: Survival with a favorable neurological 
outcome at hospital discharge/30 days (critical), 
survival at hospital discharge/30 days (critical), 
event survival (important), return of spontaneous 
circulation (ROSC; important), CPR quality (eg, 
compression depth, compression rate, compression 
fraction; important)

•	 Study designs: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, con-
ference abstracts, trial protocols) were excluded. 
Randomized manikin simulation or cadaver studies 
were included only if insufficient human studies 
were identified. Studies were included regardless of 
language if an abstract in English was available.

•	 Time frame: The dates searched were September 
17, 2019 (date of the search for the previous 
SysRev), to February 5, 2024.

Consensus on Science
In addition to the 11 manikin simulation RCTs9–19 identi-
fied in the previous review,6 we identified 1 small ob-
servational study20 and 6 additional manikin RCTs21–26 
addressing this population, intervention, comparator, 
outcome, study design, and time frame (PICOST) ques-
tion. The overall certainty of evidence was rated as very 
low to low due to risk of bias and serious indirectness. 
No studies reported patient outcomes. The included 
studies were grouped by surfaces studied: backboard 
versus hospital mattress, floor versus hospital mat-
tress, floor versus firm home mattress, and floor versus 
other surface types. The small observational study that 
compared a backboard with a hospital mattress used 
a single accelerometer for measurement, and the re-
sults were considered unreliable.20 Results of the meta-
analysis of data from the manikin simulation studies are 
given in Table 1.

Prior Treatment Recommendations (2020)
We suggest performing chest compressions on a firm 
surface when possible (weak recommendation, very 
low–certainty evidence).

During in-hospital cardiac arrest, we suggest, where 
a bed has a CPR mode which increases mattress stiff-
ness, it should be activated (weak recommendation, very 
low–certainty of evidence).

During in-hospital cardiac arrest, we suggest against 
moving a patient from a bed to floor to improve chest 

Table 1.  Results of the Meta-Analysis of CPR Metrics From 
the Manikin Simulation Studies Examining Different  
Surfaces for CPR

Backboard compared with hospital mattress

�Compression 
depth 

7 manikin RCTs11,12,14–16,18,24

Mean difference=2.16 mm (95% CI, 0.52 to 3.81) 

�Compression rate 5 manikin RCTs11,12,14,18,24

Mean difference=–0.11 (95% CI, –3.8 to 3.59)

Floor compared with hospital mattress

�Compression 
depth

2 manikin RCTs10,13

Mean difference=5.36 mm (95% CI, –1.59 to 12.32)

�Compression rate 2 manikin RCTs10,13

No meta-analysis performed. No significant difference.

Floor compared with firm home mattress

�Compression 
depth

2 manikin RCTs19,26

Mean difference=2.11 mm (95% CI, –3.23 to 7.45)

�Compression rate 2 manikin RCTs19,26

No meta-analysis performed. No significant difference.

CPR indicates cardiopulmonary resuscitation; and RCTs, randomized con-
trolled trials.
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compression depth (weak recommendation, very low–
certainty of evidence).

During in-hospital cardiac arrest, we suggest in favor 
of either a backboard or no-backboard strategy, to 
improve chest compression depth (conditional recom-
mendation, very low–certainty of evidence).4,5

2024 Treatment Recommendations
We suggest performing chest compressions on a firm 
surface when this is practical and does not significantly 
delay the start of chest compressions (weak recommen-
dation, very low–certainty evidence).

We suggest activation of the CPR mode to increase 
mattress stiffness if available for in-hospital cardiac 
arrest (good practice statement).

For health care systems that have already incorpo-
rated backboards into routine use during resuscitations, 
the evidence was considered insufficient to suggest 
against their continued use (weak recommendation, very 
low–certainty of evidence).

For health care systems that have not introduced 
backboards, the limited improvement in compression 
depth and uncertainty about harms seemed insufficient 
to justify the costs of purchasing backboards and train-
ing staff in their use (weak recommendation, very low–
certainty of evidence).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision framework is pro-
vided in Appendix A.

When performing chest compressions on a patient 
lying on a mattress, the force of the chest compressions 
is dissipated through the compression of the chest and 
compression of the surface beneath the patient. Mat-
tress compression can be as high as 57% of total com-
pression depth, with greater compression seen in softer 
mattresses.27–29 This can lead to reduced spinal-sternal 
displacement and a reduction in effective chest compres-
sion depth. It is known that effective compression depths 
can be achieved on soft surfaces if the CPR provider 
increases overall compression depth to compensate for 
mattress compression.30–33 CPR feedback devices that 
account for mattress compression (eg, the use of dual, 
and not single, accelerometers or increasing compres-
sion depth targets) can help CPR providers to ensure 
adequate compression depth when CPR is performed on 
a mattress.11,33–35

In making these recommendations, the task force 
considered the importance of high-quality chest com-
pressions and minimizing delays to the initiation of CPR 
and the lack of human data, including patient outcomes. 
Within the limitations of manikin studies, the available 
evidence indicates that using a backboard on a hospital 
mattress provides only a marginal depth benefit that is 
unlikely to be clinically significant. In considering whether 

to transfer a patient to the floor to improve compression 
depth, the task force considered the risks of harm (eg, 
interruption in CPR, risk of losing vascular access) to 
the patient and resuscitation team outweighed any small 
improvement in chest compression depth. The addition 
of 2 studies simulating out-of-hospital settings (where 
beds may be softer) and one where the CPR provider 
may be a single untrained rescuer led the task force to 
broaden the recommendations to include OHCA. The 
task force felt the indirect evidence on backboards was 
not sufficient to have backboards removed where they 
are currently used. However, users should be aware that 
mattress stiffness and backboard size and orientation 
influence the backboard’s effectiveness.36–39

Knowledge Gaps
•	 Studies reporting clinical outcomes
•	 Studies examining the logistical aspects of back-

board deployment or moving a patient from a bed to 
the floor

•	 Studies in both high- and low-resource settings 
where hospital bed or prehospital stretcher configu-
rations may vary

Optimization of Dispatcher-Assisted 
Recognition of OHCA (BLS 2102: ScopRev)
Rationale for Review
The 2020 CoSTR on dispatcher-assisted diagnosis of 
cardiac arrest recommended that dispatch centers look 
for ways to optimize sensitivity of recognition of cardiac 
arrest.4,5 These interventions have not been reviewed by 
ILCOR before. A ScopRev was conducted to understand 
factors related to DA recognition and to review the cur-
rent state of evidence for interventions aiming to opti-
mize timely recognition to inform the development of a 
PICOST for a SysRev.40 The full online CoSTR can be 
found on the ILCOR website.41

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults and children who are in cardiac 
arrest outside of a hospital.

•	 Intervention: Factors and interventions that improve 
dispatcher-assisted recognition of cardiac arrest.

•	 Outcomes: Dispatcher-assisted recognition of car-
diac arrest defined as initiation of cardiac arrest–
specific actions, such as instructions to perform 
CPR.

•	 Study designs: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies, qualitative) 
were eligible for inclusion. All relevant studies with 
an abstract in English were included.

•	 Time frame: The search of Medline was performed 
on June 2, 2023, from database inception to June 
2, 2023.
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Summary of Evidence
This ScopRev identified 60 relevant articles.42–101 The 
included articles described 4 major categories and 18 
subcategories: 2 major categories and 11 subcategories 
relate to factors found to influence DA recognition, and 2 
major categories and 7 subcategories were interventions 
aiming to improve DA recognition (Table 2). The detailed 
findings within each theme are summarized in the full 
CoSTR on the ILCOR website.41

Task Force Insights
•	 Most of the studies identified were retrospective, 

observational studies assessing the proportion 
of OHCAs recognized by dispatchers and factors 
associated with OHCA recognition. Only 1 study 
reported dispatcher-assisted recognition in pediat-
ric arrests. There were no studies testing 2 different 
protocols in a randomized trial.

•	 The most pertinent challenge to dispatcher-assisted 
recognition of OHCA seems to be determining 
whether the patient is breathing normally. Several 
strategies were studied, including bypassing breath-
ing in the initial assessment and asking the caller to 
put their hand on the patient’s stomach. No strat-
egy showed better results than the commonly used 
2-questions strategies. Although several strategies 
were tested, there were no RCTs comparing differ-
ent strategies.

•	 The only RCT in this review studied the effect of 
including an artificial intelligence model to improve 
recognition of OHCA. Although the model had a 
higher rate of recognition of OHCA, it did not improve 
dispatcher recognition of OHCA when implemented 
in practice. The main problem appeared to be high 
false positive rates.

•	 Based on this ScopRev, there is insufficient evi-
dence to pursue a new SysRev on this topic.

Knowledge Gaps
•	 Sensitivity, specificity, and positive predictive values 

of different factors to improve dispatcher-assisted 
recognition of OHCA, as well as how studied vari-
ables affect time to recognition

•	 How different protocols and strategies compare 
with each other in randomized trials

•	 The impact of the characteristics of dispatchers (eg, 
experience, training) and their exposure to OHCA 
calls on OHCA recognition

•	 When dispatchers should deviate from the script 
in the dispatch protocol. There is an expectation 
or necessity for dispatchers to follow and not devi-
ate from a script. However, deviation may be nec-
essary in certain cases, and continuation of the 
script in these cases could lead to worse com-
munication, lower rates of recognition of OHCA, 
or longer time to recognition. Studies to identify 
which cases may benefit from deviation of script 
are warranted.

•	 How to optimize dispatcher-assisted recognition of 
pediatric OHCA

Optimization of Dispatcher-Assisted CPR (BLS 
2113: ScopRev)
Rationale for Review
The 2020 SysRev recommends CPR instructions be 
provided by dispatchers during the emergency call.4,5 Al-
though the certainty of evidence was rated as very low 
at that time, dispatcher-assisted CPR (DA-CPR) has 
been implemented widely,102–105 and the task force was 
aware of new evidence examining interventions aiming 
to optimize DA-CPR. A ScopRev was conducted to map 
this evidence and determine if it was sufficient to warrant 
a new SysRev of interventions to improve DA-CPR.106 
Studies comparing compression-only CPR with standard 
CPR were excluded as this topic is covered in a separate 
ILCOR PICOST.107,108 The full online CoSTR can be found 
on the ILCOR website.109

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults and children with out-of-hospital 
cardiac arrest where DA-CPR is implemented

•	 Intervention: Interventions used in addition to 
DA-CPR

Table 2.  Categories and Subcategories of Factors  
Influencing Dispatcher-Assisted Recognition of OHCA

Categories Subcategories

Factors related to dispatcher-assisted recognition

�Communication 
between caller and 
dispatcher (n=16)

1.	 Caller’s emotional state
2.	 Caller’s proximity to OHCA patient
3.	� Effects of dispatcher behavior and  

communication with caller
4.	� Caller’s status (health care professional  

compared with non–health care professional)
5.	� Effects of language barriers
6.	� Linguistic format of qualified breathing  

questions
7.	� Influence of callers chief complaint and use of 

trigger words

�Symptoms and 
patient  
characteristics 
(n=19)

8.	� Agonal breathing
9.	� Patient status

10.	� Seizures
11.	� Patient demographics

Interventions to improve dispatcher-assisted recognition

�New technology to 
improve dispatcher 
recognition of 
OHCA (n=7)

12.	� CCTV
13.	� Machine learning
14.	� Smart devices to detect agonal breathing

�Quality improve-
ment/implementation 
of new protocols to 
improve dispatcher 
recognition (n=26)

15.	� MPDS
16.	� Criterion-based dispatch
17.	� Breathing
18.	� Other quality improvement

CCTV indicates closed-circuit television; MPDS, medical priority dispatch sys-
tem; and OHCA, out-of-hospital cardiac arrest.
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•	 Comparators: Nonmodified DA-CPR
•	 Outcomes: Any outcomes
•	 Study designs: RCTs and nonrandomized stud-

ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were 
eligible for inclusion. Unpublished studies (eg, 
conference abstracts, trial protocols), editorials, 
commentaries, animal studies, and SysRevs were 
excluded. If there were insufficient studies from 
which to draw a conclusion, case series could be 
included in the initial search. All relevant studies 
with an abstract in English were included.

•	 Time frame: The search of Embase, Medline, 
Cumulative Index to Nursing and Allied Health 
Literature Database, and Cochrane Database of 
Systematic Reviews was performed on May 17, 
2023, for the period January 1, 2000, to May 17, 
2023.

Summary of Evidence
Thirty-one studies were included in this ScopRev: One 
was a nonrandomized implementation trial,110 16 were 
simulation studies (15 RCTs,111–125 1 nonrandomized 
comparison126), and 12 were observational studies re-
viewing real-world OHCAs from registries or collected 
data80,83,126–135 or emergency call review.136 Two included 
studies used qualitative137 and mixed methods.138 Only 
1 study focused on pediatric cardiac arrest.117 Complete 
details of the studies and findings are reported in the full 
CoSTR on the ILCOR website.

The interventions examined were advanced dispatcher 
training (n=3),127–129 centralization of the dispatch center 
(n=2),130,131 use of metronome or varied metronome rates 
(n=2),111,112 change in CPR sequence and compression 
ratio (n=1)132 an animated audiovisual recording (n=1),113 
prerecorded instructions compared with conversational 
live instructions (n=1)114 implementation of novel DA-
CPR protocols (n=4)80,83,110,115 changes in terminology 
about compressions (n=6; 1 pediatric), 116–118,126,133,136 
inclusion of “undress patient” instructions (n=1),119 verbal 
encouragement (n=1),125 and use of video at the scene 
(n=9).120–124,134,135,137,138

The implementation of novel DA-CPR protocols, pre-
recorded instructions, centralized dispatch, advanced 
dispatcher training, use of metronomes and varying met-
ronome rates and instructions to undress the patient all 
have <3 articles published, and therefore, we are unable 
to make any comment on their effectiveness at this point.

The studies that focus on simplifying the compres-
sion instruction language (ie, “Push as hard as you can” 
versus “Push ≈2 inches/5 cm”) suggest an improvement 
in the quality of CPR.117,118,126,133 The studies that exam-
ined adding video to the emergency call, compared with 
audio-only calls, suggest an improvement in CPR prac-
tice (eg, hand positioning) and quality (eg, compression 
depth and rate).120–124,135

Task Force Insights
The task force discussed the review findings and noted 
the following:

•	 The lack of high-quality evidence, studies in humans, 
and the significant heterogeneity between studies 
of the various interventions.

•	 Terminology changes in instructions may not be 
generalizable to other languages.

•	 Almost half of the studies comparing video to audio 
were simulation studies.

Based on this ScopRev, there is insufficient evidence 
to pursue a new SysRev on this topic.

Knowledge Gaps
•	 High-quality prospective research in humans, 

including assessment of patient outcomes
•	 Data on optimizing DA-CPR in pediatric cases

Optimization of Dispatcher-Assisted AED 
Retrieval and Use (BLS 2120: ScopRev)
Rationale for Review
Bystander use of AEDs is associated with high survival 
rates from OHCA,139,140 but its use is currently infre-
quent.141 This topic was selected for review by the BLS 
Task Force because of the widespread use of dispatch 
instructions for the retrieval and use of an AED105,142 and 
the need to optimize systems to improve the public’s AED 
use.143,144 Although there is no existing ILCOR treatment 
recommendation related to dispatcher-assisted AED 
retrieval, the task force decided the current evidence 
required a ScopRev to fully explore the scope of the 
topic. Studies using drone delivery were excluded from 
this review because this evidence was examined in the 
2023 CoSTR publication.146 The full online CoSTR can 
be found on the ILCOR website.147

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults and children with out-of-hospital 
cardiac arrest

•	 Intervention: dispatcher-assisted AED retrieval and 
use

•	 Outcomes: Any reported outcomes
•	 Study designs: RCTs and nonrandomized stud-

ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies), simulation 
studies, case series (>5 patients), trial protocols, 
and conference abstracts were included. All relevant 
studies with an abstract in English were included.

•	 Time frame: The search of Embase, Medline, and 
Cochrane Central was performed on April 14, 2023, 
from database inception to April 13, 2023.

Summary of Evidence
Sixteen studies were included in this ScopRev: 5 obser-
vational studies reviewing real-world OHCAs148–152 and 
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11 simulation studies (6 RCTs,153–158 1 nonrandomized 
trial,138 and 4 observational159–162).

There were no studies that examined patient out-
comes. One observational study did report improvement 
in survival with favorable neurological outcome in 1132 
(of 1606) OHCAs when a DA-CPR protocol included 
instructions to retrieve an AED, but the relative contribu-
tion of the dispatcher-assisted AED instruction could not 
be determined from the data provided.150

In systems using dispatcher-assisted AED retrieval 
and use, 5 observational studies reported low rates of 
AED retrieval (0.8%–5.8%),148,149,151 pad application 
(0.4%–1.7%),149,151,152 and shocks delivered (2.4%–
11%).148,150 In one study, rates of bystander defibrillation 
were greater with dispatcher instructions to retrieve an 
AED, compared with cases where no instructions were 
given (11% versus 5%, unadjusted P<0.001).150 Another 
observational study reported confusion and delays in the 
emergency call after a 3-part instruction to retrieve an 
AED.148 Callers often had to ask the dispatcher to repeat 
the instruction, or they asked clarifying questions.

In simulation studies, time to first shock, when mea-
sured from the time the AED arrived, was longer when 
dispatcher assistance was provided than when there was 
no assistance.153,154 However, when time to retrieve an 
AED was factored in, time to first shock was shorter.156,157

AED competence scores were consistently higher 
with dispatcher assistance (or an analogous form of 
instruction).138,153,154,158,162 In a simulation study, the 
use of video instruction enabled the correction of pad 
placement, which initially was done incorrectly by most 
bystanders.162 In another study the use of mobile phone 
video resulted in better performance than verbal instruc-
tion alone,153 but a second study demonstrated no dif-
ference.138 The use of prerecorded video instruction was 
inferior to real-time (verbal) dispatcher instruction.158 In 1 
study, dispatchers facilitated the application of an AED in 
5 out of 6 cases when the AED had been brought to the 
(simulated) patient’s side, but the study participant did 
not attempt to use it unprompted.160

Task Force Insights
•	 There is limited published research in this area, par-

ticularly on the impact on patient outcomes.
•	 Given the majority of OHCAs occur in the home, 

public-access AEDs are likely to be in close prox-
imity in only a minority of cases, and fewer still are 
likely able to be located, retrieved, and attached to a 
patient in a meaningful time frame.

•	 If an AED is not available on-site, the optimal strat-
egy to consider AED retrieval depends on the 
number of available rescuers, the arrest setting (ie, 
residential versus public), the proximity of AEDs, the 
fidelity (accuracy) of AED registry, and the timeli-
ness of the community’s professional response.

•	 Research is emerging on the user-friendliness of 
different AED brands.163,164

•	 There is a risk that by implementing dispatcher 
instructions to retrieve and use public-access 
AEDs, other aspects of the community response 
(eg, time to CPR, delay to dispatcher CPR instruc-
tions, reduced CPR efficacy due to distraction or 
interruptions) could be affected. These risks are 
likely to be greatest when there is a lone rescuer at 
the scene.

The studies reviewed in the present ScopRev suggest 
there is currently insufficient evidence to pursue a new 
SysRev on this topic. There were no previous treatment 
recommendations on this topic. Given the widespread 
adoption of this intervention and interest in this topic, the 
task force considered the available evidence and devel-
oped the following good practice statements.

2024 Good Practice Statements
EMS implementing dispatcher-assisted public-access 
AED systems should monitor and evaluate the effective-
ness of their system (good practice statement).

Once a cardiac arrest is recognized during the emer-
gency call and CPR has been started, dispatchers should 
ask if there is an AED (or defibrillator) immediately avail-
able at the scene and ask the caller to update them when 
one arrives (good practice statement).

If an AED is not immediately available and if there is 
more than 1 rescuer present, dispatchers should offer 
instructions to locate and retrieve an AED. Retrieval 
instructions should be supported, where resources 
allow, by up-to-date registries about public-access AED 
locations and accessibility (good practice statement).

Once an AED is available, dispatchers should offer 
instructions on its use (good practice statement).

Task Force Knowledge Gaps
•	 High-quality evidence of the effect of dispatcher-

assisted public-access AED use on critical and 
important clinical (patient) outcomes

•	 The effect of dispatcher-assisted public-access 
AED use in pediatric cardiac arrest

•	 The risks associated with dispatcher instructions 
for public-access AED retrieval and use during an 
emergency call

•	 What contribution dispatcher instructions for public-
access AED retrieval and use have in the overall 
community and EMS response to OHCA

•	 The barriers and facilitators to dispatcher instruction 
for public-access AED retrieval and use

•	 Which specific interventions will increase bystander 
retrieval and use of a public-access AED after dis-
patcher instructions

•	 Optimization of current systems: What is the optimal 
way to introduce and implement dispatcher instruc-
tions for public-access AED retrieval and use? How 
and where should AED retrieval integrate into cur-
rent dispatch protocols/algorithms? What is the 
optimum phrasing to use? Do the AED’s instructions 
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complement or conflict with DA-CPR instructions? 
What is the potential role of using live-stream video 
or similar during dispatcher instruction on AED use? 
How best to use registries and associated technol-
ogy so that dispatchers can best help bystanders 
locate and retrieve AEDs?

Feedback for CPR Quality (BLS 2511: ScopRev)
Rationale for Review
CPR feedback devices are intended to improve patient 
outcomes through improving the quality of CPR. The 
2020 CoSTR on feedback for CPR quality recommend-
ed the use of real-time audiovisual feedback and prompt 
devices during CPR when used as part of a comprehen-
sive quality improvement program.4,5 There were chal-
lenges with the 2020 ILCOR review due to the exclusion 
of many studies because they combined the evaluation 
of feedback with other quality improvement activities (eg, 
debriefing). The task force decided to perform a ScopRev 
to understand if the wider literature, including studies 
with other interventions, may provide further insights into 
the effectiveness of feedback and improve the existing 
PICOST question.165 Additionally, the task force conclud-
ed that this review should focus on the provision of CPR 
by health professionals responding in a professional ca-
pacity, rather than by bystanders or lay responders. The 
detailed results are provided on the ILCOR website.166

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults and children (excluding neo-
nates) who are in cardiac arrest in any setting who 
are resuscitated by health professionals responding 
in a professional capacity

•	 Intervention: Real-time feedback and prompt 
devices concerning the mechanics of CPR quality 
(eg, rate and depth of compressions or ventilations)

•	 Comparators: No feedback or prompt devices, or 
alternative devices

•	 Outcomes: Any outcome or measure of CPR quality
•	 Study designs: RCTs and nonrandomized stud-

ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) are eligible 
for inclusion

•	 Time frame: PubMed, Embase, Cochrane, and 
Cumulative Index to Nursing and Allied Health 
Literature were searched from database inception 
to July 18, 2023. A gray literature search was per-
formed in the Google search engine (July 18, 2023). 
All relevant studies with an abstract in English were 
included.

Summary of Evidence
Of the 55 studies included, we identified 10 Sys-
Revs,167–176 5 RCTs,177–181 37 observational stud-
ies,20,182–216 2 case series,217,218 and 1 commentary.219 The 

patients included varied widely between studies. Only 3 
studies included children,210,212,220 and most of the evi-
dence consisted of before-and-after studies.

The use of metronomes was examined in 1 SysRev 
from 2014176 and 6 observational studies (3 OHCA and 
3 IHCA).182–187 This evidence suggests an associated 
improvement in CPR quality, but there are few data on 
patient outcomes and what outcome data are reported 
are not adjusted for confounding (Table 3).

By including a wider range of published studies and 
studies examining audiovisual feedback with other  
system improvements, we identified 9 SysRevs,167–175  
5 RCTs,177–181 31 observational studies,20,188–216,220 
and 2 case series.217,218 Evidence examining key 
outcomes with a non-feedback comparator group 
suggests improved CPR quality, but most stud-
ies reporting improved patient outcomes beyond 
ROSC included other interventions, such as high- 
performance CPR and postevent debriefing (Table 4). 
This evidence aligns with ILCOR’s current treatment  
recommendation that feedback devices should be used as 
part of a comprehensive quality improvement program.4,5

Table 3.  Human Studies on Metronome Rate Guidance  
During CPR

Studies Design issues
Results with use of 
feedback

Survival to discharge/30 days

�Fletcher et al, 
2008186

�Bolstridge et al, 
2016182

Before/after study182,186

Small sample size182

Conference abstract182

Unadjusted outcome182,186

Significant increase: 
1 before/after OHCA 
study186

No change: 1 before/
after IHCA study182

ROSC

�Bolstridge et al, 
2016182

�Chiang et al, 
2005185

Before/after study182,185

Small sample size182,185

Conference abstract182

Unadjusted outcome182,185

No change: 1 before/
after IHCA study182; 
1 before/after OHCA 
study185

CPR quality: compression rate

��Bolstridge et al, 
2016182

�Rainey and  
Birkhoff, 2021184

�Fletcher et al, 
2008186

�Kennedy et al, 
2023187

Before/after 
study182–184,186,187

Small sample size182,184

Significant increase: 
3 before/after IHCA 
studies182–184; 2 
before/after OHCA 
study186,187

CPR quality: compression depth

�Bolstridge et al, 
2016182

�Khorasani-Zadeh  
et al, 2020183

Before/after study182,183

Small sample size182

Significant increase: 
2 before/after IHCA 
studies182,183

CPR quality: chest compression fraction

�Chiang et al, 
2005185

Before/after study185

Small sample size185

No change: 1 before/
after OHCA study185

CPR indicates cardiopulmonary resuscitation; IHCA, in-hospital cardiac ar-
rest; OHCA, out-of-hospital cardiac arrest; and ROSC, return of spontaneous  
circulation.
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Table 4.  Human Studies Examining Real-Time Audiovisual Feedback With and Without Other Interventions

Studies Design issues Results with use of feedback

Favorable neurological outcome

Bobrow et al, 2013193

Sainio et al, 2013195

Freese et al, 2014196

Couper et al, 2015189

Davis et al, 2015190*

Hopkins et al, 2016198†

Pearson et al, 2016205‡

Riyapan et al, 2019199

Chandra et al, 2022192§

Before/after or  
observational189,190,192,193,195,196,198,199,205

Abstract only192,196

Small sample size199

Unadjusted  
outcomes192,195,196,199

Significant increase: 1 before/after IHCA study190; 2 before/after OHCA 
studies193,198

Significant decrease: 1 observational OHCA study205

No change: 4 before/after OHCA studies189,192,196,199; 1 observational195

Survival to discharge/30 d

Kramer-Johansen et al, 2006191

Abella et al, 2007188

Bobrow et al, 2013193

Freese et al, 2014196

Couper et al, 2015189

Davis et al, 2015190*

Hopkins et al, 2016198†

Goharani et al, 2019180

Riyapan et al, 2019199

Vahedian-Azimi et al, 2020179

Nehme et al, 2021201†

Alqudah et al, 2022202†

Chandra et al, 2022192§

Before/after188–193,196,198,199,201,202

Small sample size179,188,199

Unadjusted outcomes179,192,196,199

Patients excluded postrandomization180

Significant increase: 1 IHCA RCT180; 1 before/after IHCA study190; 3 
before/after OHCA studies193,201,202

No change: 1 cluster OHCA RCT178; 1 pilot RCT179; 2 before/after IHCA 
studies188,189; 4 before after OHCA studies191,196,198,199; 1 observational195

Event survival

Hostler et al, 2011178

Sainio et al, 2013195

Freese et al, 2014196

Riyapan et al, 2019199

Lakomek et al, 2020200

Nehme et al, 2021201†

Alqudah et al, 2022202†

Before/after or observational195,196,199–202

Small sample size199

Abstract only196

Unadjusted outcomes195,196,198–200

Significant increase: 1 before/after OHCA study201; 1 observational 
study195

No change: 1 cluster OHCA RCT178; 4 before/after OHCA 
studies196,199,200,202

ROSC

Abella et al, 2007188

Hostler et al, 2011178

Leis et al, 2013194

Sainio et al, 2013195

Freese et al, 2014196

Couper et al, 2015189

Hopkins et al, 2016198†

Vahedian-Azimi et al, 2016181

Goharani et al, 2019180

Lakomek et al, 2020200

Vahedian-Azimi et al, 2020179

Nehme et al, 2021201†

Alqudah et al, 2022202†

Chandra et al, 2022192§

Before/after or  
observational188,189,192,194,196,200,201

Small sample size179,188,192,194

Abstract only192,196

Unadjusted outcomes179,192,194–196,200

Significant increase: 2 IHCA RCT180,181; 3 before after OHCA 
studies196,198,201; 1 observational195

No change: 1 cluster OHCA RCT178; 1 pilot RCT179; 2 before/after IHCA 
studies188,189; 3 before/after OHCA studies192,200,202; 1 observational194

(Continued )
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Task Force Insights
•	 As this was a ScopRev, no formal assessment of 

the quality of the literature was performed. However, 
the lack of RCTs was noted and many of the stud-
ies published since the last review continue to have 
methodological issues (eg, lack of adjustment for 
confounders, small sample sizes, no patient out-
comes reported).

•	 EMS systems and hospitals in well-resourced set-
tings have, or are implementing, quality improvement 
programs, including the use of feedback devices, 
to improve the quality of CPR. This implementation 
makes the study of isolated interventions, such as 
feedback devices, difficult to evaluate in observational 
research.

•	 While 55 studies were included in the narrative 
synthesis, there was insufficient new evidence to 
recommend a SysRev using the expanded PICOST 
question. An update of the SysRev using the exist-
ing PICOST question is recommended, with sub-
groups based on the different devices and separate 
review for health care professionals and lay people.

•	 This ScopRev has revealed a substantial adjacent 
literature studying the implementation of high-
performance CPR and quality improvement programs, 
but it was not possible to extract a specific associa-
tion with real-time CPR feedback from these studies. 
It is suggested that a new PICOST question is devel-
oped that examines the impact of these programs on 
clinical outcomes for both OHCA and IHCA patients.

Studies Design issues Results with use of feedback

CPR quality: compression rate

Kramer-Johansen et al, 2006191

Abella et al, 2007188

Hostler et al, 2011178

Bobrow et al, 2013193

Crowe et al, 2015197§

Riyapan et al, 2019199

Nehme et al, 2021201†

Chandra et al, 2022192§

Lyngby et al, 2022203

Before/after study188,191–193,197,199–201,203

Abstract only192,203

Small sample size197,199

Significant missing data178,192

Significant increase: 5 before/after OHCA studies191,193,199,200,203

No change: 1 cluster OHCA RCT178; 1 before/after IHCA study188,195; 3 
before/after OHCA studies180,192,201

CPR quality: compression depth

Kramer-Johansen et al, 2006191

Abella et al, 2007188

Hostler et al, 2011178

Bobrow et al, 2013193

Crowe et al, 2015197§

Riyapan et al, 2019199

Nehme et al, 2021201†

Chandra et al, 2022192§

Lyngby et al, 2022203

Before/after study188,191–193,197,199–201,203

Abstract only192,203

Small sample size197,199

Significant missing data178,192

Significant increase: 1 cluster OHCA RCT178; 7 before/after OHCA 
studies191–193,197,199,200,203

No change: 1 before/after IHCA study188

CPR quality: chest compression fraction

Kramer-Johansen et al, 2006191

Hostler et al, 2011178

Crowe et al, 2015197§

Riyapan et al, 2019199

Lakomek et al, 2020200

Nehme et al, 2021201†

Chandra et al, 2022192§

Lyngby et al, 2022203

Before/after study191,192,197,199–201,203

Abstract only192,203

Small sample size197,199

Significant missing data178,192

Significant increase: 1 cluster OHCA RCT178; 3 before/after OHCA 
studies192,201,203

No change: 4 before/after OHCA studies191,197,199,200

CPR indicates cardiopulmonary resuscitation; IHCA, in-hospital cardiac arrest; OHCA, out-of-hospital cardiac arrest; and RCT, randomized controlled trials.
*High-performance CPR education, audiovisual feedback, and debriefing.
†High-performance training (audiovisual feedback, scenario-based training, checklist, team leader, and debriefing).
‡High-performance CPR education and audiovisual feedback.
§Audiovisual feedback and debriefing.

Table 4.  Continued
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2024 Treatment Recommendations (Unchanged 
from 2020)
We suggest the use of real-time audiovisual feedback and 
prompt devices during CPR in clinical practice as part of a 
comprehensive quality improvement program for cardiac 
arrest designed to ensure high-quality CPR delivery and 
resuscitation care across resuscitation systems (weak 
recommendation, very low–certainty evidence).

We suggest against the use of real-time audiovisual 
feedback and prompt devices in isolation (ie, not part of a 
comprehensive quality improvement program, weak rec-
ommendation, very low–certainty evidence).

Knowledge Gaps
•	 High-quality evidence adequately powered to exam-

ine patient outcomes
•	 The lack of implementation science research guid-

ing the implementation of feedback devices and 
quality improvement programs

•	 Studies examining the impact of ultrasound

Effectiveness of Ultraportable or Pocket AEDs 
(BLS 2603: ScopRev)
Rationale for Review
Early defibrillation is associated with a large increase in 
survival from OHCA.221–224 If defibrillation occurs within 3 
to 5 minutes of collapse, survival rates as high as 50% 
to 70% have been reported.223,224 EMS response times 
rarely enable delivery of defibrillation in such a short 
time.225 Recently, several companies have started adver-
tising “ultraportable” or “pocket” AEDs for personal use 
or equipping community volunteer responders to improve 
AED availability. These devices may be limited in the 
number and the energy of the shocks they deliver (eg, 
restricted to up to 20 shocks and a maximum of 85 J). 

This topic has not been reviewed before, and given the 
interest in these devices, the task force thought a review 
of their effectiveness in practice was timely.225a The de-
tailed results are provided on the ILCOR website.226

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults and children in OHCA
•	 Intervention: The use of an ultraportable or pocket 

AED
•	 Outcomes: All outcomes were accepted
•	 Study designs: RCTs and nonrandomized stud-

ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies, conference 
abstracts, and trial protocols) were eligible for inclu-
sion. Studies that describe the use of mobile AEDs 
associated with drone technology were excluded. 
All studies with an abstract in English were included.

•	 Time frame: The search of Embase and Medline 
was performed on November 1, 2023, for the period 
January 1, 2012, to October 31, 2023.

Summary of Evidence
This review included 3 studies: a medico-economic 
simulation study,227 a study protocol of a cluster RCT,228 
and an abstract with preliminary results of that cluster 
RCT.229 Key findings from these studies are summarized 
in Table 5.

Task Force Insights
•	 Ultraportable or pocket AEDs are a new generation 

of defibrillators characterized by small size, being 
lightweight and easy to carry on one’s person, and 
affordable for personal and home use.

•	 We acknowledge that the development of ultraport-
able or pocket and more affordable AEDs offers 

Table 5.  Summary of Studies Reporting on Ultraportable or Pocket AEDs

First author and 
year, study design Population Intervention/comparator(s) Findings

Shaker et al, 
2022227; economic 
analysis

600 000 simulated 
patients at low, mod-
erate, and high risk 
for SCA

Small AED for rapid treatment of SCA 
(SMART)/No SMART strategy

At a 1.6% SCA annual risk, SMART strategy was associated 
with $95 251/QALY (societal perspective) and $100 797/QALY 
(health care perspective).

At a 3.5% SCA annual risk, SMART strategy was associated 
with $53 925/QALY (societal perspective) and $59 672/QALY 
(health care perspective).

SMART prevented 1762 fatalities across risk strata (1.59% fatal-
ity relative risk reduction across groups).

Todd et al, 2023228; 
cluster RCT study 
protocol

Sample size 
calculation of 714 
(357 per arm)

Community responder dispatched 
with GoodSAM app equipped with an 
ultraportable AED (CellAED)/community 
responder not equipped with AED

Primary outcome: Survival to 30 days

Aim to detect a 7% increase in survival (9%–16%)

Todd et al, 2023229; 
cluster RCT 
preliminary results 
(abstract)

1805 community 
responders recruited; 
903 allocated to 
CellAED

Community responder dispatched 
with GoodSAM app equipped with an 
ultraportable AED (CellAED)/community 
responder not equipped with AED

Unfinished study; 1788 alerts to CellAED participants, 104 arriv-
ing before EMS

AED indicates automatic external defibrillator; EMS, emergency medical services; QALY, quality-adjusted life years; RCT, randomized controlled trial; SCA, sudden 
cardiac arrest; and SMART, small AED for rapid treatment of SCA.
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the unique opportunity to develop more efficient 
public access defibrillation or community volunteer 
responder programs, increase home AED availabil-
ity, and therefore potentially improve outcomes.

•	 Device registration with regulatory authorities alone 
does not provide evidence of device performance in 
real-world settings. Because the success of defibrilla-
tion is related to several factors, including shock energy, 
transthoracic impedance, defibrillator pad size and 
anatomical location, diagnostic accuracy for shockable 
rhythms, and the duration the person has been in car-
diac arrest, further research is required to demonstrate 
the clinical efficacy of pocket/ultraportable AEDs.

•	 There is a lack of research in this area.
There is currently insufficient evidence to recommend 
progression to a formal SysRev. Given the proliferation 
of these devices, the task force issues a good practice 
statement requesting research.

2024 Treatment Recommendations (New)
There is currently insufficient evidence on the clinical ef-
fectiveness of ultraportable or pocket AEDs to make a 
treatment recommendation.

Knowledge Gaps

•	 The effect of ultraportable or pocket AED use on 
critical and important clinical outcomes

•	 A consensus on the definition of ultraportable AED
•	 The clinical efficacy (ie, whether the devices work in 

optimal settings) or clinical effectiveness (real-world 
settings) of ultraportable AEDs

•	 The performance of ultraportable AEDs compared 
with standard AEDs: Such research should address 
process measures (eg, time to defibrillation), evi-
dence of efficacy (eg, termination of fibrillation, 
return of organized rhythm, ROSC) and clinical 
effectiveness (eg, survival with a favorable neuro-
logical outcome, survival to discharge).

•	 The cost-effectiveness of ultraportable defibrillators 
in different contexts (eg, at home, by community vol-
unteer responder programs, and in public locations)

•	 How to best organize and maintain ultraportable 
defibrillators

BLS Topics Reviewed by EvUps
Topics evaluated with EvUps are summarized in Table 6. 
The complete EvUps are provided in Appendix B.

ADVANCED LIFE SUPPORT
Post–Cardiac Arrest Oxygenation and 
Ventilation (ALS 3506 and 3516: SysRev)
Rationale for Review
This review was conducted by the ALS Task Force in 
collaboration with the BLS Task Force. Oxygenation and 
ventilation are important components of post–cardiac 

arrest management. This topic was last updated with 
a SysRev for the 2020 CoSTR (PROSPERO registra-
tion CRD42022371007).230–232 Since the last review of 
this topic, the task forces were aware of new clinical tri-
als, prompting an update of the SysRev. The complete 
CoSTR can be found online.233

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Unresponsive adults with sustained 
ROSC after cardiac arrest in any setting (in-hospital 
or out-of-hospital)

•	 Intervention: An oxygenation or ventilation strategy 
targeting a specific Spo2, Pao2, or Paco2

•	 Comparators: Treatment without specific targets or 
with an alternate target to the intervention

•	 Outcomes:
–	 Critical: Survival or survival with a favorable 

neurological outcome at hospital discharge/30 
days or longer

–	 Other outcomes will depend on the available data 
and subsequent outcome prioritization by the IL-
COR ALS Task Force

•	 Study designs: Controlled trials, including RCTs, and 
nonrandomized trials (eg, pseudorandomized trials) 
were included. Observational studies, animal stud-
ies, ecological studies, case series, case reports, 
reviews, abstracts, editorials, comments, letters to 
the editor, and unpublished studies were excluded. 
All languages were included if there was an English 
abstract or full-text article.

•	 Time frame: From August 22, 2019 (date of search 
of the prior review), to June 30, 2023

Consensus on Science
Five new RCTs including adult patients were identi-
fied.234–238 These studies add to the previous SysRev, 
which included 7 RCTs.231,239–245 Studies used various 
specific oxygen and carbon dioxide strategies or targets, 
as defined in Table 7.

Key results for both oxygen and carbon dioxide com-
parisons are presented in Table 8 and Table 9. Overall, 
there was no consistent evidence of benefit or harm 
from the different oxygen and carbon dioxide strategies  
investigated.

Prior Treatment Recommendations (2020)
We suggest the use of 100% inspired oxygen until the 
arterial oxygen saturation or the partial pressure of arte-
rial oxygen can be measured reliably in adults with ROSC 
after cardiac arrest in any setting (weak recommenda-
tion, very low–certainty evidence).

We recommend avoiding hypoxemia in adults with 
ROSC after cardiac arrest in any setting (strong recom-
mendation, very low–certainty evidence).
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We suggest avoiding hyperoxemia in adults with 
ROSC after cardiac arrest in any setting (weak recom-
mendation, low-certainty evidence).

There is insufficient evidence to suggest for or against 
targeting mild hypercapnia compared with normocapnia 
in adults with ROSC after cardiac arrest.

We suggest against routinely targeting hypocapnia in 
adults with ROSC after cardiac arrest (weak recommen-
dation, low-certainty evidence).230,232

2024 Treatment Recommendations
Oxygen Targets
We recommend the use of 100% inspired oxygen until 
the arterial oxygen saturation or the partial pressure of 
arterial oxygen can be measured reliably in adults with 
ROSC after cardiac arrest in the prehospital setting 

(strong recommendation, moderate-certainty evidence) 
and in-hospital setting (strong recommendation, low-
certainty evidence).

We recommend avoiding hypoxemia in adults with 
ROSC after cardiac arrest in any setting (strong recom-
mendation, very low–certainty evidence).

We suggest avoiding hyperoxemia in adults with 
ROSC after cardiac arrest in any setting (weak recom-
mendation, low-certainty evidence).

Following reliable measurement of arterial oxygen val-
ues, we suggest targeting an oxygen saturation of 94% 
to 98% or a partial pressure of arterial oxygen of 75 to 
100 mm Hg (≈10–13 kPa) in adults with ROSC after 
cardiac arrest in any setting (good practice statement).

When relying on pulse oximetry, health care pro-
fessionals should be aware of the increased risk of  

Table 6.  Summary of Basic Life Support Evidence Updates

Topic/PICO
Year last 
updated Existing treatment recommendation

RCTs 
since last 
review

Observational 
studies since 
last review Key findings

Sufficient data 
to warrant 
SysRev?

PAD programs 
(BLS 2121)

2020 We recommend the implementation of public-
access defibrillation programs for patients with 
OHCAs (strong recommendation, low-certainty 
evidence).

0 4 Four studies reported 
improved outcomes overall. 
Subgroup analysis in two 
studies showed benefits 
varied by age, sex and 
pathogenesis.

Yes (include 
subgroup 
analysis)

CPR ratios (BLS 
2202)

2017 We suggest a compression–ventilation ratio of 
30:2 compared with any other compression–
ventilation ratio in patients with cardiac arrest 
(weak recommendation, very low-quality 
evidence).

0 2 One study reported 
increased ventilation 
associated with improved 
outcomes. One study 
reported no association 
with ventilation rates and 
outcomes.

Yes (further 
studies 
identified in 2 
SysRevs)

CPR before 
defibrillation 
(BLS 2203)

2019 We suggest a short period of CPR until 
the defibrillator is ready for analysis and/or 
defibrillation in unmonitored cardiac arrest 
(weak recommendation, low-certainty evidence).

0 0 No new studies No

Timing of rhythm 
check: during 
compressions 
(BLS 2211)

2019 We suggest against the routine use of 
artifact-filtering algorithms for analysis of 
electrocardiographic rhythm during CPR (weak 
recommendation, very-low-certainty evidence).

We suggest that the usefulness of 
artifact-filtering algorithms for analysis of 
electrocardiographic rhythm during CPR be 
assessed in clinical trials or research initiatives 
(weak recommendation, very-low-certainty 
evidence).

0 4 None of the studies report 
on critical outcomes and 
only one considers the 
important outcome of CPR 
quality (chest compression 
fraction).

No

Hand positioning 
(BLS 2502)

2020 We suggest performing chest compressions 
on the lower half of the sternum on adults in 
cardiac arrest (weak recommendation, very low 
certainty evidence).

0 0 No new studies. No

Head-Up CPR 
(BLS 2503)

2021 We suggest against the routine use of head-up 
CPR during CPR (weak recommendation, very-
low-certainty evidence).

We suggest that the usefulness of head-up 
CPR during CPR be assessed in clinical trials 
or research initiatives (weak recommendation, 
very-low-certainty evidence).

0 2 High risk of bias. No 
difference in outcomes 
in propensity-matched 
cohort.

No

BLS indicates basic life support; CPR, cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac arrest; PAD, public access defibrillation; PICO, population, inter-
vention, comparator, outcome; and RCT, randomized controlled trial.
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inaccuracy that may conceal hypoxemia in patients with 
darker skin pigmentation (good practice statement).

Carbon Dioxide Targets
We suggest targeting normocapnia (a partial pressure of 
carbon dioxide of 35–45 mm Hg or ≈4.7–6.0 kPa) in 
adults with ROSC after cardiac arrest (weak recommen-
dation, moderate-certainty evidence).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.

Oxygen Targets
•	 The task forces discussed that avoiding oxygen 

titration until blood oxygen values are accurately 
measured is especially important in the prehospital 
setting, where arterial blood gas analysis is rarely 
available and peripheral blood oxygen saturation 
may be difficult to obtain consistently. The largest 
RCT in the prehospital setting suggested that early 
titration to a lower oxygen target is harmful.234 The 
task forces discussed whether the evidence favored 
avoiding any titration of oxygen in the out-of-hospital 
setting because most patients in the control arm of 
the EXACT trial (Reduction of Oxygen After Cardiac 
Arrest) received 100% oxygen without titration. 
However, most thought that once reliable measure-
ment of oxygenation was available, the evidence 
only supported not titrating to a lower target range 
of 90% to 94%.

•	 In making the recommendation to avoid hypoxemia, 
the task forces concluded that the physiologic basis 
for hypoxia being harmful justifies its avoidance and 
that detection of hypoxemia may be the best sur-
rogate for true hypoxia.

•	 The suggestion to avoid hyperoxemia is based on 
very low–certainty to moderate-certainty evidence 
that showed either harm (in observational stud-
ies included in the 2020 SysRev) or no benefit (in 
RCTs) from hyperoxemia. It is important to consider 
that the higher oxygen groups in RCTs generally did 
not reach the very high Pao2 values (300–400 mm 
Hg, or ≈40–53 kPa) associated with harm in some 
observational studies.

•	 The variability in oxygenation targets across RCTs 
and observational studies makes it difficult to identify 
an evidence-based optimal range. However, the task 
forces recognized the need for more precise guid-
ance than that provided previously and agreed that 
targeting an oxygen saturation of 94% to 98% or 
a Pao2 target of 75 to 100 mm Hg (10–13 kPa) is 
reasonable.

•	 While studies evaluating the accuracy of pulse 
oximetry in people with different degrees of skin 
pigmentation were not part of this SysRev, the 
SysRev team and task forces were aware of and 
considered several such studies that have found 
a slightly higher risk of occult hypoxemia (pulse 
oximetry reading of >90% saturation, while arte-
rial oxygen saturation by blood gas is <88%) in 
people with dark skin.246–248 While none of these 
studies were done in cardiac arrest patients, the 
task forces concluded that it was important to 
make medical professionals treating cardiac arrest 
patients aware of this issue because this knowl-
edge could inform decision-making about whether 
to titrate supplemental oxygen. The task forces, 
therefore, provided a good practice statement to 
highlight this issue.

Carbon Dioxide Targets
•	 The evidence from RCTs and observational studies 

is inconsistent. RCTs have failed to show any effect 
from different CO2 targets. Considering the lack of 
evidence for benefit or harm from targeting CO2 val-
ues above or below the normal range, the task forces 
deemed it reasonable to target normocapnia, gener-
ally defined as a Paco2 of 35 to 45 mm Hg (≈4.7–
6.0 kPa), in both RCTs and observational studies. 
Notably, the task forces are aware of unpublished 
data from an included RCT234 as well as observa-
tional studies not included in this review,249–252 sug-
gesting that ETco2 values may not accurately reflect 
Paco2 values, which may be an important consider-
ation in the prehospital setting. As with all critically 
ill patients, there may be specific scenarios in which 

Table 7.  Specific Oxygenation and Ventilation Strategies or 
Targets, by Study

Study author, year Intervention Comparator

Kuisma et al, 2006244 2–4 L/min O2 >10 L/min O2

Bray et al, 2018243 O2 saturation goal 
90%–94%

O2 saturation goal 
98%–100%

Thomas et al, 2019240 O2 saturation goal 
94%–98%

100% Fio2

Bernard et al, 2022234 O2 saturation goal 
90%–94%

O2 saturation goal 
98%–100%

Jakkula et al, 2018239 Pao2 10–15 kPa 
(75–113 mm Hg)

Pao2 20–25 kPa 
(150–188 mm Hg)

Young et al, 2020242 O2 saturation goal 
90%–97%

Standard care

Schmidt et al, 2022237 Pao2 9–10 kPa  
(68–75 mm Hg)

Pao2 13–15 kPa 
(98–105 mm Hg)

Semler et al, 2022236 O2 saturation goal 
88%–96%

O2 saturation goal 
96%–100%

Crescioli et al, 2023238 Pao2 8 kPa  
(60 mm Hg)

Pao2 12 kPa  
(90 mm Hg)

Jakkula et al, 2018239 Paco2 5.8–6.0 kPa 
(44–45 mm Hg)

Pao2 90 mm Hg 
(12 kPa)

Eastwood et al, 2016241

Eastwood et al, 2023235

Paco2 6.7–7.3 kPa 
(50–55 mm Hg)

Paco2 4.7–6.0 kPa 
(35–45 mm Hg)
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CO2 values may need to be higher or lower than nor-
mal to compensate for other illnesses (eg, severe 
lung injury or metabolic acidosis).

•	 The task forces discussed whether cardiac arrest 
patients with baseline chronic lung disease and 
chronic CO2 retention might respond differently 
to different CO2 targets; however, no evidence 
addressing this subgroup was found.

Knowledge Gaps
•	 The optimal oxygen target for post–cardiac arrest 

patients
•	 Whether there is a threshold at which hypoxemia 

and hyperoxemia become harmful
•	 The optimal duration for specific oxygen strategies
•	 The optimal CO2 target for post–cardiac arrest 

patients
•	 Whether there is a threshold at which hypocapnia 

and hypercapnia become harmful
•	 The accurate correlation of ETco2 with Paco2 values

•	 The effects of manipulating Paco2 on cerebral blood 
flow in post–cardiac arrest patients

•	 How Paco2 targets should be adjusted in patients 
with chronic CO2 retention

•	 Whether arterial blood gas analysis should 
be adjusted to 37 °C or to a patient’s current 
temperature

Post–Cardiac Arrest Hemodynamics (ALS 3515: 
SysRev Adolopment)
Rationale for Review
The topic of hemodynamic goals after cardiac arrest was 
previously reviewed by the ALS Task Force in 2015,253,254 
and an EvUp was conducted in 2020.230,232 In the previous 
recommendation, consideration of hemodynamic goals 
was suggested, but there was insufficient evidence to rec-
ommend a specific target. New RCTs have been published 
on this topic, and the task force decided a SysRev was war-
ranted. A recently published SysRev with individual patient  

Table 8.  Summary of Findings From Studies Comparing Higher Oxygen Values With Lower Oxygen Values

Outcome (importance) Participants, n (studies)
Certainty of evidence, 
GRADE RR (95% CI) ARD (95% CI)

Higher compared with lower oxygen in the prehospital setting

Survival to hospital discharge (critical) 549 (4 RCTs)234,240,243,244 Moderate 0.98 (0.70, 1.37) 34 fewer per 1000 patients 
(126 fewer to 88 more)

Survival to 3 mo (critical) 35 (1 RCT)240 Very low 3.15 (1.04, 9.52) 379 more per 1000 patients 
(7 more to 1000 more)

Survival to 12 mo (critical) 401 (1 RCT)234 Moderate 0.82 (0.64, 1.06) 76 fewer per 1000 patients 
(151 fewer to 25 more)

�Survival with favorable neurological 
outcome at 12 mo (critical)

389 (1 RCT)234 Moderate 0.85 (0.62, 1.17) 47 fewer per 1000 patients 
(118 fewer to 53 more)

Higher compared with lower oxygen in the ICU

�Survival to hospital discharge, 28 d, or 30 
d (critical)

1409 (2 RCTs, 2 RCT  
subgroups)236,237,239,242

Low 1.10 (0.95, 1.27) 60 more per 1000 patients 
(30 fewer to 163 more)

�Survival with favorable neurological 
outcome at discharge (critical)

789 (1 RCT)237 Moderate 1.03 (0.93, 1.14) 20 more per 1000 patients 
(46 fewer to 93 more)

�Survival to 3 mo or 6 mo (critical) 1405 (2 RCTs, 2 RCT 
subgroups)237–239,242

Moderate 1.05 (0.92, 1.20) 29 more per 1000 patients 
(47 fewer to 116 more)

�Survival with favorable neurological 
outcome at 3 or 6 mo (critical)

1059 (2 RCTs, 1 RCT 
subgroup)237,239,242

Low 1.07 (0.96, 1.20) 43 more per 1000 patients 
(24 fewer to 122 more)

ARD indicates absolute risk difference; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; ICU, intensive care unit; RCT, randomized 
controlled trial; and RR, relative risk.

Table 9.  Summary of Findings From Studies Comparing Higher Carbon Dioxide Values With Lower Carbon Dioxide Values

Outcome (importance) Participants, n (studies)
Certainty of evidence, 
GRADE RR (95% CI) ARD (95% CI)

Moderate hypercapnia compared with normocapnia or low-normal Paco2 after ROSC

Survival to hospital discharge (critical) 1866 (3 RCTs)235,239,241 Moderate 0.95 (0.82, 1.10) 30 fewer per 1000 patients 
(108 fewer to 60 more)

Survival to 6 mo (critical) 1648 (1 RCT)235 Moderate 0.96 (0.88, 1.05) 22 fewer per 1000 patients 
(65 fewer to 27 more)

�Survival with favorable neurological 
outcome at 6 mo (critical)

1751 (3 RCTs)235,239,241 Moderate 0.96 (0.85, 1.10) 19 fewer per 1000 patients 
(70 fewer to 46 more)

ARD indicates absolute risk difference; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; RCT, randomized controlled trial; ROSC, 
return of spontaneous circulation; and RR, relative risk.
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data meta-analysis, which included a meta-analysis of the 
effect of targeting a mean arterial pressure (MAP) higher 
or lower than 70 mm Hg, was identified; this review was 
deemed of sufficient quality to be used for adolopment.255 
The complete CoSTR can be found online.256

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults with sustained ROSC after car-
diac arrest

•	 Intervention: Targeting a MAP of 71 mm Hg or 
higher

•	 Comparator: Targeting a MAP of 70 mm Hg or lower
•	 Outcomes:

–	 Critical: Survival or good functional outcome de-
fined as a modified Rankin Scale score of 1 to 3 
or a score of 1 to 2 on the Cerebral Performance 
Category scale at 90 to 180 days

–	 Important: Intensive care unit mortality, new ar-
rhythmia resulting in hemodynamic compromise or 
cardiac arrest while in the intensive care unit (ICU)

•	 Study designs: RCTs were eligible for inclusion. All 
years and all languages were included as long as 
there was an English abstract. Observational studies 
and unpublished studies (eg, conference abstracts, 
trial protocols) were excluded.

•	 Time frame: The literature search was conducted in 
October 2022 and updated in August 2023.

Consensus on Science
The SysRev identified 4 RCTs of 1065 patients compar-
ing lower and higher MAP targets after ROSC.257–260 The 
included RCTs provided low-certainty evidence (down-
graded for risk of bias and indirectness) of no benefit 
from a higher MAP compared with a lower MAP target 
for the critical outcomes of mortality at 180 days (RR, 
1.08 [95% CI, 0.92–1.26]) and good functional outcome 
at 180 days (RR, 0.99 [95% CI, 0.84–1.16]). Similarly, 
there was no benefit for the outcomes of ICU mortal-
ity (RR, 1.09 [95% CI, 0.81–1.46]) or new arrhythmia 
resulting in hemodynamic compromise or cardiac arrest 
during ICU stay (RR, 1.04 [95% CI, 0.77–1.40]).

Prior Treatment Recommendations (2015)
We suggest hemodynamic goals (eg, MAP, systolic blood 
pressure) be considered during postresuscitation care 
and as part of any bundle of postresuscitation interven-
tions (weak recommendation, low-certainty evidence).

There is insufficient evidence to recommend specific 
hemodynamic goals; such goals should be considered on 
an individual patient basis and are likely to be influenced 
by post–cardiac arrest status and pre-existing comorbidi-
ties (weak recommendation, low-certainty evidence).253,254

2024 Treatment Recommendations
There is insufficient scientific evidence to recommend a 
specific blood pressure goal after cardiac arrest. There-

fore, we suggest a mean arterial blood pressure of at 
least 60 to 65 mm Hg in patients after out-of-hospital 
(moderate-certainty to low-certainty evidence) and IHCA 
(low-certainty to very low–certainty evidence).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.

In making these updated recommendations, the ALS 
Task Force considered the following:

•	 The 4 RCTs conducted since the prior review pro-
vide significant new evidence but have not yet iden-
tified an optimal BP strategy.

•	 While no specific mean arterial BP strategy has been 
found to be beneficial in cardiac arrest trials, the task 
force thought it was important to provide more spe-
cific guidance than had been previously provided. The 
threshold of 65 mm Hg was agreed upon because 
this threshold is the accepted standard in other forms 
of critical illness, and there is no evidence to deviate 
from that practice in postarrest patients. Observational 
data suggest that the lowest MAP not associated 
with a worse outcome after cardiac arrest is about 
60 to 70 mm Hg,261–263 and the “Surviving Sepsis 
Campaign: International Guidelines for Management 
of Sepsis and Septic Shock” recommends targeting a 
MAP of >65 mm Hg in patients with septic shock.264

•	 No statistically significant benefit or harm from 
targeting a higher MAP was found for any critical 
outcome.

•	 All RCT studies conducted thus far focused on 
patients with a likely cardiac cause of the arrest and 
a high likelihood of a favorable outcome.

•	 Whether a higher MAP target, such as 80 to 100 
mm Hg, may be beneficial for some patients has not 
been determined by trials to date. The task force 
acknowledged that this is part of clinical practice at 
some cardiac arrest centers. The current treatment 
recommendation purposefully does not prescribe an 
upper limit for MAP targets because it is unknown.

Knowledge Gaps
•	 Optimal BP management in patients with cardiac 

arrest of noncardiac pathogenesis or with IHCA and 
who have thus far not been included in trials

•	 What MAP to target in the prehospital setting
•	 The current evidence can exclude a relative positive 

or negative treatment effect of targeting a higher 
MAP of higher than 25% but not lower; this differ-
ence may be unrealistic, and there may be a need 
for larger trials.

•	 Whether the effect of MAP on outcome is different 
in certain subgroups of patients, such as those with 
chronic hypertension

•	 Whether targeting a higher BP could be beneficial 
in patients with deranged autoregulation
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•	 Whether increasing MAP influences cerebral or 
coronary blood flow

•	 Whether MAP, as opposed to some other proxy for 
organ perfusion (lactate clearance, urinary output, 
capillary refill), is the optimal bedside therapeutic 
target

•	 The optimal strategy to achieve a target MAP after 
cardiac arrest, which may include the use of intra-
venous fluids (fluid type and volume), specific vaso-
pressors or combinations of vasopressors, and use 
of mechanical support

Post–Cardiac Arrest Temperature Control (ALS 
3523, 3524, 3525: SysRev)
Rationale for Review
Since publication of the prior SysRev,265 the task force 
has been aware of new clinical trials examining tem-
perature control in comatose post–cardiac arrest pa-
tients and, therefore, updated the SysRev (PROSPERO 
registration of original review CRD42020217954). The 
SysRev covered the following 6 different aspects of 
temperature management: (1) use of hypothermic tem-
perature control, (2) timing, (3) specific temperature, (4) 
duration of temperature control, (5) method of tempera-
ture control, and (6) rate of rewarming. The full CoSTR 
can be found online.266

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults with cardiac arrest in any setting 
(in-hospital or out-of-hospital)

•	 Interventions:
–	 Intervention 1: Temperature control (temperature 

control studies targeting hypothermia at 32–34 
°C in the SysRev)

–	 Intervention 2: Temperature control induction be-
fore a specific time point (eg, prehospital or intra-
cardiac arrest)

–	 Intervention 3: Temperature control at a specific 
temperature (eg, 33 °C)

–	 Intervention 4: Temperature control for a specific 
duration (eg, 48 hours)

–	 Intervention 5: Temperature control with a spe-
cific method (eg, external)

–	 Intervention 6: Temperature control with a spe-
cific rewarming rate

•	 Comparators:
–	 Comparator 1: No temperature control (tempera-

ture control studies targeting normothermia or 
fever prevention included in the SysRev)

–	 Comparator 2: Temperature control induction af-
ter that specific time point

–	 Comparator 3: Temperature control at a different 
specific temperature (eg, 36 °C)

–	 Comparator 4: Temperature control at a different 
specific duration (eg, 24 hours)

–	 Comparator 5: Temperature control with a differ-
ent specific method (eg, internal)

–	 Comparator 6: Temperature control with a dif-
ferent specific rewarming rate or no specific re-
warming rate

•	 Outcomes:
–	 Critical: Survival and survival with a favorable 

neurological outcome at hospital discharge and 
30 days and longer

•	 Study designs: Controlled trials in humans, includ-
ing RCTs and nonrandomized trials (eg, pseudoran-
domized trials), were included. Observational studies, 
ecological studies, case series, case reports, reviews, 
abstracts, editorials, comments, letters to the edi-
tor, and unpublished studies were excluded. Studies 
assessing cost-effectiveness were included for a 
descriptive summary. Unpublished studies (eg, confer-
ence abstracts, trial protocols) were excluded. All lan-
guages were included if there was an English abstract.

•	 Time frame: The original literature search was per-
formed on October 30, 2020, and updated for clinical 
trials on June 17, 2021. The literature search was 
conducted on May 31, 2023, for the updated SysRev 
and on June 3, 2023, for ongoing clinical trials.

Consensus on Science
Note on Terminology
The term targeted temperature management has been 
updated as below for clarity.

•	 Hypothermic temperature control=active tempera-
ture control with the target temperature below the 
normal range

•	 Normothermic temperature control=active tem-
perature control with the target temperature in the 
normal range

•	 Fever prevention temperature control=monitoring 
temperature and actively preventing and treating 
temperature above the normal range

•	 No temperature control=no protocolized active tem-
perature control strategy

This updated search yielded 6 new trials investigat-
ing different aspects of post–cardiac arrest temperature 
control, adding to the 32 trials identified in the previ-
ous review. Comparisons included temperature control 
versus no temperature control, timing of temperature 
control, specific temperature targets, durations of tem-
perature control, methods of temperature control, and 
rates of rewarming. Key results are summarized in 
Table 10. Overall, there was no difference between 
hypothermic temperature control and normothermic 
temperature control or between other specific tempera-
tures studied or different durations or methods of tem-
perature control.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 16, 2025



CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2024;150:e580–e687. DOI: 10.1161/CIR.0000000000001288� December 10, 2024 e599

Greif et al 2024 ILCOR CoSTR Summary

2024 Treatment Recommendations and Good 
Practice Statements (Unchanged from 2022)
We suggest actively preventing fever by targeting a tem-
perature ≤37.5 °C for patients who remain comatose 
after ROSC from cardiac arrest (weak recommendation, 
low-certainty evidence).

Whether subpopulations of cardiac arrest patients 
may benefit from targeting hypothermia at 32 °C to 34 °C  
remains uncertain.

Comatose patients with mild hypothermia after ROSC 
should not be actively warmed to achieve normothermia 
(good practice statement).

We recommend against the routine use of prehospital 
cooling with rapid infusion of large volumes of cold intra-
venous fluid immediately after ROSC (strong recommen-
dation, moderate-certainty evidence).

We suggest surface or endovascular temperature 
control techniques when temperature control is used in 
comatose patients after ROSC (weak recommendation, 
low-certainty evidence).

When a cooling device is used, we suggest using a 
temperature control device that includes a feedback sys-
tem based on continuous temperature monitoring to main-
tain the target temperature (good practice statement).

Table 10.  Summary of Findings of Trials on Postarrest Temperature Control

Outcome (importance)
Participants, n  
(studies)

Certainty of evidence, 
GRADE RR (95% CI) ARD (95% CI)

Hypothermia (32–34 °C) compared with normothermia or fever prevention

Survival to hospital discharge (critical) 3074 (6 RCTs)267–272 Low 1.07 (0.91– 1.25) 32 more per 1000 patients 
(41 fewer to 114 more)

�Survival with favorable neurological outcome at 
hospital discharge or 30 d (critical)

2377 (4 
RCTs)267,268,271,272

Low 1.16 (0.81– 1.66) 59 more per 1000 patients 
(70 fewer to 243 more)

�Survival to 90 or 180 d (critical) 3014 (6 RCTs)268–273 Low 1.06 (0.91, 1.23) 25 more per 1000 patients 
(38 fewer to 97 more)

�Survival with favorable neurological outcome at 90 
or 180 d (critical)

2991 (6 RCTs)268–273 Low 1.16 (0.92, 1.47) 57 more per 1000 patients 
(28 fewer to 166 more)

33 °C compared with 36 °C 

�Survival with favorable neurological outcome at 
hospital discharge (critical)

938 (1 RCT)274 Low 0.96 (0.83, 1.11) 18 fewer per 1000 patients 
(78 fewer to 50 more)

�Survival with favorable neurological outcome at 
180 d (critical)

990 (2 RCTs)274,275 Low 1.01 (0.88, 1.15) 4 more per 1000 patients 
(42 fewer to 53 more)

Duration of cooling (12–24 h compared with 36 h of temperature control or 48 h compared with 24 h*)

�Survival at 1 mo (critical) 173 (1 RCT)276 Very low 1.03 (0.89, 1.18) 24 more per 1000 patients 
(88 fewer to 145 more)

�Favorable neurological outcome at  
1 mo (critical)

173 (1 RCT)276 Very low 0.95 (0.75, 1.21) 31 fewer per 1000 patients 
(156 fewer to 131 more)

�*Survival at 6 mo (critical) 351 (1 RCT)277 Low 1.10 (0.96, 1.27) 66 more per 1000 patients 
(26 fewer to 178 more)

�*Favorable neurological outcome at  
6 mo (critical)

351 (1 RCT)277 Low 1.08 (0.93, 1.25) 51 more per 1000 patients 
(45 fewer to 159 more)

Method of temperature control (endovascular compared with surface cooling)

�Survival to hospital discharge or 28 d (critical) 523 (3 RCTs)278–280 Low 1.14 (0.93, 1.38) 56 more per 1000 patients 
(28 fewer to 152 more)

�Favorable neurological outcome at hospital  
discharge or 28 d (critical)

523 (3 RCTs)278–280 Low 1.22 (0.95, 1.56) 64 more per 1000 patients 
(15 fewer to 163 more)

Rewarming rate (0.25 °C/h compared with 0.50 °C/h)

�Survival at 90 d (critical) 50 (1 RCT)281 Low 0.88 (0.56, 1.38) 77 fewer per 1000 patients 
(282 fewer to 243 more)

�Favorable neurological outcome at 90 d 50 (1 RCT)281 Low 1.00 (0.59, 1.70) 0 fewer per 1000 patients 
(213 fewer to 364 more)

Duration of fever prevention after initial temperature control

�Survival at 90 d (critical) 789 (1 RCT)282 Low 0.99 (0.90, 1.08) 7 fewer per 1000 patients 
(80 fewer to 56 more)

�Favorable neurological outcome at 90 d (critical) 789 (1 RCT)282 Low 0.98 (0.89, 1.08) 14 fewer per 1000 patients 
(74 fewer to 54 more)

ARD indicates absolute risk difference; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; RCT, randomized controlled trial; and RR, relative risk.
*Indicates outcomes for comparison of temperature control for 48 hours compared with 24 hours.
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Prior Good Practice Statement on Duration of Fever 
Prevention (2022)
We suggest active prevention of fever for at least 72 
hours in post–cardiac arrest patients who remain coma-
tose (good practice statement).283,284

2024 Good Practice Statement on Duration of Fever 
Prevention
We suggest active prevention of fever for 36 to 72 hours 
in post–cardiac arrest patients who remain comatose 
(good practice statement).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.

Hypothermia Compared With Normothermia or Prevention 
of Fever

•	 All members of the task force agreed to continue to 
recommend active temperature control in post–car-
diac arrest patients, although the evidence for this is 
limited.

•	 The task force acknowledged that the SysRev found 
no difference in overall outcomes between patients 
treated with hypothermia and normothermia or fever 
prevention.

•	 The majority of the task force favored fever preven-
tion temperature control for comatose patients after 
ROSC as opposed to hypothermic temperature con-
trol, on the basis of the SysRevs and because this 
intervention requires fewer resources and had fewer 
side effects than hypothermic temperature control. 
Several members, however, wanted to leave open 
the option to use hypothermic temperature control 
(33 °C). Reasons for this include findings of a single 
trial suggesting benefit in those with a nonshockable 
initial rhythm270 and the relatively few data in patients 
with cardiac arrest of a noncardiac pathogenesis.

•	 The task force discussed the possibility that ear-
lier cooling and achieving the target temperature 
sooner might still be beneficial. Trials to date have 
largely not been able to achieve this.

•	 Although there was no direct evidence in our SysRevs, 
the task force maintained the existing good prac-
tice statement supporting the avoidance of active 
warming of patients who have passively become 
mildly hypothermic after ROSC (eg, 32–36 °C)  
because there was concern that this may be a 
harmful intervention.

Prehospital Cooling
•	 Our treatment recommendation for prehospital 

cooling is unchanged from our 2015 recommenda-
tion. No new studies were identified.

•	 We found no evidence that any method of pre-
hospital cooling improved outcomes, and the rapid 

infusion of large amounts of cold fluid immediately 
after achieving ROSC in the prehospital setting 
could be harmful. Any potential harm from this ther-
apy may relate specifically to the prehospital setting, 
where there may be less control over the environ-
ment, fewer personnel, and reduced monitoring 
capabilities.

•	 We have not made a treatment recommendation 
about intra-arrest cooling for OHCA.

Cooling Devices
•	 There was consensus that temperature should be 

continually monitored by the cooling device, when 
such a device is used, so that a stable temperature 
is maintained.

•	 Two SysRevs conflict on whether surface or endo-
vascular cooling is preferable. One showed that 
intravascular cooling is associated with improved 
neurological outcome,285 while the other found no 
association with survival or neurological outcomes.286

Duration of Temperature Control
•	 Our previous treatment recommendation was a 

good practice statement based on trials controlling 
temperature for at least 72 hours in those patients 
who remained sedated or comatose. One trial 
showed no difference between 24 and 48 hours 
of hypothermia,277 and another found no difference 
between 12 to 24 and 36 hours of hypothermia.276

•	 This updated review includes an additional trial com-
paring temperature control for a total duration of 36 
hours versus 72 hours that found no difference in out-
comes.282 The same trial included temperature con-
trol with a surface cooling device at one site and an 
intravenous cooling device at the other site. Whether 
results are applicable to temperature control without 
a device or different cooling devices is unknown.

•	 The task force was not able to reach consensus on 
a treatment recommendation on duration of temper-
ature control or fever prevention. After discussion 
about the lack of consistency in the interventions 
and comparators across the available studies, the 
task force agreed that there was not enough trial 
evidence to support a recommendation specifically 
on how long to prevent fever. All task force mem-
bers agreed on the good practice statement, which 
accommodates a range of duration that is sup-
ported by the limited data and by expert opinion.

Rewarming
•	 The task force discussed that, although there is no 

evidence that active rewarming is harmful, expert 
opinion is that it is generally unwarranted and can 
be avoided.

Knowledge Gaps
•	 Data on no temperature control versus fever pre-

vention temperature control (little data available)
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•	 The effect of temperature control after extracorpo-
real cardiopulmonary resuscitation (ECPR)

•	 The effect of temperature control after IHCA (only 1 
small trial available)

•	 Whether there is a therapeutic window within which 
hypothermic temperature control is effective in the 
clinical setting

•	 If a therapeutic window exists, whether there are 
clinically feasible cooling strategies that can rapidly 
achieve therapeutic target temperatures within the 
therapeutic window

•	 Whether the clinical effectiveness of hypothermia is 
dependent on providing the appropriate dose (tar-
get temperature and duration) based on the severity 
of brain injury

•	 Whether there are unidentified subsets of post–car-
diac arrest patients who would benefit from hypo-
thermic temperature control as currently practiced

•	 Whether temperature control using a cooling device 
with feedback is more effective than temperature 
control without a feedback-controlled cooling device

Post–Cardiac Arrest Seizure Prophylaxis and 
Treatment (ALS 3502 and 3503: SysRev)
Rationale for Review
This topic was last updated in 2020.230,232 This was 
a nodal SysRev between the ALS and Pediatric Life 
Support Task Forces based on the knowledge of new 
evidence examining the treatment of seizures after car-
diac arrest. The nodal review included both adults and 
children. Readers should refer to the pediatric life sup-
port section for pediatric-specific recommendations on 
this topic. The SysRev was registered on PROSPERO 
(CRD42023460746 and CRD42023463581), and the 
full CoSTR can be found online.287

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults or children in any setting (in-
hospital or out-of-hospital) with cardiac arrest and 
ROSC

•	 Intervention: One strategy for prophylactic antisei-
zure medication or seizure treatment

•	 Comparators: Another strategy or no prophylactic 
antiseizure medication or seizure treatment

•	 Outcomes:
–	 Critical: Survival or survival with favorable neuro-

logical/functional outcome at discharge, 30 days, 
60 days, 180 days, or 1 year

•	 Study designs: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, confer-
ence abstracts, trial protocols) were excluded. All 
relevant publications in any language were included 
if there was an English abstract.

•	 Time frame: All years; search conducted on 
September 11, 2023

Consensus on Science
Prophylactic Antiseizure Medication
No new studies were identified since the prior review. 
For the critical outcome of survival with favorable neu-
rological outcome at discharge, 30 days, or longer, 
2 RCTs including 562 patients investigated prophy-
lactic antiseizure medication and provided very low–
certainty evidence of no benefit for survival or neurologic 
outcome.288,289 Agents used for prophylaxis included 
thiopentone,288 magnesium, diazepam, and the combina-
tion of magnesium and diazepam,289 all compared with 
placebo. A nonrandomized clinical trial of 107 patients 
provided very low–certainty evidence of no improvement 
in neurological outcome at hospital discharge or survival 
with thiopentone compared with historic controls.290

Treatment of Seizures
No RCTs or nonrandomized studies addressed the effect 
of treatment of clinical seizures in post–cardiac arrest 
patients compared with no seizure treatment. One RCT 
provided low-certainty evidence on the effect of treat-
ment of rhythmic and periodic electroencephalogram 
(EEG) patterns in comatose patients after cardiac arrest, 
compared with no treatment, finding no difference in 
favorable neurological outcome (Cerebral Performance 
Category 1–2) at 3 months with administration of anti-
seizure medications compared with standard care (RR, 
1.23 [95% CI, 0.48–3.15]; or 19 more per 1000 pa-
tients, [95% CI, from 43 fewer to 179 more]).291 There 
was also no difference in survival.

Prior Treatment Recommendations (2020)
We suggest against seizure prophylaxis in adult post–
cardiac arrest survivors (weak recommendation, very 
low–certainty evidence).

We suggest treatment of seizures in adult post–car-
diac arrest survivors (weak recommendation, very low–
certainty evidence).230,232

2024 Treatment Recommendations
We suggest against the use of prophylactic antiseizure 
medication in post–cardiac arrest adults (weak recom-
mendation, very low–certainty evidence).

We suggest treatment of clinically apparent and elec-
trographic (EEG) seizures in post–cardiac arrest adults 
(good practice statement).

We suggest treatment of rhythmic and periodic EEG 
patterns that are on the ictal-interictal continuum in 
comatose post–cardiac arrest adults (weak recommen-
dation, low-certainty evidence).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.
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Prophylactic Antiseizure Medication
No new evidence has emerged on this topic since 
the prior review. The task force decided to clarify the 
language slightly but saw no reason for substantive 
change. The task force considered the evidence that 
the administration of prophylactic antiseizure medica-
tion in other forms of acute brain injury is not associat-
ed with improved outcomes and that most prophylactic 
antiseizure medications can have significant side ef-
fects. Finally, the task force acknowledged that most 
comatose post–cardiac arrest patients routinely re-
ceive sedatives like propofol or benzodiazepines, which 
are known to have antiseizure effects. However, the 
task force identified no controlled studies that exam-
ined whether different sedation strategies or choices 
of sedation drugs had an impact on the incidence of 
post–cardiac arrest seizures.

Seizure Treatment
The task force discussed the importance of consistent 
definitions when investigating this topic and creating 
treatment recommendations. Terms and definitions es-
tablished by the American Clinical Neurophysiology So-
ciety are used in the discussion below and should be 
employed consistently in trials (Table 11).292

Other points of discussion included
•	 Correct categorization of EEG findings requires the 

skilled interpretation of video EEG.
•	 Untreated clinical seizure activity may cause addi-

tional brain injury, and, thus, treatment of clinical 
seizures is recommended despite the lack of high-
certainty evidence.

•	 Rhythmic and periodic EEG patterns that do not 
meet criteria for electrographic seizures are of 
unclear significance in patients who are comatose 
after cardiac arrest. It is not clear if they represent 
a marker of an injured brain or if treatment may 
improve outcomes.

•	 In the TELSTAR trial (Treatment of 
Electroencephalographic Status Epilepticus After 
Cardiopulmonary Resuscitation), the majority 
(≈80%) of the EEG patterns were generalized peri-
odic discharges of 0.5 to 2.5 Hz without evolution. 
Whether such EEG patterns deserve treatment is 
unknown, and no difference was seen in the trial. 
Post hoc subgroup analysis of TELSTAR suggested 
a possible beneficial effect in the small subgroup 
with electrographic seizures but not for treatment of 
periodic discharges.291

•	 Indirect evidence from case series suggests seda-
tives such as propofol are effective in suppress-
ing clinical seizures and electrographic seizures. A 
retrospective study provides some evidence that 
conventional antiseizure medications (specifically 
valproate and levetiracetam) also have an effect in 
suppressing epileptiform activity in the EEG.293

•	 There is no direct evidence of undesirable effects of 
antiseizure medications in comatose post–cardiac 
arrest patients, although use of sedating agents 
may delay awakening.

•	 The benefit of continuous EEG compared with 
intermittent EEG was not specifically reviewed. 
Continuous EEG monitoring is labor intensive and 
likely to add significant cost to patient care. The 
cost-effectiveness of this approach is controversial 
and may depend substantially on the setting. The 
CERTA study (Continuous EEG Randomized Trial 
in Adults) evaluated continuous versus intermittent 

Table 11.  ACNS Standardized Critical Care EEG 
Terminology 2021 for Electrographic and Electroclinical 
Seizures

Category Definition

Electrographic 
seizure

Epileptiform discharges averaging >2.5 Hz for ≥10 s (>25 
discharges in 10 s)

or

Any pattern with definite evolution as defined above and 
lasting ≥10 s

Electroclinical 
seizure

Any EEG pattern with either

Definite clinical correlate time-locked to the pattern (of any 
duration)

or

EEG and clinical improvement with a parenteral (typically 
IV) antiseizure medication

Electroclinical 
status epilep-
ticus

An electroclinical seizure for

≥10 continuous min

or

A total duration of ≥20% of any 60-min period of 
recording

or

≥5 continuous min if the seizure is convulsive (ie, with 
bilateral tonic clonic motor activity; in any other clinical 
situation, the minimum duration to qualify as status 
epilepticus is >10 min

Possible ECSE: A pattern on the ictal-interictal continuum 
that is present for ≥10 continuous min or for a total 
duration of >20% of any 60-min period of recording, 
which shows EEG improvement with a parenteral 
antiseizure medication but without clinical improvement

Ictal-interictal 
continuum

Any PD or SW pattern that averages >1.0 Hz and <2.5 
Hz over 10 s (>10 and <25 discharges in 10 s)

or

Any PD or SW pattern that averages >0.5 Hz and <1 Hz 
over 10 s (>5 and <10 discharges in 10 s) and has a plus 
modifier or fluctuation

or

Any lateralized RDA averaging >1 Hz for at least 10 s (at 
least 10 waves in 10 s) with a plus modifier or fluctuation

and

Does not qualify as an electrographic seizure or electro-
clinical status epilepticus

ACNS indicates American Clinical Neurophysiology Society; ECSE, electro-
clinical status epilepticus; EEG, electroencephalogram; IV, intravenous; PD, peri-
odic discharge; RDA, rhythmic delta activity; SE, status epilepticus; and SW, spike 
wave.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 16, 2025



CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2024;150:e580–e687. DOI: 10.1161/CIR.0000000000001288� December 10, 2024 e603

Greif et al 2024 ILCOR CoSTR Summary

EEG in critically ill adults with impaired conscious-
ness, and approximately one third of the subjects 
had been resuscitated from cardiac arrest.294 No 
difference was found in outcome (6-month mor-
tality), although more seizures were detected and 
more frequent changes to antiseizure medications 
were made in the continuous EEG group.

Knowledge Gaps
•	 Whether antiseizure medications affect the outcome 

of post–cardiac arrest patients with either rhythmic 
and periodic EEG patterns or clinical seizures

•	 The optimal timing, duration, dosing, and choice 
of antiseizure medications for seizure treatment in 
comatose post–cardiac arrest patients

•	 The utility and cost-effectiveness of continuous 
EEG versus intermittent EEG monitoring in the 
diagnosis and treatment of seizures in comatose 
postarrest patients

•	 The threshold for treating rhythmic and periodic 
EEG activity

•	 The value of using volatile anesthetics to treat 
refractory status epilepticus in post–cardiac arrest 
patients

Extracorporeal Cardiopulmonary Resuscitation 
(ALS 3001: SysRev)
Rationale for Review
The task force was aware of new research published 
on the use of ECPR, and the decision was made to 
update our previous SysRev (PROSPERO registration 
CRD42022341077).295,296 For evidence related to pedi-
atric cardiac arrest, refer to the Pediatric Life Support 
section of this summary. The full CoSTR can be found 
online.297

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults (>18 years) with cardiac arrest in 
any setting (out-of-hospital or in-hospital)

•	 Intervention: ECPR, including extracorporeal mem-
brane oxygenation or cardiopulmonary bypass dur-
ing cardiac arrest

•	 Comparators: Manual or mechanical cardiopulmo-
nary resuscitation

•	 Outcome: Any clinical outcome
•	 Study designs: RCTs were included. Observational 

studies, animal studies, ecological studies, case 
series, case reports, reviews, abstracts, editori-
als, comments, letters to the editor, and unpub-
lished studies were excluded. Studies assessing 
cost-effectiveness were included for a descriptive 
overview. Studies exclusively assessing the use of 
extracorporeal life support for cardiac or respiratory 
failure after sustained ROSC were excluded. Studies 

assessing extracorporeal circulation for deep hypo-
thermia (or other conditions) were included only 
if cardiac arrest was documented. All languages 
were included if there was an English abstract or an 
English full-text article.

•	 Time frame: From June 21, 2022 (date of the 
search for the previous review), to May 10, 2023

Consensus on Science
A single new RCT was identified.298 This adds to the 3 
RCTs identified in the previous review.296,299–301 Given the 
existence of 4 RCTs and the critical risk of bias of the 
observational studies identified in prior reviews, only evi-
dence from RCTs was considered.

The overall certainty of evidence was rated as low for 
OHCA and as very low for IHCA (downgraded further 
because all evidence was in OHCA) for all outcomes. 
Because of a high degree of heterogeneity between the 
randomized trials, no meta-analyses were performed. 
Key results are summarized in Table 12.

2024 Treatment Recommendations (Unchanged 
from 2023)
We suggest that ECPR may be considered as a rescue 
therapy for selected adults with out-of-hospital cardiac 
arrest when conventional cardiopulmonary resuscitation 
is failing to restore spontaneous circulation in settings 
where this can be implemented (weak recommendation, 
low-certainty evidence).

We suggest ECPR may be considered as a rescue 
therapy for selected adults with in-hospital cardiac arrest 
when conventional cardiopulmonary resuscitation is fail-
ing to restore spontaneous circulation in settings where 
this can be implemented (weak recommendation, very 
low–certainty evidence).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.

•	 In making this weak recommendation, we note that 
this patient population (ie, patients in whom con-
ventional CPR is failing during cardiac arrest) has 
an extremely high mortality rate, particularly when 
refractory to standard advanced cardiac life sup-
port. Therefore, the potential for benefit and value 
of this intervention remains despite the overall low 
certainty of the evidence.

•	 The published randomized trials use highly selected 
patients for ECPR and not the general population of 
all cardiac arrest cases. The trial by Yannopoulos et 
al299 enrolled OHCA patients with an initial shock-
able rhythm and randomized patients upon hos-
pital arrival, whereas the trials by Hsu et al300 and 
Belohlavek et al301 enrolled OHCAs with any initial 
rhythm and randomized patients in the prehospital 
setting. The trial by Suverein et al298 enrolled OHCA 
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patients with an initial shockable rhythm and ran-
domized most patients in the prehospital setting 
(63% in the ECPR group and 66% in the conven-
tional CPR group). Guidelines for clinical practice 
should ideally apply to similar populations, although 
the optimal population remains undefined. For this 
reason, the findings of individual trials should be 
interpreted cautiously in the context of the trial set-
ting and population.

•	 We acknowledge that ECPR is a complex inter-
vention that requires considerable resources and 
training that are not universally available but also 
acknowledge the value of an intervention that may 
be successful in individuals for whom usual CPR 
techniques have failed. In addition, ECPR can sus-
tain perfusion while another intervention, such as 
coronary angiography or percutaneous coronary 
intervention, can be performed.

Knowledge Gaps
•	 There are few, and no large, randomized trials of 

ECPR versus standard care, and female patients 
are underrepresented in trials

•	 The optimal patient population who may benefit 
from ECPR

•	 The optimal time to initiate ECPR in cases of refrac-
tory cardiac arrest

•	 Whether ECPR for OHCA should be initiated in the 
prehospital or in-hospital setting

•	 The optimal techniques for providing safe and timely 
ECPR

•	 The optimal post–cardiac arrest care strategy for 
patients resuscitated using ECPR

•	 Whether there are population-specific differences 
in performing ECPR for in-hospital cardiac arrest 
and OHCA

•	 Whether there are differences in quality of life 
between survivors of ECPR and standard CPR

•	 The cost-effectiveness of ECPR

Cardiac Arrest During Pregnancy (ALS 3401: 
ScopRev)
Rationale for Review
Cardiac arrest during pregnancy is a rare but cata-
strophic event. Physiologic changes during pregnancy 
and concerns about both maternal and fetal survival 
bring additional considerations to resuscitation of a 
pregnant patient. The task force was aware that the 
evidence available was insufficient for a SysRev and 
meta-analysis to be possible but thought a review of 
this topic was a high priority, and this ScopRev was thus 
completed. The full report of this ScopRev, including 
detailed tables describing the individual studies, can be 
found online.302

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Pregnant or up to 1-year postpartum 
patients in cardiac arrest in any setting (in-hospital 
or out-of-hospital)

•	 Intervention: Any specific intervention(s)
•	 Comparators: Standard care or usual resuscitation 

practice
•	 Outcomes:

–	 Maternal
			�  ◾  �Critical: Survival and favorable functional out-

come at hospital discharge, 30 days, 60 days, 
180 days, or 1 year

			  ◾  �Important: ROSC
–	 Neonatal

			�  ◾  �Critical: Survival and favorable functional out-
come at hospital discharge, 30 days, 60 days, 
180 days, or 1 year

			  ◾  �Important: ROSC
•	 Study designs: RCTs and nonrandomized stud-

ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies, simula-
tion/manikin and animal studies), case series 

Table 12.  Key Outcomes by Treatment Group and ARD for Patients Treated With an ECPR Strategy, Compared With Standard 
Care

Author, year n

Survival to 
discharge/30 d, n (%)

ARD  
(95% CI), %

Favorable functional outcome* 
at discharge/30 d, n (%)

ARD  
(95% CI), %

Favorable functional 
outcome* at 6 mo, n (%)

ARD  
(95% CI), %

ECPR 
strategy

Standard 
care

ECPR 
strategy Standard care

ECPR 
strategy

Standard 
care

Yannopoulos 
et al, 2020299

30 6/14 (43) 1/15 (7) 36  
(7.4 to 65)

3/14 (21) 0 21 (0 to 43) 6/14 (43) 0 43  
(17 to 69)

Hsu et al, 
2021300

15 0 1/3 (33) −33  
(−87 to 20)

0 0 0 NA NA NA

Belohlavek  
et al, 2022301

264 52/124 
(42)

43/132 
(33)

9.4  
(−2.4 to 21)

38/124 (31) 24/132 (18) 13 (2 to 23) 39/124 
(32)

29/132 
(22)

10  
(−1.3 to 20)

Suverein et 
al, 2023298

134 14/70 (20) 13/64 
(20)

−0.3  
(−14 to 13)

14/70 (20) 10/62 (16) 3.9  
(−9.2 to 17)

14/70 (20) 10/63 (16) 4.1  
(−8.9 to 17)

ARD indicates absolute risk difference; CPC, Cerebral Performance Category; ECPR, extracorporeal cardiopulmonary resuscitation; mRS, modified Rankin Scale; and 
NA, not applicable.

*Favorable functional outcome defined as mRS score of 0 to 3 or CPC score of 1 to 2.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 16, 2025



CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2024;150:e580–e687. DOI: 10.1161/CIR.0000000000001288� December 10, 2024 e605

Greif et al 2024 ILCOR CoSTR Summary

with ≥20 patients, and descriptive studies without 
a comparator group were eligible for inclusion. 
Gray literature, social media, and non–peer-
reviewed studies, unpublished studies, confer-
ence abstracts, and trial protocols were eligible 
for inclusion. All languages were included if there 
was an English abstract or an English full-text 
article.

•	 Time frame: From August 2014 (date of prior 
review) to September 2023

Summary of Evidence
This ScopRev identified 8 heterogeneous studies de-
scribing several interventions for cardiac arrest during 
pregnancy.303–310 The studies are substantially limited by 
lack of granularity, small sample sizes, indirect measures 
of interventional effects, and high degrees of bias and 
confounding.

Studies are described in detail in the data tables in the 
online ScopRev.302 The studies identified concentrated 
on 3 interventions: (1) left-lateral uterine displacement 
with supine positioning for resuscitation, (2) perimor-
tem or resuscitative delivery, and (3) extracorporeal life 
support.

Indirect data from a porcine model demonstrated 
significantly higher coronary perfusion pressures dur-
ing resuscitation with supine positioning with left-lateral 
uterine displacement compared with left-lateral tilt posi-
tioning (perfusion pressure of 20 mm Hg compared 
with 5 mm Hg, P<0.05).305 Five observational studies 
reported data supporting performing perimortem cesar-
ean or resuscitative delivery when ROSC does not occur 
early during resuscitation of cardiac arrest in a pregnant 
person with a uterine size ≥20 weeks’ gestation.306–310 
The median time from collapse to cesarean delivery in 
survivors and nonsurvivors varied across studies, but 
shorter times from arrest to delivery were associated 
with improved maternal and neonatal outcomes. Two 
studies suggested that extracorporeal life support may 
improve pregnancy and peripartum outcomes for both 
the pregnant person and fetus in the setting of cardiac 
arrest, despite the potential of bleeding and clotting com-
plications.303,304

Task Force Insights
The task force prioritized this topic because of the ongo-
ing burden of mortality during pregnancy (estimated at 
287 000 deaths globally in 2020, with mortality increas-
ing in some countries, such as the United States).311,312 
The prevalence of cardiac arrest during hospitalizations 
for delivery in the United States from 2017 to 2019 rose 
to 1/9000, previously reported as 1/12 000 in 2014  
using the US National Inpatient Sample database.313  
Cardiac arrest is the final common pathway of several 

pathophysiologic conditions leading to death during 
pregnancy, including hemorrhage, cardiomyopathy, hy-
pertensive complications, embolic events, and sepsis. 
Management of cardiac arrest is complex because it 
requires accommodation of the physiological changes 
of pregnancy. Randomized trials are challenging to per-
form during pregnancy, and the evidence on this topic 
is limited. For these reasons, the task force decided to 
summarize the emerging research and identify specific 
knowledge gaps. The limited data did not support a full 
SysRev or making any changes to existing treatment 
recommendations, but 2 good practice statements 
were made.

2024 Treatment Recommendations (Unchanged 
from 2020) and Good Practice Statements (New)
We suggest delivery of the fetus by perimortem cesarean 
delivery for women in cardiac arrest in the second half 
of pregnancy (weak recommendation, very low–certainty 
evidence).

There is insufficient evidence to define a specific time 
interval by which delivery should begin.

High-quality usual resuscitation care and therapeutic 
interventions that target the most likely cause(s) of car-
diac arrest remain important in this population.

There is insufficient evidence to make a recommen-
dation about the use of left-lateral tilt or uterine displace-
ment during CPR in the pregnant patient.

ECPR may be considered as a rescue therapy for 
selected cardiac arrest patients during pregnancy or in 
the postpartum period when conventional CPR fails and 
in settings in which it can be implemented (good practice 
statement).

This good practice statement does not replace the 
ALS treatment recommendation for use of ECPR in 
general.

Institution readiness and resuscitation education are 
required to accommodate the unique physiologic chal-
lenges of cardiac arrest during pregnancy (good practice 
statement).

Knowledge Gaps
•	 How to improve outcomes of cardiac arrest during 

pregnancy
•	 Optimal approach to airway management in car-

diac arrest in pregnancy, including placement of 
an advanced airway, tracheal intubation, and use of 
videolaryngoscopy

•	 Optimal management of OHCA during pregnancy, 
including issues of transport and consequent delays 
in perimortem or resuscitative delivery

•	 How to select patients most likely to benefit from, 
and not be harmed by, ECPR
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Emergency Front of Neck Airway Access During 
Cardiac Arrest (ALS 3606: ScopRev)
Rationale for Review
This topic was selected for review by the ALS Task Force 
due to ongoing uncertainty concerning optimal strate-
gies for emergency airway management in cardiac arrest 
when standard approaches to basic and advanced airway 
management fail. The full report of this ScopRev314 can 
be found online.315

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adult patients in cardiac arrest in any 
setting in which adequate ventilation cannot be 
rapidly achieved by using basic or advanced airway 
management strategies

•	 Intervention: Front-of-neck airway access attempt
•	 Comparators: Ongoing attempts at basic or 

advanced airway management strategies
•	 Outcome: Any clinical outcome
•	 Study designs: RCTs, nonrandomized studies (eg, 

interrupted time series, controlled before-and-after 
studies and cohort studies), and case series with 
at least 5 patients were included. Animal studies, 
case series or reports with fewer than 5 patients, 
editorials, protocols, review articles, and letters were 
excluded.

•	 Time frame: From inception to November 2, 2023

Summary of Evidence
Our search identified a single RCT316 and 68 observa-
tional studies from prehospital, in-hospital, and military 
settings.317–384 No studies specifically focused on cardiac 
arrest.

The RCT compared emergency cricothyrotomy and 
emergency percutaneous dilatational tracheostomy in 
169 patients (9 with cardiac arrest) with failed airway 
management in the emergency department.316 The suc-
cess rate of percutaneous cricothyrotomy (95.3%) was 
similar to that of percutaneous dilatational tracheostomy 
(97.6%; P=0.45).

The observational studies documented a median 
11.4 front-of-neck access attempts per study (inter-
quartile range [IQR], 2.9-31.5). Most studies were 
trauma specific or a mix of trauma and medical  
emergencies and occurred in a mix of prehospital, in- 
hospital, and military settings. The most common emer-
gency front-of-neck airway intervention was surgical 
cricothyroidotomy.

Incidence of front-of-neck airway access attempts var-
ied markedly across studies, from 0.06 to 436 attempts 
per 1000 patients. The variability was predominantly 
driven by the denominator chosen in each study (eg, all 
intubation attempts or all cases of failed intubation). Suc-
cess rates were typically high, with most studies report-
ing success rates of >70%. Outcomes varied markedly 

across studies. In cardiac arrest patients, rates of ROSC 
ranged from 0% to 64%. The evidence on complica-
tions was challenging to interpret because reporting was 
inconsistent.

Task Force Insights
The task force discussed the review findings and noted 
the following:

•	 None of the available evidence directly addressed 
the review question.

•	 There were no studies that specifically examined 
patients in cardiac arrest, such that the incidence of 
front-of-neck airway access attempts in the cardiac 
arrest population is uncertain.

•	 The success rate of emergency front-of-neck air-
way access attempts was generally high.

•	 Clinical outcomes across studies varied markedly.
•	 The available evidence does not enable the task 

force to make comparisons across different front-
of-neck airway access strategies.

•	 The context of cardiac arrest (eg, ongoing chest 
compressions, unreliability of pulse oximetry or 
other strategies to monitor oxygenation) may make 
it particularly challenging to rapidly identify a fail-
ure to achieve adequate ventilation and adequate 
oxygenation.

•	 The task force recognized that the generation of 
high-quality data that directly address the review 
question would be challenging.

2024 Good Practice Statement (New)
In adults in cardiac arrest, when standard airway 
management strategies (eg, oropharyngeal airway 
and bag-mask, supraglottic airway, or tracheal tube) 
have failed, it is reasonable for appropriately trained 
rescuers to attempt front-of-neck airway access us-
ing a cricothyroidotomy technique (good practice 
statement).

Knowledge Gaps
•	 The incidence or success rate of emergency front-

of-neck airway access attempts in the adult cardiac 
arrest population

•	 The optimal timing for emergency front-of-neck air-
way access in adults in cardiac arrest

•	 Clinical outcomes of adults in cardiac arrest for 
whom emergency front-of-neck airway access is 
attempted

•	 The optimal technique for achieving front-of-neck 
airway access

ALS Topics Reviewed by EvUps
ALS topics reviewed by EvUps are summarized in 
Table 13.
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Table 13.  Summary of Advanced Life Support Evidence Updates

Topic/PICO
Year last 
updated Existing treatment recommendation

RCTs 
since last 
review

Observational 
studies since 
last review Key findings

Sufficient 
data to 
warrant 
SysRev?

Use of 
atropine in 
cardiac arrest 
(ALS 3206)

2010 There is insufficient evidence to support 
or refute the use of atropine in cardiac 
arrest to improve survival to hospital 
discharge.

0 3 Administration of atropine was not associated 
with improved survival to hospital discharge or 
longer-term survival/neurological outcomes.

No

Airway man-
agement dur-
ing cardiac 
arrest (ALS 
3300–3304)

2019 We suggest using bag-mask ventilation 
or an advanced airway strategy during 
CPR for adult cardiac arrest in any setting 
(weak recommendation, low-certainty to 
moderate-certainty evidence).

If an advanced airway is used, we sug-
gest a supraglottic airway for adults with 
OHCA in settings with a low tracheal 
intubation success rate (weak recommen-
dation, low-certainty evidence).

If an advanced airway is used, we sug-
gest a supraglottic airway or tracheal 
intubation for adults with out-of-hospital 
cardiac arrest in settings with a high 
tracheal intubation success rate (weak 
recommendation, very low–certainty 
evidence).

If an advanced airway is used, we sug-
gest a supraglottic airway or tracheal 
intubation for adults with in-hospital car-
diac arrest (weak recommendation, very 
low–certainty evidence).

2 and 9 
RCT sub-
analyses

50 One cluster RCT found no significant differ-
ence between tracheal tube and iGel.

Five observational studies compared video 
with direct laryngoscopy. In all 5 studies, video 
laryngoscopy was associated with either bet-
ter or equivalent outcomes (outcomes ranging 
from glottic view to hospital survival).

Two randomized trials compared proprietary 
laryngoscopy tools against direct laryngos-
copy in small cohorts. In general, findings 
favored the proprietary tools over direct laryn-
goscopy.

Seven observational studies, all limited by 
risk of bias, found an association between 
early advanced airway placement and better 
outcomes (patients who did not receive an 
advanced airway were excluded).

No

CPR-induced 
conscious-
ness (ALS 
3004)

2021 In settings in which it is feasible, rescuers 
may consider using sedative or analgesic 
drugs (or both) in very small doses to 
prevent pain and distress to patients who 
are conscious during CPR (good practice 
statement).

Neuromuscular-blocking drugs alone 
should not be given to conscious patients 
(good practice statement).

The optimal drug regimen for sedation 
and analgesia during CPR is uncertain. 
Regimens can be based on those used in 
critically ill patients and according to local 
protocols (good practice statement).

0 5 Incidence of CPRIC appears to be high, with 
57% of UK paramedics witnessing CPRIC. 
CPRIC is associated with memory and aware-
ness of events and may have longer-lasting 
psychological sequelae (depression, anxiety, 
PTSD). It is unclear how to best treat CPRIC 
or whether treatment improves patient care 
and outcomes.

No

Use of mCPR 
devices dur-
ing cardiac 
arrest (ALS 
3002)

2015 We suggest against the routine use of 
automated mechanical chest compres-
sion devices but suggest that they are a 
reasonable alternative to use in situations 
where sustained high-quality manual 
chest compressions are impractical or 
compromise provider safety.

6 46 One OHCA RCT found no difference in short-
term survival with the LUCAS device com-
pared with manual CPR. A subanalysis from a 
clinical trial of OHCA also found no difference 
in long-term outcomes with mechanical CPR 
compared with manual CPR.

One feasibility trial of IHCA found use of the 
LUCAS was feasible and found no difference 
in outcomes, compared with manual CPR.

One trial of OHCA in the emergency depart-
ment found higher ROSC rate with the Auto-
Pulse compared with manual CPR (45% with 
manual CPR compared with 23% with the Au-
toPulse, P=0.009). Survival was also higher in 
the AutoPulse group (39.1% compared with 
21.9%, P=0.03).

Yes

Cardiac 
arrest as-
sociated with 
asthma (ALS 
3408)

2010 There is insufficient evidence to suggest 
any routine change to cardiac arrest 
resuscitation treatment algorithms for 
patients with cardiac arrest caused by 
asthma.

0 1 guideline 
article

 No

(Continued )
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PEDIATRIC LIFE SUPPORT
Blood Pressure Targets Following Return of 
Circulation After Pediatric Cardiac Arrest (PLS 
4190-01: SysRev)
Rationale for Review
Determining the optimal BP targets in infants and children 
after cardiac arrest after ROSC, or after return of circu-
lation (ROC) on mechanical support, poses a significant 
challenge due to lack of evidence. Clinical practice in this 
area is based on a few pediatric studies, extrapolation from 
studies conducted in adults, or expert consensus recom-
mendations. While individual studies in infants and chil-

dren suggest there is an association between hypotension 
post-ROSC or post-ROC and poor outcomes, these stud-
ies are small and it is unclear if the association is causal 
or a surrogate marker of more severe postresuscitation 
syndrome. To answer this knowledge gap, a systematic 
review aimed to evaluate the literature on the effects of 
BP targets on outcomes post-ROSC/ROC in infants and 
children (PROSPERO registration CRD42023483865). 
The full CoSTR can be found online.385

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Infants and children in any setting (in-
hospital or out-of-hospital cardiac arrest) after ROC

Topic/PICO
Year last 
updated Existing treatment recommendation

RCTs 
since last 
review

Observational 
studies since 
last review Key findings

Sufficient 
data to 
warrant 
SysRev?

Antiarrhyth-
mics during 
and after 
cardiac arrest 
(ALS 3201, 
3514)

2018 We suggest the use of amiodarone or 
lidocaine in adults with shock refractory 
VF/pVT (weak recommendation, low-
quality evidence).

We suggest against the routine use of 
magnesium in adults with shock-refractory 
VF/pVT (weak recommendation, very low-
quality evidence).

The confidence in effect estimates is 
currently too low to support an ALS Task 
Force recommendation about the use 
of bretylium, nifekalant, or  sotalol in the 
treatment of adults in cardiac arrest with 
shock-refractory VF/pVT.

The confidence in effect estimates is 
currently too low to support an ALS Task 
Force recommendation about the use of 
prophylactic antiarrhythmic drugs imme-
diately after ROSC in adults with VF/pVT 
cardiac arrest.

0

6 sec-
ondary 
analyses 
of ROC-
ALPS 
RCT

20 Observational studies and the secondary 
analyses of prior RCTs generally favor amio-
darone or lidocaine over placebo, supporting 
the current treatment recommendations. 
Procainamide and β-blockers were included in 
the updated evidence review, for which there 
were insufficient data to support recommen-
dations for their use in the treatment of adults 
in cardiac arrest with shock-refractory VF/pVT, 
as was also the case for bretylium, nifekalant, 
and sotalol.

Studies supported early administration of 
antiarrhythmics during cardiac arrest as 
survival decreased with longer times to drug 
administration.

No

Cardiac 
arrest as-
sociated with 
pulmonary 
embolism 
(ALS 3400)

2020 We suggest administering fibrinolytic 
drugs for cardiac arrest when PE is the 
suspected cause of cardiac arrest (weak 
recommendation, very low–certainty 
evidence).

We suggest the use of fibrinolytic drugs 
or surgical embolectomy or percutaneous 
mechanical thrombectomy for cardiac 
arrest when PE is the known cause of 
cardiac arrest (weak recommendation, 
very low–certainty evidence).

The role of ECPR techniques was ad-
dressed in the 2019 ILCOR CoSTR.

We suggest that ECPR may be consid-
ered as a rescue therapy for selected 
patients with cardiac arrest when conven-
tional CPR is failing in settings in which it 
can be implemented (weak recommenda-
tion, very low–certainty evidence).

0 1 Higher survival rate in patients treated with 
thrombolysis.

Small number of patients, wide confidence 
intervals.

Observational design, high risk of bias/con-
founding.

No

ALS indicates advanced life support; CPR, cardiopulmonary resuscitation; CPRIC, CPR-induced consciousness; ECPR, extracorporeal cardiopulmonary resuscita-
tion; EvUp, evidence update; IHCA, in-hospital cardiac arrest; LUCAS, Lund University Cardiopulmonary Assist System; mCPR, mechanical CPR; OHCA, out-of-hospital 
cardiac arrest; PE, pulmonary embolism; PICO, population, intervention, comparator, outcome; PTSD, posttraumatic stress disorder; RCT, randomized controlled trial; 
ROC-ALPS, Resuscitation Outcomes Consortium-Amiodarone, Lidocaine or Placebo Study; ROSC, return of spontaneous circulation; SysRev, systematic review; and 
VF/pVT, ventricular fibrillation or pulseless ventricular tachycardia.

Table 13.  Continued
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•	 Intervention: A specific BP target
•	 Comparator: No BP target or a different BP target
•	 Outcome

-	 Critical: Survival/survival with favorable neurolog-
ical outcome as per Pediatric Core Outcome Set 
for Cardiac Arrest386

•	 Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, confer-
ence abstracts, trial protocols) were excluded. All 
languages were included if there was an English 
abstract.

•	 Time frame: All years were included. The initial 
search was done on January 25, 2023, and updated 
on November 3, 2023.

Consensus on Science
Six studies were identified.387–392 All 6 were nonrandom-
ized observational cohort studies, with 5 being second-
ary analyses. We identified significant variation in BP 
target definitions (eg, systolic, mean, and diastolic BP 
and >5th, >10th, and >50th percentile for age) and 
time frames for measurement (<20 minutes, 0–6 hours, 
within 24 hours, and 0–72 hours). In our final analysis, 
we included 4 studies388,389,391,392 examining the BP tar-
gets of systolic BP >5th percentile for age compared 
with systolic BP ≤5th percentile within the first 6 hours 
after ROC. One study was not included in our analysis 
because only diastolic BP targets were reported.390 The 
pooled sample included 463/930 (49.8%) patients after 
IHCA and 467/930 (50.2%) after OHCA. We also in-
cluded 1 study387 that enrolled 693 infants and children 
after IHCA (excluding patients who required extracorpo-
real life support [ECLS]). This study compared systolic 
BP >10th percentile with systolic BP ≤10th percentile 
within the first 6 hours after ROC. The systolic BP cut-
off at the 10th percentile was generated from receiver 
operator characteristic curves and spline curves created 
from the study data.

Results from included pediatric studies are included in 
Table 14. A random effects model was chosen for meta-
analysis to better account for study heterogeneity.

Prior Treatment Recommendation (2020)
We recommend that for infants and children after ROSC, 
parenteral fluids and/or inotropes or vasopressors should 
be used to maintain a systolic blood pressure of at least 
greater than the fifth percentile for age (strong recom-
mendation, very low–certainty evidence).393

2024 Treatment Recommendations
We suggest in infants and children with return of circula-
tion after an IHCA or OHCA that a systolic BP >10th 
percentile for age should be targeted (weak recommen-
dation, very low–certainty evidence).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.

•	 The PLS Task Force considered that the measure-
ment and treatment of BP is a standard component 
of the postresuscitation bundle of care after car-
diac arrest. However, current post–cardiac arrest 
BP targets and thresholds for treatment have been 
suggested through expert consensus and evidence 
extrapolated from individual studies.

•	 Measurement of BP is a low-cost intervention and 
available in nearly all resource settings. However, 
the PLS Task Force did not compare the cost-
effectiveness of intermittent noninvasive BP mea-
surement with invasive arterial or continuous BP 
measurement.

•	 There were no randomized controlled studies com-
paring 2 treatment approaches or 2 BP targets after 
cardiac arrest. The available evidence consisted of 
observational data demonstrating the impact of 
exposure to 2 different BP thresholds on clinically 
important outcomes. However, the BP thresholds 
were chosen either a priori by investigators as a 
clinically important threshold (eg, <5th percentile) 
or the cutoff value was derived statistically from 
the population data as the most significant inflec-
tion point (<10th percentile). The PLS Task Force 
focused on the impact of hypotension on clinical 
outcome and did not include studies assessing nor-
motension or hypertension on outcomes. This will 
form part of future assessments.

•	 The PLS Task Force considered the exposure 
overlap of the 2 thresholds, <5th percentile and 
<10th percentile. It was not statistically possible to 
perform meta-regression to compare the 2 treat-
ment targets. The consensus of the task force was 
that the higher threshold target (<10th percentile) 
included the population included in the <5th per-
centile group. Acknowledging the low certainty of 
evidence, the target of >10th percentile systolic 
BP was the more acceptable systolic BP goal and 
ensured avoidance of the 5th to 10th BP percen-
tiles that were associated with worse outcome in 
the larger study.387

•	 The PLS Task Force concluded that although the 
effect size from the pooled studies is small, the value 
of the outcome is high and the potential impact on 
infant and child survivors globally is, therefore, large.

Knowledge Gaps
•	 There are no interventional studies comparing ben-

efit or harm of targeting specific BP targets
•	 The impact of prehospital BP measurement or 

treatment for OHCA
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•	 Whether specific subgroups of pediatric patients 
after ROC require different BP targets. Observational 
data demonstrate an association between exposure 
to lower BP targets and worse outcome; however, 
more data are required to demonstrate a causal 
relationship between treatment interventions to 
achieve higher BP targets and improved outcomes. 
The task force was unable to assess the benefits or 
harm of exposure to hypertension in the period after 
cardiac arrest.

•	 Whether patients receiving targeted temperature 
management (eg, 33 °C) require different BP 
targets

•	 We encourage consistent reporting of BP moni-
toring definitions (eg, site, repeated measurement, 
component of BP [systolic, diastolic, mean BP]) and 
definitions of exposure to hypotension (eg, single 
episode versus percentage of time)

•	 Most studies report exposure to BP thresholds 
within 6 hours; impact of BP interventions outside 
this time frame is important.

•	 Which strategy is optimal to achieve a BP above 
the threshold level (eg, fluids, vasopressor support, 
mechanical support)

•	 Whether a BP target or another marker of end 
organ perfusion (eg, lactate, urine output, or other) 
is the most appropriate target

•	 Optimal BP targets during ECLS post–cardiac 
arrest. Some patients on ECLS may lack heart pul-
satility, which also limits use of systolic BP targets in 
this patient group.

•	 The optimal strategy to use when cerebral autoreg-
ulation is impaired

Effect of Prophylactic Antiseizure Medication or 
Treatment of Seizures on Outcome of Children 
After Cardiac Arrest (PLS 4210-02: SysRevs)
Rationale for Review
Cardiac arrest in children is relatively uncommon and has a 
very high mortality rate, with hypoxic-ischemic brain injury 
being a common cause of death. Seizures including sus-
pected clinical, electroclinical, and electrographic seizures 
with EEG correlation are common manifestations of post–
cardiac arrest brain injury in children, with an incidence of 
≈10% to 40%.394–396 Seizures and abnormalities on EEG 
post–cardiac arrest are associated with poor neurologic 
outcome in children.396–399 It is unclear if prophylactic anti-
seizure medication to prevent seizures or treatment of sei-
zures when they are identified improves outcome. There 
are no existing ILCOR recommendations for children, and 
this SysRev was thus undertaken (PROSPERO registra-
tions CRD42023460746 and CRD42023463581). The 
full CoSTR can be found online.400

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults or pediatric patients in any set-
ting (IHCA or OHCA) with ROC

•	 Intervention: One strategy for prophylactic antisei-
zure medication or seizure treatment

•	 Comparator: Another strategy or no prophylactic 
antiseizure medication or seizure treatment

•	 Outcome
-	 Critical: Survival or survival with favorable neuro-

logical outcome as per Pediatric Core Outcome 
Set for Cardiac Arrest386

Table 14.  Studies Comparing BP Targets Post–Cardiac Arrest

Outcomes (importance)
Study type, participants, 
n (studies, n)

Certainty of evidence 
(GRADE) aRR (95% CI) ARD with intervention

Exposure: ≤5th percentile vs >5th percentile for age systolic BP within 6 h post-ROC

Survival Nonrandomized, 931 
(4)388,389,391,392

Very low 1.34 (1.07–1.52) 143 more patients per 1000 survived with the 
intervention (95% CI, 30 more patients per 1000 
to 219 more patients per 1000 survived with the 
intervention)

�Survival with favorable 
neurologic outcome  
(critical)

Nonrandomized, 584 
(2)388,389

Very low 1.30 (1.06–1.60) 156 more patients per 1000 survived with the 
intervention (95% CI, 31 more patients per 1000 
to 312 more patients per 1000 survived with the 
intervention)

Exposure: ≤10th percentile vs >10th percentile for age systolic BP within 6 h post-ROC

�Survival Nonrandomized, 693 
(1)387

Very low 1.21 (1.00–1.33); 
P<0.01

138 more patients per 1000 survived with the 
intervention (95% CI, 66 more patients per 1000 
to 213 more patients per 1000 survived with the 
intervention)

�Survival with favorable 
neurologic outcome  
(critical)

Nonrandomized, 693 
(1)387

Very low 1.22 (1.10–1.35); 
P<0.01

134 more patients per 1000 survived with the 
intervention (95% CI, 61 more patients per 1000 
to 213 more patients per 1000 survived with the 
intervention)

ARD indicates absolute risk difference; aRR, adjusted risk ratio; BP, blood pressure; GRADE, Grading of Recommendations Assessment, Development, and Evalua-
tion; and ROC, return of circulation.
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•	 Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, confer-
ence abstracts, trial protocols) were excluded. All 
relevant publications in any language were included 
if there was an English abstract.

•	 Time frame: Literature search includes all years up 
to September 11, 2023

Consensus on Science
Prophylactic Antiseizure Medication
For the critical outcome of survival with favorable neu-
rological outcome at discharge/30 days or longer, no 
pediatric RCTs nor nonrandomized comparative studies 
were identified.

Indirect evidence from adult studies was identified 
and included (Table 15). We identified 2 randomized 
studies288,289 and a single nonrandomized study290 enroll-
ing adult patients only. No studies reported improvement 
in survival with favorable neurological outcome or survival 
with prophylactic antiseizure medication.

Treatment of Seizures
For the critical outcome of survival with favorable neuro-
logical outcome at discharge/30 days or longer, no pe-
diatric RCTs or nonrandomized comparative studies were 
identified.

Indirect evidence from adult studies was identified and 
included. We identified a single randomized study291 of 
172 patients, assessing the effect of treatment of rhyth-
mic and periodic discharges with antiseizure medication 
on the critical outcome of survival with favorable neuro-

logic outcome at 3 months and finding no benefit (RR, 
1.23 [95% CI, 0.48–3.15], or 19 more per 1000 patients 
[95% CI, from 43 fewer to 179 more]). There was also no 
difference in survival (RR, 1.14 [95% CI, 0.62–2.12], or 
27 more survivors per 1000 patients [95% CI, from 68 
fewer to 200 more]).

2024 Good Practice Statements: New
Prophylactic Antiseizure Medication
We suggest against the routine use of prophylactic anti-
seizure medication in children post–cardiac arrest (good 
practice statement).

Seizure Treatment
We suggest the treatment of seizures in children post–
cardiac arrest (good practice statement).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.

Prophylactic Antiseizure Medication
•	 Due to the lack of direct evidence in children post–

cardiac arrest and very low certainty of indirect evi-
dence from adults, the PLS Task Force was unable to 
make a treatment recommendation. The task force’s 
decision to provide a good practice statement sug-
gesting against post–cardiac arrest prophylactic 
antiseizure medication was based on the absence 
of indirect evidence from adult comatose cardiac 
arrest survivors that prophylactic therapy with anti-
seizure medication prevents seizures or improves 
important outcomes. However, the PLS Task Force 

Table 15.  Adult Studies of Prophylactic Antiseizure Medication Post–Cardiac Arrest

Outcomes  
(importance)

Participants, n (studies, 
n/study type) Investigation

Certainty of  
evidence (GRADE) RR (95% CI) ARD with intervention

Adult studies

�Survival with 
favorable 
neurologic 
outcome  
(critical)

262 (1 RCT)288 Thiopentone vs standard care Very low 1.3 (0.76–2.21) 46 more adult survivors per 
1000 patients (95% CI, 
from 37 fewer to 185 more)

300 (1 RCT)289 IV magnesium vs placebo Very low 1.37 (0.83–2.25) 94 more adult survivors per 
1000 patients (95% CI, 
from 43 fewer to 317 more)

300 (1 RCT)289 IV diazepam vs placebo Very low 0.68 (0.36–1.28) 81 fewer adult survivors 
per 1000 patients (95% CI, 
from 162 fewer to 71 more)

300 (1 RCT)289 IV magnesium and diazepam vs 
placebo

Very low 0.68 (0.36–1.28) 81 fewer adult survivors 
per 1000 patients (95% CI, 
from 162 fewer to 71 more)

107 (1 nonrandomized 
study)290

Bolus and continuous infusion of 
thiopentone and phenobarbital 
compared with historic controls

Very low 1.41 (0.88–2.27) 137 more adult survivors per 
1000 adults (95% CI, from 
40 fewer to 423 more)

�Survival to 
hospital 
discharge

107 (1 nonrandomized 
study)290

Bolus and continuous infusion of 
thiopentone and phenobarbital 
compared with historic controls

Very low 1.40 (0.83–2.36) 119 more adult survivors 
per 1000 patients (95% CI, 
from 50 fewer to 403 more)

ARD indicates absolute risk difference; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; RCT, randomized controlled trial; and RR, 
risk ratio.
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recognized the low certainty of the evidence from 
RCTs. The PLS Task Force also considered that the 
administration of prophylactic antiseizure medica-
tion in other forms of acute brain injury (eg, neo-
natal hypoxic-ischemic encephalopathy)401 is not 
associated with improved long-term outcomes. 
Although prophylactic antiseizure medication is rec-
ommended after traumatic brain injury in children,402 
the evidence of benefit for early seizure prevention 
is of very low certainty and there is no evidence of 
improved long-term outcomes.403

•	 The medications used for antiseizure prophylaxis in 
the included adult trials (eg, barbiturates) can have 
significant side effects, although the cardiac side 
effects seen in adults may be less common in chil-
dren. The PLS Task Force acknowledged that newer 
antiseizure medications have not been evaluated 
and that their efficacy and side effect profile may 
differ. Further evaluation is encouraged.

Seizure Treatment
•	 No direct pediatric evidence of the effects of treat-

ing seizures in children after cardiac arrest was 
identified, and the PLS Task Force could not make a 
treatment recommendation.

•	 The PLS Task Force chose to make the good prac-
tice statement based on the knowledge that high 
seizure burden in children has been associated with 
poor neurological outcome.404,405 There are safe and 
effective antiseizure medications that can reduce sei-
zure burden in children with status epilepticus, which, 
in turn, may benefit longer-term outcomes.406–408

•	 The PLS Task Force acknowledges the challenge 
of seizure diagnosis and the important role of con-
firmatory EEG in addition to clinical signs of seizure 
to increase certainty of diagnosis. The poten-
tial risk of treating suspected seizures in settings 
without access to EEG confirmation needs to be 
balanced with potential harm of antiseizure medi-
cations. EEG confirmation remains the reference 
standard approach for seizure diagnosis; however, 
EEG may not be available in many clinical settings 
because it requires significant resources, including 
neurophysiology equipment, training, and expertise. 
Continuous EEG monitoring is labor intensive and 
likely to add significant cost to patient care. The 
cost-effectiveness of this approach is controversial 
and may depend on the setting. The relative benefit 
of continuous EEG compared with intermittent EEG 
monitoring was not reviewed.

•	 There is insufficient evidence to suggest for or 
against the treatment of rhythmic and periodic EEG 
patterns in children post–cardiac arrest. One RCT 
in adults291 did not find a difference in the primary 
outcome with 1 therapeutic approach to treatment 

of rhythmic and periodic EEG patterns. However, 
no significant harm was noted in adults assigned 
to the treatment or control arm. Further research 
is required in children to evaluate the impact on 
treating specific EEG patterns and electrographic 
seizures.

•	 Medication for sedation (eg, benzodiazepines and 
propofol) and use of hypothermic temperature 
control after cardiac arrest may also affect seizure 
burden, timing, and detection. Evaluation of the 
use of prophylactic antiseizure medication and sei-
zure treatment in the context of these therapies is 
important.

Knowledge Gaps
•	 Whether prophylactic antiseizure medication 

impacts outcomes in children post–cardiac arrest
•	 Whether use of antiseizure medications to treat sei-

zures impacts important clinical outcomes in chil-
dren post–cardiac arrest

•	 Indications for and cost-effectiveness of continuous 
EEG, quantitative EEG, and intermittent EEG post–
cardiac arrest

•	 Impact of prophylactic antiseizure medication and 
seizure treatment on seizure burden and timing and 
detection in the context of medication for sedation 
and hypothermic temperature control

Advanced Airway Interventions in Pediatric 
Cardiac Arrest (PLS 4060-01: SysRevs)

Rationale for Review
Airway management is vital in pediatric resuscitation, 
especially since respiratory conditions are frequently the 
primary cause of pediatric cardiac arrest. Maintaining an 
open airway and delivering sustained effective ventila-
tions using a bag-mask device can be difficult, even in 
skilled hands. Placement of an advanced airway device, 
such as a supraglottic airway (SGA) or tracheal tube, may 
facilitate more effective oxygenation and ventilation than 
bag-mask ventilation (BMV). Both require skilled person-
nel, and the time taken to perform either procedure may 
interfere with other vital components of resuscitation (eg, 
chest compressions).

Since the last review of this topic,409,409a the PLS Task 
Force was aware of new data, prompting this updated 
SysRev (PROSPERO registration CRD42023482459). 
The full CoSTR can be found online.410

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Infants and children who received CPR 
after OHCA or IHCA (excluding newborn children)

•	 Intervention: Placement of an advanced airway 
device
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•	 Comparator: BMV alone or non–advanced airway 
interventions (primary) or another advanced airway 
device (secondary)

•	 Outcome
-	 Critical: Survival to hospital discharge with favor-

able neurological outcome and survival to hospi-
tal discharge

-	 Important: ROSC386

•	 Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, confer-
ence abstracts, trial protocols) were excluded. All 
relevant publications in any language were included 
if there was an English abstract.

•	 Time frame: The previous SysRev included studies 
up to September 24, 2018. The updated search 
included studies from June 2018 through August 
15, 2023.

Consensus on Science
The PLS Task Force reviewed the evidence for the fol-
lowing comparisons: tracheal intubation (TI) compared 
with BMV, SGA compared with BMV, and TI compared 
with SGA during pediatric cardiac arrest.

Nineteen studies were included. Only 1 study provided 
clinical trial data.411 Five studies provided propensity-
adjusted cohort data.412–416 Nine other studies provided 
retrospective cohort data amenable to meta-analysis.417–425 
Four studies provided retrospective cohort data in adjusted 
form only, not amenable to meta-analysis.426–429 One 
study430 that was included in the original SysRev409 was 
excluded from this updated SysRev because it overlapped 
with a newer study.416 Summative results from 15 of the 
studies are included in Table 16; the 4 cohort studies with 
results not amenable to meta-analysis were excluded.

A random effects model was chosen for meta-analysis 
to better account for study heterogeneity. The results 
suggest that resuscitation with TI is not superior to BMV-
based resuscitation for cardiac arrest in children for the 
critically important outcomes of survival with favorable 
neurological outcome and survival to hospital discharge 
(with low to very low certainty). Some very low–certainty 
evidence suggests the use of TI may be associated with 
harm.

IHCA Versus OHCA
Separate analyses of studies of IHCA and OHCA pro-
duced similar results. However, the body of evidence for 
IHCA is particularly small (consisting of 1 propensity-
matched cohort study and 3 other cohort studies) and 
provides very low–certainty evidence.412,420–422 The studies 
are very heterogeneous and showed inconsistent results.

Prior Treatment Recommendations (2019)
We suggest the use of BMV rather than TI or SGA in 
the management of children during cardiac arrest in the 

out-of-hospital setting (weak recommendation, very low–
certainty evidence).

There is insufficient evidence to support any recom-
mendation about the use of TI or SGA in the manage-
ment of children with cardiac arrest in the in-hospital 
setting.409a

2024 Treatment Recommendations
We suggest the use of bag-mask ventilation rather 
than tracheal intubation or supraglottic airway in the 
management of children during cardiac arrest in the out-
of-hospital setting (weak recommendation, very low–
certainty evidence).

There is insufficient quality evidence to support any 
recommendation for or against the use of the bag-mask 
ventilation compared with tracheal intubation or supra-
glottic airway for in-hospital cardiac arrest.

The main goal of cardiopulmonary resuscitation 
is effective ventilation and oxygenation, by whatever 
means, without compromising the quality of chest com-
pressions. We suggest that clinicians consider transi-
tioning to an advanced airway intervention (supraglottic 
airway or tracheal intubation) when the team has suf-
ficient expertise, resources, and equipment to enable 
placement to occur with minimal interruptions to chest 
compressions or when bag-valve-mask is not providing 
adequate oxygenation and ventilation (good practice 
statement).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.

•	 Advanced airway interventions, particularly TI, are 
long-established components of the advanced life 
support bundle of care in children. As a result of 
inherent limitations in their design and data sources, 
the available studies, though individually well con-
ducted, can provide only very low–certainty evi-
dence about whether attempting advanced airway 
placement before ROSC improves resuscitation 
outcomes.

•	 Most of the available data were obtained from regis-
tries, and an unknown proportion of events labeled 
as BMV resuscitation may have had failed intuba-
tion or SGA attempts (which would bias against 
BMV). Conversely, most of the included studies 
are susceptible to resuscitation-time bias, that is, 
the longer the child is in cardiac arrest, the more 
likely they will receive interventions but the less 
likely they will survive (which should bias against 
TI/SGA).

•	 The best available data show no benefit from these 
advanced airway interventions, and some suggest 
association with harm, for the critical outcomes of 
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survival with favorable neurological outcome and 
survival to hospital discharge.

•	 Effective BMV, TI, and SGA are difficult skills that 
require initial training, retraining, and quality assur-
ance to be done consistently, safely, and effectively. 
Pediatric advanced airway programs require a mod-
erate investment in equipment and a significant 
investment in training, skills maintenance, and qual-
ity control programs to be successful.

•	 The decision on choice of airway management 
technique in the setting of pediatric cardiac arrest 
is complex because the benefit or harm may dif-
fer depending on setting, age of the child, cause 
of arrest, and experience of the resuscitation 
team. Importantly, the available data do not inform 
the questions of whether better outcomes might 
be achieved by different airway strategies in long 
transport times or in prolonged resuscitation situ-
ations with highly experienced airway operators. 
The analyzed data are only relevant to advanced 
airway interventions during CPR and do not pertain 

to airway management in other critical situations or 
once ROSC is achieved.

Knowledge Gaps
•	 Prehospital, emergency department-based, and 

in-hospital studies comparing TI, SGA, and BMV 
with planned subgroup analyses based on patient 
age and pathogenesis of arrest (trauma versus 
nontrauma)

•	 The benefit of advanced airway interventions in par-
ticular settings (including in patients with poor pul-
monary compliance and long transport times)

•	 The efficacy and speed of placement of advanced 
airways using newer technologies, such as video-
assisted laryngoscopy (compared with regular 
laryngoscopy)

•	 Studies including measures of quality of ventilation 
(and cardiac metrics), timing of airway interven-
tion, duration of CPR, and measures of the train-
ing and experience of the clinicians performing the 
interventions

Table 16.  Summative Results of Studies Used in the Pediatric Airway SysRev for Each Comparison, Grouped by Outcome

Outcomes (importance)
Participants, n (studies, n/
study type)

Certainty of 
evidence, GRADE RR (95% CI)

Absolute risk with 
comparator ARD with intervention

TI (I) compared with BMV (C)

�Survival with favorable 
neurologic outcome (critical)

591 (1 RCT)411 Low 0.69 (0.32–1.52) 50/1000 15 fewer per 1000 (from 
34 fewer to 26 more)

4093 (5 propensity-matched 
observational studies)412–416

Very low 0.54 (0.29–1.00) 146/1000 67 fewer per 1000 (from 
104 fewer to 0 fewer)

372 (2 observational 
studies)420,425

Very low 0.76 (0.61–0.95) 544/1000 131 fewer per 1000 (from 
212 fewer to 27 fewer)

�Survival to hospital  
discharge (critical)

591 (1 RCT)411 Low 1.04 (0.60–1.79) 80/1000 3 more per 1000 (from 32 
fewer to 63 more)

4393 (5 propensity-matched 
observational studies)412–416

Very low 0.72 (0.48–1.07) 262/1000 73 fewer per 1000 (from 
136 fewer to 18 more)

7392 (8 observational 
studies)417–419,421–425

Very low 0.85 (0.40–1.78) 196/1000 29 fewer per 1000 (from 
118 fewer to 153 more)

SGA (I) compared with BMV (C)

�Survival with favorable 
neurologic outcome (critical)

3123 (4 propensity-matched 
observational)413–416

Very low 0.57 (0.26–1.23) 76/1000 33 fewer per 1000 (from 
56 fewer to 18 more)

�Survival to hospital  
discharge (critical)

3123 (4 propensity-matched 
observational studies)413–416

Very low 0.89 (0.54–1.46) 126/1000 14 fewer per 1000 (from 
58 fewer to 58 more)

3085 (2 observational 
studies)417,423

Very low 0.53 (0.21–1.34) 90/1000 43 fewer per 1000 (from 
71 fewer to 31 more)

TI (I) compared with SGA (C)

�Survival with favorable 
neurologic outcome (critical)

1514 (3 propensity-matched 
observational studies)413,414,431

Very low 0.80 (0.44–1.43) 40/1000 8 fewer per 1000 (from 23 
fewer to 17 more)

452 (1 observational

studies)416

Very low 2.75 (0.67–11.27) 13/1000 24 more per 1000 (from 4 
fewer to 138 more)

�Survival to hospital  
discharge (critical)

1514 (3 propensity-matched 
observational studies)413,414,431

Very low 0.80 (0.55–1.15) 126/1000 25 fewer per 1000 (from 
57 fewer to 19 more)

1007 (3 observational 
studies)416,417,423

Very low 1.35 (0.82–2.22) 67/1000 24 more per 1000 (from 
12 fewer to 82 more)

ARD indicates absolute risk difference; BMV, bag-mask ventilation; C, comparator; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; 
I, intervention; RCT, randomized controlled trial; RR, risk ratio; SGA, supraglottic airway; SysRev, systematic review; and TI, tracheal intubation.
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Ventilation Rates in Pediatric CPR With an 
Advanced Airway (PLS 4120-02: SysRevs)
Rationale for Review
Ventilation is a major component of CPR for children and 
infants in cardiac arrest. During CPR, an adequate ven-
tilation rate is an important element of ventilation.432,433 
However, the appropriate ventilatory rate for children and 
infants during CPR remains a topic of ongoing debate and 
investigation.434 In 2010, the PLS Task Force reviewed the 
evidence about optimal minute ventilation (product of tidal 
volume and respiratory rate per minute) after the place-
ment of an advanced airway during CPR in infants or chil-
dren.432 The minute ventilation recommended in the 2010 
CoSTR was based on expert consensus. In 2020, an EvUp 
was completed to identify any evidence published after 
2010 that might indicate the need for a new SysRev. The 
EvUp identified a single-center observational article that 
reported an association between ventilatory rate during 
IHCA >12 to 20 breaths per minute and improved out-
comes.435 Since this EvUp, the task force was aware of 
new evidence that led the task force to conduct a SysRev 
(PROSPERO registration CRD42023480925). The full 
CoSTR can be found online.436

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Infants and children (excluding new-
born infants) with OHCA or IHCA and an advanced 
airway

•	 Intervention: Use of any specific ventilatory rate
•	 Comparator: Use of a ventilatory rate of 8 to 10 

breaths per minute
•	 Outcome:

-	 Critical: Survival with favorable neurological out-
come as per Pediatric Core Outcome Set for Car-
diac Arrest386

•	 Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, confer-
ence abstracts, trial protocols) were excluded. All 
relevant publications in any language were included 
if there was an English abstract.

•	 Time frame: Literature search includes all years up 
to June 1, 2023.

Consensus on Science
No studies were identified that compared the ventilatory 
rate of 8 to 10 breaths per minute with any other specific 
ventilatory rate.

Prior Treatment Recommendations (2020)
After placement of a secure airway, avoid hyperventi-
lation of infants and children during resuscitation from 
cardiac arrest, whether asphyxial or arrhythmic in origin. 
A reduction in minute ventilation to less than baseline 

for age is reasonable to provide sufficient ventilation to 
maintain adequate ventilation-to-perfusion ratio during 
CPR while avoiding the harmful effects of hyperventila-
tion. There are insufficient data to identify the optimal 
tidal volume or respiratory rate.435

2024 Treatment Recommendations
There is currently no supporting evidence to make a 
treatment recommendation on a specific ventilatory rate 
in pediatric cardiopulmonary resuscitation with an ad-
vanced airway.

For cardiac arrest that occurs with an advanced air-
way in place, the use of ventilatory rates >10 breaths 
per minute may be reasonable. The PLS Task Force 
suggests using ventilatory rates close to age-appropriate 
respiratory rates with avoidance of hypoventilation and 
hyperventilation (good practice statement).

Justification and Evidence-to-Decision Framework 
Highlights

•	 The PLS Task Force discussed that no study met 
inclusion in this SysRev because none specifically 
addressed the ventilation rate comparison of 8 to 
10 breaths per minute that had been defined in the 
PICOST.

•	 The PLS Task Force discussed that the previous 
treatment recommendations of ventilation rates of 
10 breaths per minute during cardiac arrest were 
derived from adult data. More recent adult studies 
suggest that ventilation rates of 10 breaths per min-
ute during cardiac arrest were not associated with 
improved outcomes in adults. A ventilation rate of 
10 breaths per minute could cause hypoventilation 
in infants and children, and no pediatric data to sup-
port this ventilation rate were identified.

Knowledge Gaps
•	 The optimal ventilation rate during continuous chest 

compressions in children with an advanced airway
•	 The optimal minute ventilation and other ventilation 

measurements, including peak pressure, positive 
end-expiratory pressure, capnography, and blood 
gas analysis and their impact on oxygenation and 
ventilation during CPR

•	 The influence of hypocarbia and hypercarbia on 
outcomes

•	 The optimal ventilation rate according to cardiac 
arrest pathogenesis

Management of Pulmonary Hypertension With 
Cardiac Arrest in Infants and Children in the 
Hospital Setting (PLS 4160-11: ScopRev)
Rationale for Review
This topic, with a new PICOST, was chosen by the PLS 
Task Force with input from the Neonatal Life Support 
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Task Force because of the concern that children with 
pulmonary hypertension who are hospitalized are report-
ed to be at higher risk of death after a cardiopulmonary 
arrest.437

In 2015, the American Heart Association and the 
American Thoracic Society published a guideline on the 
management of pediatric pulmonary hypertension.438 
In 2018, the American Heart Association published a 
statement on the management of CPR in infants and 
children with cardiac disease that included a section on 
pulmonary hypertension.439 In 2018, the American Heart 
Association published a statement on right-sided heart 
failure and its management, but this statement focused 
on adults and did not include content for children.440 The 
2019 ILCOR EvUps provided guidance on the acute 
treatment of pulmonary hypertension.

Faced with these children at high risk of cardiopul-
monary arrest, we formulated the new PICOST and con-
ducted a ScopRev to better understand if evidence for 
new specific therapies to treat cardiopulmonary arrest 
had been published. The full report of this ScopRev can 
be found online.441

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Infants and children with pulmonary 
hypertension at high risk of pulmonary hypertensive 
crises with a cardiac arrest in the in-hospital setting, 
including postoperatively

•	 Intervention: Specific management strategies 
included (1) respiratory management and monitor-
ing to avoid hypoxia and acidosis; (2) use of opioids, 
sedatives, and neuromuscular blocking agents; and 
(3) pulmonary arterial hypertension–specific targeted 
therapy, like (a) phosphodiesterase-5 inhibitors, endo-
thelin receptor antagonists, inhaled pulmonary vasodi-
lators (eg, inhaled nitric oxide or prostaglandin) or (b) 
drugs that enhance the nitric oxide–cyclic guanosine 
monophosphate biological pathway (eg, sildenafil, 
tadalafil, or riociguat), prostacyclin pathway agonists 
(eg, epoprostenol or treprostinil), or endothelin path-
way antagonists (eg, bosentan or ambrisentan).

•	 Comparator: Standard care without specific man-
agement strategies for pulmonary hypertensive 
crisis

•	 Outcome
-	 Critical: All, including survival to hospital discharge 

with favorable neurological outcome and survival 
to hospital discharge

•	 Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) and case 
series with >5 cases were included. Gray litera-
ture, social media, and non–peer-reviewed stud-
ies, unpublished studies, and conference abstracts 
were excluded. Trial protocols were eligible if they 

informed the question. All languages were included 
if there was an English abstract.

•	 Time frame: The literature search was completed, and 
the selection focused on the most recent decade: 
from January 1, 2012, to December 22, 2023

Summary of Evidence
We included 19 studies in the ScopRev; 16 provided foun-
dational background literature on the acute management 
of children with pulmonary hypertension,437–439,442–454 and 
3 presented data on the management of cardiac arrest 
in children with pulmonary hypertension.455–457 Most did 
not report patient-level data in children with pulmonary 
hypertension and cardiac arrest. These articles collec-
tively highlight the increased risk of death in children with 
pulmonary hypertension and the results of recent interna-
tional efforts in establishing a pediatric pulmonary hyper-
tension classification to support future international and 
multisite research and general therapeutic management.

Definition and Classification of Pediatric Pulmonary 
Hypertension
During the 6th World Symposium on Pulmonary Hy-
pertension, the hemodynamic definition for pulmonary 
hypertension in children was aligned with the adult defi-
nition as a mean pulmonary artery pressure of >20 mm 
Hg458–460 from being previously ≥25 mm Hg.438 Five large 
clinical groups were updated: (1) pulmonary arterial hy-
pertension, which includes pulmonary hypertension as-
sociated with congenital heart disease and persistent 
pulmonary hypertension of the newborn syndrome (the 
most frequent cause of transient pulmonary hyperten-
sion)459; (2) pulmonary hypertension due to left heart dis-
ease; (3) pulmonary hypertension owing to lung diseases 
and or hypoxia; (4) pulmonary hypertension due to pul-
monary artery obstructions; and (5) pulmonary hyperten-
sion with unclear multifactorial mechanism.

Risk of Death and Intensive Care Hospitalizations
To promote the study of children with pulmonary hyper-
tension, the term clinical worsening is emerging as a 
meaningful composite endpoint for interventional trials. 
In a recent multicenter study from the Pediatric Cardiac 
Critical Care Consortium from 2014 to 2019, the risk of 
death for children with pulmonary hypertension was higher 
compared with all other medical cardiac admissions (10% 
versus 3.9%). Importantly, 6.1% of these admissions with 
pulmonary hypertension experienced a CPR event. Among 
this cohort, the receipt of mechanical ventilation and vaso-
active therapies within the first 2 days of ICU admission 
were associated with increased mortality.447

A study using the Virtual Pediatric Intensive Care Unit 
database included over 160 ICUs, focused on children 
with an IHCA, and compared patients with and without 
pulmonary hypertension. Using propensity matching, the 
study showed that patients with pulmonary hypertension 
were less likely to survive to hospital discharge (adjusted 
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OR, 0.83 [95% CI, 0.72–0.95; P=0.01]). The pulmo-
nary hypertension group with an IHCA had a predicted 
survival rate of 59.1% (56.5%–61.8%) compared with 
61.6% (60.0%–63.2%) in the group without pulmonary 
hypertension with an IHCA.437

More recently, an analysis of 1129 pediatric IHCA 
events from the prospective multicenter ICU-RESUS 
study (Improving Outcomes from Pediatric Cardiac 
Arrest—the ICU-Resuscitation Project), where 16% of 
children had preexisting pulmonary hypertension, con-
cluded that prearrest pulmonary hypertension was not 
associated with statistically significant differences in sur-
vival or intra-arrest physiologic measures.461

ECLS Technologies, Extracorporeal Membrane 
Oxygenation, and Pediatric Pulmonary Hypertension
Before a cardiac arrest, extracorporeal membrane oxy-
genation (ECMO) may be used to stabilize infants with 
persistent pulmonary hypertension of the newborn or 
congenital diaphragmatic hernia or in the postoperative 
period of congenital heart disease when inhaled nitric 
oxide and mechanical ventilation with general measures 
are insufficient.438

Pulmonary Hypertensive–Specific Therapies and 
Interventions for the Treatment of Cardiac Arrest
Only 3 articles presented data on the management of 
cardiac arrest in children with pulmonary hypertension 
(Table 17).455–457 Two of these studies included ECMO 
cannulation as intervention.455,457

Task Force Insights
General approaches to improving cardiopulmonary physi-
ology in the context of a pulmonary hypertension crisis or 
cardiac arrest are important. Children hospitalized with 
pulmonary hypertension are at higher risk of cardiac  

arrest than other children. The next steps should focus on 
generating original evidence in pulmonary hypertension 
disease groups characterized using contemporary clas-
sification systems and definitions. This disease remains 
relatively rare, which suggests that future research will 
require multicenter studies or large registry-based com-
parative studies to better understand the value of one 
intervention over another for treatment of cardiac arrest.

The PLS Task Force discussed the importance of 
using the classification of 5 groups and diagnoses 
detailed in the most recent international guidelines on 
pediatric pulmonary hypertension when studying the risk 
of cardiopulmonary arrest or interventions to treat cardio-
pulmonary arrest.438,460,462

Good Practice Statements
In children, including neonates, with pulmonary hyper-
tension hospitalized for a clinical worsening event, we 
propose avoiding factors that may increase pulmonary 
vascular resistance while treating the aggravating condi-
tion to decrease the risk of cardiac arrest. Management 
strategies include avoiding hypoxia; hypercapnia; aci-
dosis; stressors, such as pain, agitation, dehydration, or 
fluid overload; anemia; infection; or arrhythmias. Pulmo-
nary hypertension–specific treatments (eg, inhaled nitric 
oxide, L-arginine, phosphodiesterase inhibitors [eg, mil-
rinone, sildenafil], or endothelin-1 inhibitors [eg, bosen-
tan]) may be considered (good practice statement).

In children who develop signs of pulmonary hyperten-
sive crisis, low cardiac output, or right ventricular failure 
despite optimal medical therapy, ECMO may be consid-
ered before cardiac arrest or for refractory cardiac arrest 
(ie, ECPR) as a bridge to recovery or as a bridge to the 
evaluation for organ replacement and transplantation in 
very select cases (good practice statement).

Table 17.  Reports of Studies Including Patient-Level Data With Pulmonary Hypertension and Cardiac Arrest

Study, y

Country, 
study 
design

Population 
included Age group Exclusion criteria

Patients 
analyzed, n 
(events, N)

Total patients 
with PH and 
CA

Treatment 
exposure

Overall study 
sample 
survival (%)

Survival in 
patients with 
PH and CA (%)

Boudjemline 
et al, 2017455

France, case 
series

Drug- 
resistant 
PAH who 
underwent 
Potts shunt

5.9–17.9 y Not described 6 2 ECMO 
provided to 
cardiac arrest 
events

4/6 (67%) 0/2 (0%)

Morell et al, 
2020457

United 
States, ret-
rospective 
multicenter 
registry study

Cannulated 
to ECMO 
with previ-
ous PH

28 d to 
18 y

<28 d 605 (634 
ECMO 
runs)

106 (ECPR) PH with 
ECMO

48.70% ECPR survival 
(27.4%)

Li et al, 
2022456

China, ret-
rospective 
single-center 
study

PAH who 
underwent 
RHC

<18 y Cardiac shunts or 
other complex con-
genital heart disease 
patients with left 
heart disease, lung 
disease, and other 
types of PH

147 (163 
RHC)

5 PH with RHC 146/147 
(99.3%)

4/5 (80%)

CA indicates cardiac arrest; ECMO, extracorporeal membrane oxygenation; ECPR, extracorporeal cardiopulmonary resuscitation; PAH, pulmonary arterial hyperten-
sion; PH, pulmonary hypertension; and RHC, right heart catheterization.
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Knowledge Gaps
•	 Specific resuscitation management approaches for 

infants or children with pulmonary hypertension at 
high risk of cardiopulmonary arrest during cardiac 
arrest and after resuscitation

•	 Optimal approaches to mechanical ventilation during 
the resuscitation of children with pulmonary hyperten-
sion (eg, timing of the advanced airway; the use of oxy-
gen therapy in cyanotic and noncyanotic heart disease 
or in the context of an atrial septostomy; the use of 
positive end-expiratory pressure, of peak inspiratory 
pressure, of minute ventilation [normal ventilation or 
hyperventilation], or of inhaled nitric oxide; or modes of 
mechanical ventilation during the post–cardiac arrest 
care period to best support the right and left ventricles 
and minimize harmful cardiopulmonary interactions)

•	 The dose or type of inotrope or vasopressor that 
could be delivered during a cardiopulmonary arrest 
event and the physiologic endpoints to target during 
the intra-arrest period, such as the optimal target in 
end-tidal capnography value

•	 Whether children with pulmonary hypertension 
with known right heart catheterization data should 
receive personalized resuscitation measures instead 
of standard measures

•	 The timing of transitioning from high-quality CPR to 
extracorporeal CPR in pediatric patients with severe 
pulmonary hypertension (eg, pulmonary hyper-
tension listed for lung transplantation, pulmonary 
hypertension after atrial septostomy)463

•	 Optimal diagnostic and severity classification systems 
to improve knowledge of pediatric pulmonary hyper-
tension patients who suffer cardiopulmonary arrest462

•	 Risk factors for cardiac arrest in children with pul-
monary hypertension in the context of (1) anes-
thesia (for diagnostic catheterization or for other 
procedures), (2) postoperative period,447 (3) hos-
pitalizations with deteriorations associated with 
clinical worsening events.464 We propose adding 
“cardiopulmonary arrest events” as a study variable 
among clinical worsening endpoints in longitudinal 
epidemiological registries; this would serve as a first 
step to measure the burden of this problem.

PLS Topics Reviewed by EvUps
Topics reviewed by EvUps are summarized in Table 18. 
Complete EvUps can be found in Appendix B.

NEONATAL LIFE SUPPORT
Cord Management at Birth for Preterm Infants 
(NLS 5051: SysRev)
Rationale for Review
Adaptation to air breathing immediately after birth requires 
that several critical interdependent physiologic events 

occur rapidly.468 Air breathing reduces pulmonary vascu-
lar resistance, which increases pulmonary blood flow. If 
the umbilical cord is clamped immediately, the increased 
pulmonary flow is initially from the aorta through the duc-
tus arteriosus. If cord clamping occurs after the onset of 
breathing, the increased pulmonary blood flow can come 
from the placenta through the umbilical vein and ductus ve-
nosus, thereby maintaining left ventricular filling and output 
(vital for coronary and cerebral perfusion).469 Both milking 
the intact (not clamped or cut) umbilical cord and milking 
a long segment of clamped and cut cord have been pro-
posed as alternatives to deferring clamping of the umbili-
cal cord. Decisions about umbilical cord management can 
critically influence the cardiorespiratory adaptation after 
birth,470,471 how and when other resuscitation interventions 
are provided, and mortality during subsequent hospitaliza-
tion, particularly among preterm infants.472

The topic was last reviewed in by ILCOR in 2021.473,474 
Since then, additional RCTs have been completed and 
compiled into a very large pairwise individual patient data 
(IPD) meta-analysis and network meta-analysis (NMA), 
the iCOMP (Individual Participant Data on Cord Manage-
ment at Preterm Birth) study,475 which provided higher-
certainty evidence for various methods of umbilical cord 
management than could have been achieved with study-
level meta-analysis alone.472,476 The Neonatal Life Support 
Task Force used the process of adolopment to appraise 
this evidence and develop updated treatment recom-
mendations.477 Task force members and content experts 
overlapped with the iCOMP study team, but assessment 
of suitability of the iCOMP analyses for adolopment was 
assessed by task force members and content experts 
who had no conflict of interest. The IPD meta-analysis is 
presented first and then the NMA, because the PICOST 
structure differs. The pairwise IPD meta-analysis was 
used for subgroup analyses, and the NMA was used for 
multiple between-intervention comparisons.

The iCOMP SysRev was registered before initiation 
(PROSPERO registration CRD42019136640). The full 
online CoSTR can be found on the ILCOR website.477

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame
Individual Patient Data Pairwise Meta-Analysis

•	 Population: Preterm infants born at <37+0 weeks’ 
gestation and their mothers472,475

•	 Interventions:
–	 Deferred (delayed/later) cord clamping (>15 

seconds)
–	 Umbilical cord milking (cord milking or stripping 

immediately after birth or after deferred cord 
clamping)

•	 Comparators:
–	 Immediate (early) cord clamping (≤15 seconds or as 

defined by the trialist) without cord milking and with-
out initiation of respiratory support for any reason

–	 Between-intervention comparisons
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•	 Outcomes:
–	 Infant outcomes (importance assigned by task 

force consensus, in accordance with available 
guidelines478,479):
◾	Mortality before hospital discharge (critical)
◾	Major inpatient morbidities (including intraven-

tricular hemorrhage), necrotizing enterocolitis, 
retinopathy of prematurity, bronchopulmonary 
dysplasia) for preterm infants <32 weeks’ ges-
tation (critical)

◾	Neurodevelopmental outcomes (critical)
◾	Resuscitation and stabilization interventions 

(eg, receiving positive pressure ventilation, in-
tubation, chest compressions, medications; im-
portant)

◾	Blood transfusion (important)
◾	Hematologic and cardiovascular status (in-

hospital; important)
◾	Hematologic status (in infancy; important)
◾	Hyperbilirubinemia treated with phototherapy 

(important)
–	 Maternal outcomes

◾	Mortality (critical)
◾	Maternal complications (postpartum hemor-

rhage and infection; critical)
•	 Study designs: iCOMP included RCTs comparing 

umbilical cord management strategies but excluded 

trials with missing data, integrity issues, those not 
fitting intervention categories, and cluster- and 
quasi-randomized trials.475 ILCOR systematic 
reviews typically exclude unpublished studies (eg, 
conference abstracts, trial protocols), while the 
iCOMP analysis includes such studies. However, 
the iCOMP study “…conducted extensive data pro-
cessing, quality, and integrity checks of all included 
data,”472 ensuring a level of integrity not usually avail-
able for unpublished data. Given these measures, 
the reduced publication bias from including unpub-
lished studies was considered advantageous.480 All 
languages were included.

•	 Time frame: All years were included. Medical 
databases, including MEDLINE, Embase, and 
CENTRAL, and clinical trial registries, includ-
ing ClinicalTrials.gov, were originally searched up 
to February 2022 and WHO International Clinical 
Trials Registry Platform up to March 2022. The 
search was updated on June 6, 2023, and no addi-
tional eligible studies were identified.472

Consensus on Science
Comparison 1: Deferred Cord Clamping Compared With 
Immediate Cord Clamping
The pairwise IPD meta-analysis472 identified 21 eli-
gible studies including 3292 infants.481–499 The median 

Table 18.  Summary of Pediatric Life Support Evidence Updates

Topic/PICO
Year last 
updated

Existing treatment 
recommendation

RCTs 
since last 
review

Observational 
studies since 
last review Key findings

Sufficient data 
to warrant 
SysRev?

Prearrest care of the 
infant or child with 
dilated cardiomyopa-
thy or myocarditis

(PLS 4.030.19)

2020 2020 unchanged 
from 2015:

The confidence in 
effect estimates 
is so low that the 
panel decided a 
specific recom-
mendation was too 
speculative.

0 3 3 observational studies indirectly evaluated prearrest 
stabilization and intubation in patients with dilated car-
diomyopathy or myocarditis.465–467

Key findings: (1) Use of ketamine was associated 
with fewer adverse events (aOR, 0.74; 95% CI, 
0.58–0.95).465 (2) Given the high risk of cardiac arrest 
in children with acute myocarditis who demonstrate 
high-risk ECG changes (arrhythmias, heart block, ST 
segment changes) or low cardiac output, there should 
be early transfer to higher level of care for monitoring 
and therapy. (3) Where resources permit, prearrest use 
of ECLS may be beneficial. (4) Where resources permit, 
if cardiac arrest occurs, ECPR may be beneficial.

No

Ventilation rate when 
a perfusing rhythm 
is present (PLS 
4.120.01)

2020 None 0 0 There was a SysRev in 2020 including 6 pediatric 
observational studies that examined oxygenation and 
ventilation targets, but not ventilation rate, after cardiac 
arrest.231

For oxygenation, there was no association between 
hyperoxia and survival to hospital discharge or survival 
with favorable neurological outcome. For carbon dioxide 
levels, a single observational study rated as having less 
than critical risk of bias found both hypocapnia (OR, 
2.71; 95% CI, 1.04–7.05) and hypercapnia (OR, 3.27; 
95% CI, 1.62–6.61) to be associated with worse sur-
vival to hospital discharge compared with normocapnia.

There remains insufficient evidence to make a recom-
mendation on ventilation rates when a perfusing rhythm 
is present.

No

aOR indicates adjusted odds ratio; ECG, electrocardiogram; ECLS, extracorporeal life support; ECPR, extracorporeal cardiopulmonary resuscitation; EvUps, evidence 
updates; PICO, population, intervention, comparator, outcome; RCTs, randomized controlled trials; SysRev, systematic review; and TR, treatment recommendation.D
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study sample size was 65 (IQR, 40–101). The median 
(IQR) gestational age at birth was 29 (27–33) weeks. 
Deferred cord clamping ranged from 30 to ≥180 sec-
onds (some trials encouraging deferrals up to 5 minutes 
where feasible). For immediate cord clamping, most tri-
als (14/21) specified clamping within 10 seconds. Of all 
infants, 61% were born by cesarean delivery 25% were 
multiples, and 56% were male. Trials were conducted 
in high-income (9/21), upper-middle-income (5/21), 
and lower-middle-income (7/21) countries as defined 
by World Bank country classification.500 For this review, 
we present odds ratios, aligning with the iCOMP statisti-
cal analysis plan.472,475,476 Key results are summarized in 
Table 19.

For the subgroup of infants <32 weeks’ gestation 
allocated to deferred cord clamping, higher hematocrit 
values were also demonstrated (moderate-certainty evi-
dence). For the subgroup of infants ≥32 weeks’ gestation 
allocated to deferred cord clamping, Hb and hemato-
crit values were also probably higher (low-certainty to 
moderate-certainty evidence). For other critical and 
important infant and maternal outcomes, clinical benefit 
or harm could not be determined.

Comparison 2: Umbilical Cord Milking Compared With 
Immediate Cord Clamping
The pairwise IPD meta-analysis472 identified 18 trials 
including 1565 infants.485,487,492,502–516 The median study 
sample size was 60 (IQR, 45–122). The median gesta-
tional age at birth was 29 (IQR, 27–31) weeks. The cord 
was milked intact 2 to 4 times in 12 trials (866 infants), 
whereas in 4 trials (340 infants) the cut cord was milked 

once, and in 2 trials (359 infants) there was a delay be-
fore intact-cord milking. Of all infants, 64% were born by 
cesarean delivery, 13% were multiples, and 56% were 
male. Trials were conducted in high-income (10/18), 
upper-middle-income (4/18), and lower-middle-income 
(4/18) countries. Key results are presented in Table 20.

For the subgroup of infants <32 weeks’ gestation 
receiving umbilical cord milking, hematocrit values were 
also possibly higher (low-certainty evidence). For the sub-
group of infants ≥32 weeks’ gestation receiving umbili-
cal cord milking, hemoglobin and hematocrit values were 
possibly higher, and body temperatures on admission 
were possibly lower (very low–certainty evidence) while 
red cell transfusions were possibly reduced (low-certainty 
evidence). For all other critical and important infant and 
maternal outcomes (for all included infants or either sub-
group), clinical benefit or harm could not be determined.

Comparison 3: Umbilical Cord Milking Compared With 
Deferred Cord Clamping
The pairwise IPD meta-analysis472 identified 15 trials 
including 1655 infants.485,487,492,517–528 The median study 
sample size was 44 (IQR, 36–171). The median ges-
tational age at birth was 30 (IQR, 28–33) weeks. The 
intact cord was milked 2 to 4 times in 14 studies in-
cluding 1649 infants and once in 1 study including 6 in-
fants. Deferral times in the deferred cord clamping group 
ranged from 30 to 120 seconds. Of all infants, 64% were 
born by cesarean delivery, 15% were multiples, and 54% 
were male. Trials were conducted in high-income (8/15), 
upper-middle-income (3/15), and lower-middle-income 
(4/15) countries. Results are summarized in Table 21.

Table 19.  Comparison 1: Deferred Umbilical Cord Clamping Compared With Immediate Cord Clamping

Outcomes  
(importance) Participants (studies)

Certainty of 
the evidence 
(GRADE)

OR (95% 
CI)

Anticipated absolute effect

Risk or mean 
concentration (±SD) 
with ICC

RD (CI) or MD (CI) with 
DCC; NNTB or NNTH, if 
applicable

Mortality before 
hospital discharge 
(critical)

3263

(20 RCTs)481–499,501

High 0.68  
(0.51–0.91)

81/1000 25 fewer infants died per 
1000 (38–7 fewer);

NNTB, 40 (26–143) infants

Hemoglobin con-
centration (g/dL) for 
infants <32 weeks’ 
gestation (impor-
tant)

523

(8 RCTs)482,485–488,495,498,499

Moderate NA 16 (±2) g/dL 0.88 (0.52–1.24) g/dL

Red cell transfu-
sion for infants <32 
weeks’ gestation 
(important)

1929

(13 RCTs)482,484–486,488,489,491,493,495,496,498,499,501

Moderate 0.59  
(0.47–0.73)

571/1000 131 fewer infants received 
red cell transfusion per 1000 
(186 fewer–78 fewer);

NNTB, 7 (6–13) infants

Hypothermia on ad-
mission to NICU for 
infants <32 weeks’ 
gestation (adverse 
effect: important)

1995

(8 RCTs)484–486,493,495,498,499,501

Moderate 1.28  
(1.06–1.56)

449/1000 62 more infants were hy-
pothermic per 1000 (14 
more–111 more);

NNTH, 16 (9–71) infants

DCC indicates deferred cord clamping; GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; ICC, immediate cord clamping; MD, mean 
difference; NA, not applicable; NICU, neonatal intensive care unit; NNTB, number needed to treat to benefit; NNTH, number needed to treat to harm; OR, odds ratio; RCT, 
randomized controlled trial; and RD, risk difference.
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For all other critical and important infant and maternal 
outcomes, clinical benefit or harm could not be determined.

Subgroup analyses. For all 3 comparisons, subgroup 
analyses by gestational age at birth, multiple versus single-
ton birth, caesarean section versus vaginal birth, study start 
year, perinatal mortality rate of country where study was 
conducted, and sex of infant did not influence the effect 
on mortality (very low–certainty to low-certainty evidence).

Individual Patient Data Network Meta-Analysis
•	 Population: Preterm infants born at <37+0 weeks’ 

gestation and their mothers.
•	 Interventions:

–	 Immediate (early) cord clamping at ≤15 seconds, 
without cord milking or initiation of respiratory 
support or as defined by the trialist

–	 Short deferral of cord clamping for >15 seconds 
to <45 seconds without milking, with or without 
respiratory support

–	 Medium deferral of cord clamping for ≥45 to 
<120 seconds without milking, with or without 
respiratory support

–	 Long deferral of cord clamping for ≥120 seconds 
without milking, with or without respiratory sup-
port

–	 Intact cord milking immediately after birth (with 
the umbilical cord attached to the placenta)

•	 Comparisons: Between-intervention comparisons
•	 Outcomes:

–	 Mortality before hospital discharge (critical)
–	 Intraventricular hemorrhage (critical)
–	 Blood transfusion (important)

•	 Study design: As for the pairwise IPD meta-
analysis,472 RCTs comparing umbilical cord 
management strategies at preterm birth were 
included. Interventions were grouped into the fol-
lowing nodes: immediate clamping, short defer-
ral, medium deferral, long deferral, and intact cord 
milking.476

Table 20.  Comparison 2: Umbilical Cord Milking Compared With Immediate Cord Clamping

Outcomes  
(importance) Participants (studies)

Certainty of 
the evidence 
(GRADE) OR (95% CI)

Anticipated absolute effect

Risk or weighted mean 
concentration (±SD) 
with ICC

RD (CI) or MD (CI) with UCM; 
NNTB or NNTH, if applicable

Mortality before hospital 
discharge (critical)

1565

(18 RCTs)485,487,492,502–516

Low 0.73 (0.44–1.20) 56/1000 14 fewer infants died per 1000 
(30 fewer–10 more) infants

Hemoglobin concentra-
tion (g/dL) for infants

<32 weeks’ gestation 
(important)

944

(12 RCTs)502,504,506–508,510,512–515

Low NA 15 (±2) g/dL 0.45 (0.17–0.73) g/dL

Red cell transfusion 
for infants <32 weeks’ 
gestation (important)

1163

(15 RCTs)485,502–504,506–516

Moderate 0.69 (0.51–0.93) 443/1000 92 fewer infants received red 
cell transfusion per 1000 (167 
fewer–18 fewer);

NNTB, 11 (6–56) infants

DCC indicates deferred cord clamping; GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; ICC, immediate cord clamping; NA, not 
applicable; NNTB, number needed to treat to benefit; OR, odds ratio; RCT, randomized controlled trial; RD, risk difference; and UCM, umbilical cord milking.

Table 21.  Comparison 3: Umbilical Cord Milking Compared With Deferred Cord Clamping

Outcomes  
(importance) Participants (studies)

Certainty of 
the evidence 
(GRADE) OR (95% CI)

Anticipated absolute effect

Risk or mean 
concentration 
(±SD) with DCC

RD or change with 
UCM; NNTB or NNTH, if 
applicable

Mortality before hospital 
discharge (critical)

1303

(12 RCTs)485,487,492,517,518,520,521,524–526,528,529

Low 0.95 (0.59–1.53) 72/1000 3 fewer infants died per 
1000 (28 fewer–34 more)

Severe IVH in preterm 
infants <32 weeks’ 
gestation (critical)

860

(7 RCTs)485,487,517,518,520,521,528

Low 2.20 (1.13–4.31) 38/1000 42 more infants had severe 
IVH per 1000 (5 more–112 
more); NNTH, 24 (9–200) 
infants

Maternal postpartum 
blood transfusion  
(critical)

653

(4 RCTs)485,517,518,521

Low 2.72 (1.11–6.65) 25/1000 39 more mothers received 
blood transfusion per 1000 
(3 more–118 more);

NNTH, 25 (8–333) mothers

DCC indicates deferred cord clamping; GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; ICC, immediate cord clamping; IVH, in-
traventricular hemorrhage; NNTB, number needed to treat to benefit; NNTH, number needed to treat to harm; OR, odds ratio; RCT, randomized controlled trial; RD, risk 
difference; and UCM, umbilical cord milking.
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•	 Time frame: As for the pairwise IPD meta- 
analysis472,476

Certainty of evidence was assessed using the CINeMA 
framework (Confidence in Network Meta-Analysis), which 
is based on the GRADE framework but is adapted for net-
work meta-analysis.530

Consensus on Science
The NMA476 and the IPD meta-analysis iden-
tified 47 eligible studies including 6094 in‑ 
fants.481–485,487–499,501,502,504–506,508,510,511,516,518–525,528,531–540 
The median study sample size was 60 infants (IQR,  
40–127). The median gestational age at birth was 29.6 
weeks (IQR, 27.6–33.3). Of all infants, 61% were born by 
cesarean delivery, 17% were multiples, and 54% were male. 
The primary outcome was missing for 4 (<0.1%) infants.

Sufficient data were found to include comparisons of 
the following 5 interventions in the NMA:

	1.	 Immediate (early) cord clamping (as soon as pos-
sible or within 15 seconds)

	2.	 Short deferral of cord clamping (≥15 seconds to 
<45 seconds)

	3.	 Medium deferral of cord clamping (≥45 seconds to 
<120 seconds)

	4.	 Long deferral of cord clamping (≥120 seconds)
	5.	 Intact cord milking immediately after birth (milking 

the umbilical cord before the cord was clamped)
For the outcomes of death before discharge, any 

intraventricular hemorrhage, and blood transfusion, the 
number of trials for each comparison ranged from 0 to 8 
and the number of infants varied from 29 to 1993.476 The 
largest number of trials providing data for each outcome 
were for the cord milking compared with immediate cord 
clamping, for cord milking compared with medium defer-
ral of cord clamping, and for immediate cord clamping 
compared with medium deferral of cord clamping. Note 
that in each case, the analysis was by intention to treat. 
Only 70% of the 47 trials reported treatment adher-
ence.476 Key results are presented in Table 22.

For comparisons and outcomes not included in 
Table 22, clinical benefit or harm could not be deter-
mined, and details are provided in the online CoSTR.477

When ranking probabilities were calculated, to prevent 
death before discharge, long deferred cord clamping had 
a 91% probability of being the highest ranked treat-
ment; immediate cord clamping had <1% probability of 
being the best treatment and a 53% probability of being 
the worst treatment; and medium-length deferred cord 
clamping and intact umbilical cord milking had a high 
probability of being second or third best.476

Prior Treatment Recommendations (2021)
In infants born at <34 weeks’ gestational age who do not 
require immediate resuscitation after birth, we suggest 
deferring clamping the cord for at least 30 seconds (weak 
recommendation, moderate-certainty evidence).473,474

In infants born at 28+0 to 33+6 weeks’ gestational 
age who do not require immediate resuscitation after 
birth, we suggest intact-cord milking as a reasonable 
alternative to deferring cord clamping (weak recommen-
dation, moderate-certainty evidence).473,474

We suggest against intact-cord milking for infants 
born at <28 weeks’ gestational age (weak recommen-
dation, very low–certainty evidence).473,474

In infants born at <34 weeks’ gestational age who 
require immediate resuscitation, there is insufficient evi-
dence to make a recommendation with respect to cord 
management.473,474

There is also insufficient evidence to make recom-
mendations on cord management for maternal, fetal, 
or placental conditions that were considered exclusion 
criteria in many studies (in particular, multiple fetuses, 
congenital anomalies, placental abnormalities, alloim-
munization, fetal anemia, fetal compromise, and mater-
nal illness). In these situations, we suggest individualized 
decisions based on severity of the condition and assess-
ment of maternal and neonatal risk (weak recommenda-
tion, very low–certainty evidence).473,474

Table 22.  Network Meta-Analysis of Methods of Umbilical Cord Management

Comparison Participants (studies)
Certainty of the evidence 
(GRADE) OR (95% CI) NNTB

Mortality before hospital discharge (critical)

�Long deferral (≥120 s) vs 
immediate cord clamping

469

(3 RCTs)484,494,541

Moderate 0.31 (0.11–0.80) 18 (4–143)

Red cell transfusion (important)

�Medium deferral vs immediate 
cord clamping

1933

(6 RCTs)483,485,488,498,499,542

Very low 0.45 (0.48–1.39) NA

�Short deferral vs immediate cord 
clamping

383

(5 RCTs)481,482,489,491,501

Moderate 0.44 (0.17–0.90) NA

�Intact cord milking vs  
immediate cord clamping

786

(9 RCTs)502,504,506,508,511,516,535,543,544

Very low 0.56 (0.31–0.97) NA

GRADE indicates Grading of Recommendations, Assessment, Development, and Evaluation; NA, not applicable; NNTB, number needed to treat to benefit; and RCT, 
randomized controlled trial.
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2024 Treatment Recommendations
In preterm infants born at <37 weeks’ gestational age 
who are deemed not to require immediate resuscitation 
at birth, we recommend deferring clamping of the umbili-
cal cord for at least 60 seconds (strong recommenda-
tion, moderate-certainty evidence).

In preterm infants born at 28+0 to 36+6 weeks’ ges-
tational age who do not receive deferred cord clamp-
ing, we suggest umbilical cord milking as a reasonable 
alternative to immediate cord clamping to improve infant 
hematologic outcomes. Individual maternal and infant 
circumstances should be taken into account (conditional 
recommendation, low-certainty evidence).

We suggest against intact cord milking for infants 
born at <28 weeks’ gestation (weak recommendation, 
low-certainty evidence). There is insufficient evidence to 
make a recommendation concerning cut-cord milking in 
this gestational age group.

In preterm infants born at <37 weeks’ gestational age 
who are deemed to require immediate resuscitation at 
birth, there is insufficient evidence to make a recommen-
dation with respect to cord management (weak recom-
mendation, low-certainty evidence).

There is insufficient evidence to make recommenda-
tions on cord management for maternal, fetal, or placen-
tal conditions that were considered exclusion criteria in 
many studies (monochorionic multiple fetuses, congeni-
tal anomalies, placental abnormalities, alloimmunization 
or fetal anemia, fetal compromise, and maternal illness). 
In these situations, we suggest individualized decisions 
based on severity of the condition and assessment of 
maternal and neonatal risk (weak recommendation, very 
low–certainty evidence).

Whenever circumstances allow, the plan for umbilical 
cord management should be discussed between mater-
nity and neonatal clinicians and parents before delivery 
and should take into account individual maternal and 
infant circumstances (good practice statement).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table can be found 
in Appendix A. A table summarizing key points of the 
treatment recommendations is presented in Table S1 in 
Appendix C.

The strong recommendation for deferring cord clamp-
ing for at least 60 seconds in preterm infants <37 weeks’ 
gestation reflects the following considerations:

•	 Evidence for reduced mortality after deferred cord 
clamping compared with immediate cord clamp-
ing was rated high-certainty.472,477 The reduction in 
mortality was robust across several participant-level 
and trial-level subgroups (including gestational age 
at birth, mode of birth, multiple birth, sex, trial year, 
and perinatal mortality rate) and consistent in all 
prespecified sensitivity analyses.

•	 We place high value on the outcome of mortality, 
and this has guided the strong treatment recom-
mendation. The certainty of evidence for other out-
comes varied from low to moderate, and, therefore, 
we concluded that the overall certainty of evidence 
is moderate.

•	 There was moderate-certainty evidence in infants 
<32 weeks’ gestation for fewer red cell transfusions 
and in infants both < and ≥32 weeks’ gestation for 
higher hemoglobin concentrations within the first 
24 hours after birth after deferred cord clamping 
compared with immediate cord clamping.

•	 Sixty seconds or more was chosen as the recom-
mended interval for deferred cord clamping because 
that threshold defined 80% of infants who received 
deferred clamping in the combined studies. The 
evidence for medium (60–119 seconds) or long 
(>120 seconds) deferral of cord clamping is based 
on fewer infants and trials. Moreover, the analysis 
was by intention to treat, many trials did not report 
actual interval from birth to cord clamping, and most 
trials allowed clinicians to clamp the cord when 
considered necessary to perform resuscitation. The 
reported adherence to long delay was lowest at 67% 
(compared with about 80% for medium deferral and 
95% for immediate cord clamping, umbilical cord 
milking, and short deferred cord clamping), so the 
proportion and clinical characteristics of infants who 
benefited from medium or long delay are unclear. 
Furthermore, there were fewer than 121 extremely 
preterm infants in the trials of long delay.493,494

•	 Medium or long delay may be justified for infants 
who are coping well without resuscitation or where 
appropriate newborn stabilization can be provided 
before umbilical cord clamping (skilled team, proper 
training, appropriate equipment, enough space, 
and ability to provide measures to maintain normal 
temperature).

•	 The task force noted that there was moderate-
certainty evidence for the adverse effect of an 
increase in the risk of hypothermia (body temperature 
<36.5 °C) on admission after deferred cord clamping 
compared with immediate cord clamping for infants 
<32 weeks’ gestation. Refer to ILCOR recommen-
dations concerning maintaining normal temperature 
immediately after birth in preterm infants.146

•	 Parents report that deferred cord clamping provides 
a positive experience, with the mothers feeling 
closer and more attached to their infants.545

In making the suggestion to consider umbilical cord 
milking as an alternative to immediate cord clamping in 
infants born at 28+0 to 36+6 weeks’ gestation, the task 
force considered the following:

•	 Low-certainty evidence that umbilical cord milking 
may not reduce the critical outcome of death before 
discharge compared with immediate cord clamping
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•	 Moderate-certainty evidence for reduced red cell 
transfusion after umbilical cord milking compared 
with immediate cord clamping in infants both <32 
weeks’ gestation and ≥32 weeks’ gestation

•	 Low-certainty evidence for higher hemoglobin after 
umbilical cord milking compared with immediate 
cord clamping in infants, both <32 weeks’ gestation 
and ≥32 weeks’ gestation.

•	 No evidence for adverse effects in preterm infants 
<37 weeks’ gestation or their mothers after umbilical 
cord milking compared with immediate cord clamping

•	 No evidence for adverse effects after umbilical 
cord milking compared with deferred cord clamping 
in preterm infants born at 28+0 to 36+6 weeks’ 
gestation

•	 The IPD meta-analyses did not distinguish between 
the 2 methods of cord milking (intact-cord and cut-
cord). The intact cord was milked 2 to 4 times in 
most trials, while a few trials milked the cut cord 
once; therefore, no specific recommendations are 
made for either method.

In making the suggestion against intact umbilical cord 
milking in infants <28 weeks’ gestation, but not in infants 
of higher gestational age, the task force considered the 
following:

•	 Low-certainty evidence for increased severe intra-
ventricular hemorrhage after intact-cord milking 
compared with deferred cord clamping

•	 One trial was stopped early because of increased 
rates of severe intraventricular hemorrhage in the 
prespecified subgroup of preterm infants born at 
<28 weeks’ gestation520

•	 The same RCT has subsequently reported that for 
infants born at 28 to 32 weeks’ gestation there 
was no increase in severe intraventricular hemor-
rhage, mortality, or other adverse clinical outcomes 
after umbilical cord milking compared with deferred 
cord clamping.546 This study was not included in the 
analysis because it was published after the iCOMP 
meta-analysis was completed and the CoSTR devel-
opment process was started.

There was insufficient evidence to make a recommen-
dation concerning cord management of preterm infants 
who are deemed to require resuscitation at birth. This 
conclusion reflected the following:

•	 Adherence to deferred cord clamping was low 
(<75% in those trials reporting adherence), in most 
cases because health care professionals chose 
immediate cord clamping or cord milking in prefer-
ence to deferred cord clamping when they judged 
that the infant required assisted ventilation.472 Some 
studies did not report adherence. Taken together, 
these factors led to a conclusion that the benefits 
and risks of deferred cord clamping remain unclear 
for nonvigorous preterm infants and those who 
require resuscitation at birth.472

•	 The evidence from animal studies and feasibility 
studies in human infants increasingly supports pro-
vision of some resuscitation measures while defer-
ring cord clamping (variously described in studies 
as resuscitation with intact cord, physiologic cord 
clamping, or baby-directed cord clamping). Results 
of studies currently underway that evaluate these 
strategies may lead to changes in recommendations 
in the future, but there was insufficient evidence to 
make a recommendation now.

The suggestion for individualized decision-making 
in the context of maternal, fetal, or placental conditions 
that were exclusion criteria is unchanged from 2021 and 
took into account that similar constraints applied to the 
results of the iCOMP systematic reviews.

In suggesting discussion before birth (whenever pos-
sible) about the plan for umbilical cord management, the 
task force considered that this approach is most likely 
to lead to the best decisions about what plan of cord 
management to use and how to coordinate the steps in 
care of the infant among different care professionals and 
the parents.

Knowledge Gaps
•	 Long-term neurodevelopment and health outcomes 

after different cord management strategies
•	 Effectiveness of optimized cord management as a 

public health strategy to improve child health and 
development

•	 Optimal cord management of preterm infants who 
are not breathing after initial steps of resuscitation

•	 Optimal cord management for preterm infants born 
with specific maternal, fetal, and placental condi-
tions that led to exclusion from RCTs

•	 Optimal measures to prevent hypothermia during 
deferred cord clamping

•	 Optimal duration of deferred cord clamping, and the 
criteria to determine that duration

•	 Circumstances where cut-cord milking represents 
best-available management

•	 Impact of cord management on vertical transmis-
sion of infectious diseases

•	 Widely agreed-upon nomenclature and definition of 
different interventions, including delayed, deferred, 
later, optimal, and physiologic cord clamping as well 
as milking, stripping, intact-cord milking, and cut-
cord milking

Effect of Rewarming Rate on Outcomes 
for Newborns Who are Unintentionally 
Hypothermic After Delivery (NLS 5700: SysRev)
Rationale for Review
Both term and preterm newborn infants are at high risk 
of hypothermia during and immediately after resuscita-
tion in high-, middle-, and low-income countries.547–549 
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Previous large observational studies have found an as-
sociation between hypothermia and neonatal mortality 
and morbidity.550–557 The optimal rate of rewarming for 
unintentionally hypothermic infants has not been de-
fined. Slow rewarming could prolong metabolic demands 
and increase adverse outcomes of hypothermia such as 
apnea, respiratory distress, and hypoglycemia,550,558,559 
but there is a suggestion from a few preclinical and 
clinical studies in other age groups and contexts (such 
as after therapeutic hypothermia) that rapid rewarming 
could be harmful.560 In 2020, the Neonatal Life Sup-
port Task Force undertook an evidence update which 
concluded that there were sufficient new studies to 
consider updating the systematic review.561 The SysRev 
was registered before initiation (PROSPERO registra-
tion CRD42022359005). The full online CoSTR can be 
found on the ILCOR website.562

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Newborn infants who are hypothermic 
(<36.0 ˚C) on admission

•	 Intervention: Rapid rewarming (≥0.5 °C/hour)
•	 Comparators: Slow rewarming (<0.5 °C/hour)
•	 Outcomes (importance assigned by task force con-

sensus, in accord with available guidelines478,479):
–	 Mortality rate (critical)
–	 Neurodevelopmental impairment (critical)
–	 Need for respiratory support during the first 48 

hours of life (important)
–	 Hypoglycemia during the first week of life (impor-

tant)
–	 Convulsions/seizures during hospital stay (im-

portant)
–	 Length of hospital stay (important)
–	 In addition, for preterm infants born at <34 

weeks:
◾	 Intraventricular hemorrhage (all grades—

important; severe [III or IV]—critical)
◾	Periventricular leukomalacia (critical)
◾	Necrotizing enterocolitis (important)

•	 Study designs: RCTs and nonrandomized studies 
(nonrandomized controlled trials, interrupted time 
series, controlled before-and-after studies, cohort 
studies) were eligible for inclusion. Unpublished 
studies (eg, conference abstracts, trial protocols), 
case series, case reports, and animal studies were 
excluded.

•	 Time frame: All years and all languages were 
included if there was an English abstract. The 
search strategy designed for the 2020 evidence 
update was rerun in July 2022 and updated in July 
2023.

Consensus on Science
The review identified 1 RCT of 42 infants comparing 
maximum temperature set points for the servo-controlled 

radiant warmers used for rewarming; rates of rewarm-
ing depended on these set points.563 The study enrolled 
only otherwise well, term newborn infants of normal birth 
weight. The review also identified 2 observational studies 
including a total of 280 infants, one of which included 
only infants born at ≤28 weeks’ gestation or birth weight 
≤1000 g564 while the other enrolled only infants with 
birthweight <1500 grams.565 For the critical outcome of 
mortality, these 2 studies could not exclude benefit or 
harm from rapid rewarming compared with slow rewarm-
ing (RR, 1.09 [95% CI, 0.7–1.71]; absolute risk differ-
ence, 17 fewer deaths per 1000 infants [95% CI, from 
58 fewer–138 more]; low-certainty evidence).564,565

For other critical and important outcomes, either data 
were inconclusive or there were no data.

Prior Treatment Recommendations (2015)
The confidence in effect estimates is so low that a recom-
mendation for either rapid rewarming (0.5 °C/h or great-
er) or slow rewarming (0.5°C/h or less) of unintentionally 
hypothermic newborn infants (temperature <36 °C) at 
hospital admission would be speculative.566

2024 Treatment Recommendations
In newborn infants who are unintentionally hypothermic 
after birth, rewarming should be started, but there is in-
sufficient evidence to recommend either rapid (≥0.5˚C/h) 
or slow (<0.5˚C/h) rates of rewarming.

Regardless of the rewarming rate chosen, a protocol 
for rewarming should be used. Frequent or continuous 
monitoring of temperature should be undertaken, partic-
ularly if using a supraphysiological set temperature point 
to accelerate the rewarming rate, because of the risk of 
causing hyperthermia. In any hypothermic infant, monitor 
blood glucose because there is a risk of hypoglycemia 
(good practice statement).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table can be found 
in Appendix A.

•	 Although hypothermia after birth is associated with 
increased mortality and morbidity, the included stud-
ies were too small to determine the effect of rate 
of rewarming on mortality and other outcomes. One 
observational study showed an association of rapid 
rewarming with a reduced rate of respiratory distress 
syndrome in preterm infants.564 However, numbers 
were small, the absolute risk difference was not 
shown, and the authors did not report whether this 
resulted in a clinical difference in need for respira-
tory support for respiratory distress syndrome.

•	 The task force considered that both the intervention 
and control treatment were acceptable and feasible. 
Two of the 3 included studies used servo-controlled 
devices to monitor and control the rate of rewarm-
ing. Regarding equity, servo-controlled devices 

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 16, 2025

https://www.ahajournals.org/doi/suppl/10.1161/CIR.0000000000001288


CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

December 10, 2024� Circulation. 2024;150:e580–e687. DOI: 10.1161/CIR.0000000000001288e626

Greif et al 2024 ILCOR CoSTR Summary

(eg, servo-controlled radiant warmers, incubators, 
or thermal mattresses) have not yet been demon-
strated to improve outcomes of rewarming. The cost 
of devices capable of operating in servo mode and 
disposable temperature probes may be unafford-
able in resource-limited settings.

•	 The rate of rewarming varied widely in the rapid 
rewarming groups in the included studies. The task 
force noted that a safe maximum rate of rewarm-
ing has not been identified. Furthermore, none 
of the included studies reported hyperthermia as 
an outcome. One observational study that did not 
meet inclusion criteria found that 43 (12.5%) of 
344 included infants developed hyperthermia 
(>37.5 ˚C).567 In this study, a rapid rewarming rate, 
compared with a slow rewarming rate, was associ-
ated with hyperthermia. It is unclear whether this 
related to specific settings of the devices used for 
rewarming (which were radiant warmers and incu-
bators in manual mode) in this study or to other 
characteristics of the included infants. These find-
ings may be clinically important because recent 
observational studies have confirmed an associa-
tion between hyperthermia on neonatal ICU admis-
sion and adverse outcomes.568,569 Future studies 
should consider this important outcome.

Knowledge Gaps
•	 The optimal method and rate of rewarming, includ-

ing equipment and settings
•	 Effect of rewarming rate on short-term and long-

term outcomes, for both preterm and term infants
•	 Effect of rewarming rate on metabolic markers such 

as acidosis and glycemic status
•	 Cost-effectiveness of rewarming strategies, includ-

ing equipment and the need for and duration of 
neonatal ICU admission

•	 The effects of protocols for rewarming on parental 
separation and the establishment of breastfeeding 
and on the safety and effectiveness of skin-to-skin 
care for rewarming

Therapeutic Hypothermia in Limited-Resource 
Settings (NLS 5701: SysRev)
Rationale for Review
Therapeutic hypothermia is now standard care in high- 
income countries for the treatment of moderate or severe 
hypoxic ischemic encephalopathy in term and near-term 
infants.570 However, uncertainty persists about the effica-
cy of therapeutic hypothermia in low-resource settings or 
in low- and middle-income countries. Because asphyxia 
is a leading cause of neonatal mortality and morbidity in 
low- and middle-income countries, it is critical to deter-
mine whether therapeutic hypothermia improves mortal-
ity and neurodevelopmental outcomes in this setting. The 

treatment shown to be effective in high-income coun-
tries generally consists of cooling to 33.5 °C commenc-
ing within 6 hours of birth and for a duration of 72 hours. 
Servo-controlled cooling devices are increasingly used in 
high-income countries because they achieve more con-
sistent adherence to target temperatures,571 although 
effective cooling can be accomplished by removal of 
heat sources and clothing and by applying refrigerated 
gel packs, making the treatment feasible in low-resource 
settings.572 The topic was last reviewed by the task force 
in 2015, with an emphasis on the use of passive hypo-
thermia or cold packs.468 An evidence update in 2020561 
identified new studies and an ongoing large multicenter 
RCT that has since been published.573

The SysRev was registered before initiation (PROS-
PERO registration CRD42022360554). The full online 
CoSTR can be found on the ILCOR website.574

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Late preterm and term infants (34+0 
or more weeks’ gestation) with moderate or severe 
hypoxic ischemic encephalopathy managed in low-
resource settings

•	 Intervention: Therapeutic hypothermia to a specified 
target temperature for a defined duration

•	 Comparators: Standard care
•	 Outcomes (importance assigned by task force con-

sensus, in accord with available guidelines478,479):
–	 Death or neurodevelopmental impairment at 18 

months to 2 years: composite outcome (critical)
–	 Death at hospital discharge (critical)
–	 Neurodevelopmental impairments at 18 months 

to 2 years (critical)
–	 Cerebral palsy (critical)
–	 Blindness (critical)
–	 Deafness (critical)
–	 Persistent pulmonary hypertension of the new-

born or other adverse outcome (as defined by the 
study authors)

Neurodevelopmental impairment was defined as abnor-
mal motor, sensory, or cognitive function using an appro-
priate standardized test.

•	 Study designs: RCTs and nonrandomized studies 
(nonrandomized controlled trials, interrupted time 
series, controlled before-and-after studies, cohort 
studies) were eligible for inclusion. Unpublished 
studies (eg, conference abstracts, trial protocols) 
were excluded. All languages were included if there 
was an English abstract.

•	 Time frame: Databases were searched from incep-
tion until September 2022, and the search was 
updated to July 2023.

Consensus on Science
The systematic review identified 21 RCTs involving 2145 
infants with hypoxic ischemic encephalopathy.575–595 Most 
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studies were single site, but 3 were multicenter.585,592,594 
Key results are summarized in Table 23.

Apart from persistent pulmonary hypertension, report-
ing of adverse events during therapeutic hypothermia was 
inconsistent between studies. Subgroup analysis sug-
gested that non–servo-controlled methods were more 
efficacious, although the task force considered that these 
results were more likely due to other aspects of study 
design than to a benefit of non–servo-controlled methods.

Prior Treatment Recommendations (2015)
We suggest that newborn infants at term or near term with 
evolving moderate-to-severe hypoxic-ischemic encepha-
lopathy in low-income countries and/or other settings with 
limited resources may be treated with therapeutic hypo-
thermia (weak recommendation, low-quality evidence).566

Cooling should only be considered, initiated, and con-
ducted under clearly defined protocols with treatment 
in neonatal care facilities with the capabilities for mul-
tidisciplinary care and availability of adequate resources 
to offer intravenous therapy, respiratory support, pulse 
oximetry, antibiotics, antiseizure medications, and pathol-
ogy testing. Treatment should be consistent with the pro-
tocols used in the randomized clinical trials in developed 
countries, that is, cooling to start within 6 hours, strict 
temperature control at 33 °C to 34 °C for 72 hours, and 
rewarming over at least 4 hours.566

2024 Treatment Recommendations
We suggest the use of therapeutic hypothermia in 
comparison with standard care alone for term (≥37+0 

weeks’ gestational age) newborn infants with evolving 
moderate-to-severe hypoxic-ischemic encephalopathy 
in low- and middle-income countries in settings where 
a suitable level of supportive neonatal care is available 
(weak recommendation, low-certainty evidence).

For late preterm infants, 34+0 to 36+6 weeks’ ges-
tational age infants, a recommendation cannot be made 
due to insufficient evidence.

Therapeutic hypothermia should only be considered, 
initiated, and conducted under clearly defined protocols 
with treatment in neonatal care facilities with the capabil-
ities for multidisciplinary care and availability of adequate 
resources to offer intravenous therapy, respiratory sup-
port, pulse oximetry, antibiotics, antiseizure medication, 
transfusion services, radiology (including ultrasound), and 
pathology testing, as required. Treatment should be con-
sistent with the protocols used in RCTs. Most protocols 
included the starting of cooling within 6 hours after birth, 
strict temperature control to a specified range (typically 
33 °C–34 °C) and most commonly for a duration of 72 
hours with rewarming over at least 4 hours. Adoption of 
hypothermia techniques without close monitoring, with-
out protocols, or without availability of comprehensive 
neonatal intensive care may lead to harm (good practice 
statement).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table can be found 
in Appendix A.

Table 23.  Use of Therapeutic Hypothermia for Infants With Moderate or Severe Hypoxic Ischemic Encephalopathy in Low- or 
Middle-Income Countries

Outcomes (importance) Participants (studies)

Certainty of 
the evidence 
(GRADE) RR (95% CI)

Anticipated absolute effect

Risk with standard 
care

RD with therapeutic hypother-
mia; NNTB, if applicable

Death or NDI at 18–24 mo 
(critical)

813

(5 RCTs)576,585,592,594,595

Moderate 0.67 (0.45–0.99) 458/1000 151 fewer infants died or had NDI 
per 1000 (5 fewer–252 fewer); 
NNTB, 7 (4–200) infants

Death or NDI at any time of 
follow-up (critical)

(post-hoc outcome)

1168

(9 RCTs)576,578,581,582,585,590,592,594,595

Low 0.50 (0.35–0.71) 474/1000 237 fewer infants died or had NDI 
per 1000 (138 fewer–308 fewer);

NNTB, 5 (4–8) infants

Death at hospital discharge 
(critical)

1488

(15 RCTs)576–580,584,586–593,595

Moderate 0.70 (0.47–1.02) 215/1000 64 fewer infants died per 1000 
(114 fewer–4 more)

Cerebral palsy (critical) 919

(6 RCTs)576,583,585,590,592,594

High 0.52 (0.37–0.72) 186/1000 89 fewer infants had cerebral 
palsy per 1000 (52 fewer–117 
fewer); NNTB, 12 (9–20) infants

Blindness (critical) 718

(4 RCTs)581–583,592

Moderate 0.48 (0.22–1.03) 53/1000 28 fewer infants were blind per 
1000 (41 fewer–2 more)

Deafness (critical) 718

(4 RCTs)581–583,592

Moderate 0.42 (0.21–0.82) 72/1000 42 fewer infants were deaf per 
1000 (57 fewer–13 fewer); 
NNTB, 24 (18–77) infants

PPHN (adverse effect: 
critical)

564

(3 RCTs)575,591,592

High 1.31 (0.76–2.25) 74/1000 23 more infants had PPHN per 
1000 (18 fewer–92 more)

GRADE indicates Grading of Recommendations, Assessment, Development, and Evaluation; NDI, neurodevelopmental impairment; NNTB, number needed to treat to 
benefit; PPHN, persistent pulmonary hypertension; RCT, randomized controlled trial; RD, risk difference; and RR, risk ratio.
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•	 The largest included (multicenter) RCT found that 
therapeutic hypothermia significantly increased 
mortality and did not reduce the combined outcome 
of death or disability at 18 months.592

•	 Nevertheless, the combined (moderate certainty) evi-
dence from all RCTs that assessed death plus dis-
ability at 18 to 24 months or cerebral palsy found 
that therapeutic hypothermia reduced neurodevel-
opmental impairment without increasing mortality. 
For several of the critical outcomes, there was high 
heterogeneity, which together with the preponder-
ance of smaller, single-center trials mostly reporting 
benefit, raised the possibility of publication bias. For 
some studies, concerns have been raised about study 
methodology underlying participant heterogeneity, 
including methods of patient selection, as well as con-
sistency of diagnosis and pathogenesis.596 Therefore, 
the task force concluded that the overall certainty of 
evidence was low. Furthermore, for adverse effects 
of therapeutic hypothermia, there was heterogeneity 
and inconsistency of reporting among the included 
studies, precluding meta-analysis.

•	 Although the PICOST intended to evaluate infants 
≥34+0 weeks of gestational age, 15 of the 21 
included studies specified ≥37 weeks of gestational 
age as an inclusion criterion, making the data for 
late preterm infants insufficient to support a treat-
ment recommendation.

•	 Distinction between low- and middle-income 
countries versus high-income countries, based on 
World Bank determinations, is straightforward.597 
However, the hospitals in the included studies (all 
in low- and middle-income countries) could provide 
neonatal ICU care, including advanced respiratory 
support, indicating a high level of resources despite 
their location in low- and middle-income countries. 
Therefore, the recommendation is made in relation 
to low- and middle-income countries rather than to 
the low-resource settings intended by the PICOST.

•	 In high-income countries, adequate follow-up 
assessment and care are also considered neces-
sary to optimize neurodevelopmental outcomes and 
to monitor the effectiveness of treatment.

Knowledge Gaps
•	 The minimum intensive care resources required for 

safe and effective provision of therapeutic hypo-
thermia in low- and middle-income countries

•	 Cost-effectiveness of therapeutic hypothermia in 
low- and middle-income countries

•	 Resource implications for safe and effective care of 
infants during provision of therapeutic hypothermia 
in low- and middle-income countries

•	 Strategies for optimal case selection of infants who 
may benefit from or may be harmed by therapeutic 
hypothermia in countries at all income levels

EDUCATION, IMPLEMENTATION, AND 
TEAMS
Cardiac Arrest Centers (EIT 6301: SysRev)
Rationale for Review
Specialized post–cardiac arrest care at a cardiac ar-
rest center (CAC) may improve long-term survival from 
OHCA. Previous studies have reported an association 
between survival to hospital discharge and transport to 
a CAC, but there is inconsistency in the hospital factors 
that are most related to patient outcome.598

In 2020, ILCOR reviewed the evidence on CACs 
despite a lack of high-quality data to support their 
implementation.232 Since then, new evidence on CACs 
has been published, triggering this update of the SysRev 
SysRev (PROSPERO number CRD42018093369). 
CACs are defined as specialized institutions offering 
treatment or services for patients with OHCA, includ-
ing a coronary angiography laboratory with 24/7 per-
cutaneous coronary intervention, post–cardiac arrest 
temperature control, extracorporeal membrane oxygen-
ation, mechanical ventilation, and neurologic prognosti-
cation.599 For this review, we defined CAC as having the 
capability for 2 or more of the above interventions and 
explicitly referred to by study authors as CACs (or synon-
ymous terms such as critical care medical center, tertiary 
heart center, or regional center).600 We excluded stud-
ies that used high volume (number of cases/patients) 
or percutaneous coronary intervention capability as the 
only distinguishing characteristics. The full CoSTR can 
be found online.601

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults and children with attempted 
resuscitation after nontraumatic IHCA or OHCA

•	 Intervention: Care at a specialized CAC
•	 Comparator: Care in an institute not designated as 

a specialized CAC
•	 Outcome:

−	Critical: Survival at 30 days with favorable neu-
rological outcome, survival at hospital discharge 
with favorable neurological outcome, survival at 
30 days, and survival at hospital discharge

−	 Important: ROSC after hospital admission for pa-
tients with ongoing CPR

•	 Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, con-
ference abstracts, trial protocols) were excluded. 
All relevant publications in any language were 
included as long as there was an English abstract 
available.

•	 Time frame: The literature search included all years 
to June 23, 2023.
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Consensus on Science
Sixteen studies were included in our review.602–617 All 
studies had moderate to serious risk of bias from con-
founding, and the certainty of evidence was rated as low. 
Because of substantial heterogeneity, no meta-analyses 
could be performed.

Individual study details are provided in the pub-
lished SysRev and online.601 Two studies showed 
improved outcomes associated with treatment at a 
CAC for survival to 30 days with favorable neuro-
logical outcomes (Figure 1),603,604,617a 11 for hospi-
tal discharge with favorable neurological outcomes 
(Figure 2),602,605–612,615,616 and 2 for survival to 30 
days (Figure 3).602,608 The only RCT identified did 
not show any difference in outcomes, but its results 
were limited to non–ST-segment–elevation myo-
cardial infarction patients with prehospital ROSC in 
an urban setting. Findings were not generalizable 
to other patient cohorts.602 Thirteen observational 
studies showed improved outcome of survival to 
hospital discharge associated with care at a CAC 
(Figure 4).603,605–614,616,617 Three observational studies 
showed improved outcome for ROSC associated with 
care at a CAC (Figure 5).604,606,613

Prior Treatment Recommendation (2019)
We suggest adult patients with nontraumatic OHCA 
be cared for in CACs rather than in non-CACs (weak 
recommendation, very low–certainty evidence).609a

2024 Treatment Recommendation
We suggest adults with OHCA should be cared for in 
cardiac arrest centers (weak recommendation, low-
certainty evidence).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.

•	 This topic was prioritized by the EIT Task Force on 
the basis of ongoing interest in improving patient 
outcomes after OHCA.

•	 A trial of expedited transfer to a CAC for non–
ST-segment elevation OHCA was published in 
2023.602 The results did not show any benefits 
among patients transferred to a CAC. Based on 
these results, we are unable to recommend for or 
against transferring OHCA adults with presumed 
cardiac cause presenting with non–ST-segment 
elevation with prehospital ROSC to a CAC, 

Figure 1. Survival to 30 days with favorable neurological outcomes.603,604

Reproduced from Boulton et al.617a This is an Open Access article under the CC BY 4.0 license. CAC indicates cardiac arrest center.
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Figure 2. Hospital discharge 
with favorable neurological 
outcomes.602,605–612,615,616

Reproduced from Boulton et al.617a This is 
an Open Access article under the CC BY 
4.0 license. CAC indicates cardiac arrest 
center.

Figure 3. Survival to 30 days.602,608

Reproduced from Boulton et al.617a This is 
an Open Access article under the CC BY 
4.0 license. CAC indicates cardiac arrest 
center.

Figure 4. Survival to hospital 
discharge.603,605–614,616,617

Reproduced from Boulton et al.617a This is 
an Open Access article under the CC BY 
4.0 license. CAC indicates cardiac arrest 
center.
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because this RCT was in a very large urban city 
setting.

•	 Given the lack of generalizability of the above trial, 
we included published data from nonrandomized 
studies in our review.

•	 We considered the successful implementation of 
regionalized care for trauma, stroke, and STEMI 
with improved outcomes.

•	 We reflected on the high level of resources required, 
particularly in regions with no regionalized emer-
gency transport in place for other conditions (eg, 
trauma, stroke, STEMI) and concluded that the ben-
efits potentially outweigh issues associated with 
implementation of CACs.

•	 We recognized that implementing this recommen-
dation may be resource and cost intensive, and 
although it has been successfully implemented in 
some countries, it may not be feasible in all regions.

•	 There were insufficient data for subgroup analyses 
to make any recommendations about specific sub-
groups, including age group, presenting rhythm, and 
primary versus secondary transfer, except from 1 
RCT in a very specific setting.

•	 We did not identify any studies on children or in-
hospital cardiac arrest in this review.

Knowledge Gaps
•	 A universal definition of CAC
•	 The effect of CACs for cardiac arrest in children or 

in the in-hospital setting
•	 The effect of CACs on long-term neurological intact 

survival
•	 The long-term benefits of CACs and the impact on 

patient-reported outcomes619

•	 The effect of care at CACs in specific subgroups 
(eg, age, cardiac pathogenesis, shockable or non-
shockable rhythm)

•	 The cost-effectiveness of transferring or caring for 
patients at CACs

•	 Whether there are any negative outcomes asso-
ciated with bypassing the closest hospitals (eg, 

deskilling in postarrest management) and transfer-
ring patients to CACs

•	 What defines a safe distance or time for transport to 
a CAC

•	 The impact on families, particularly those from 
remote regions

•	 The potential impact on organ donation
•	 There are insufficient data from large RCTs, includ-

ing a broad variety of populations and pathogenesis 
of cardiac arrest, because all but 1 study are obser-
vational trials

Cognitive Aids During Resuscitation (EIT 6400: 
SysRev)
Rationale for Review

The management of cardiac arrest and other medical 
emergencies can be complex. Cognitive aids have been 
widely adopted to enhance adherence to guidelines, im-
prove performance, and reduce errors. These aids may 
provide a structured framework and clinical guidance 
through complex and dynamic processes. Resuscita-
tion councils worldwide use cognitive aids during train-
ing and clinical practice in the form of algorithms, flow 
charts, checklists, posters, digital applications, and other 
formats. Whether use of such cognitive aids during re-
suscitation improves performance and patient outcomes 
is uncertain.

ILCOR reviewed the evidence in 2020 and did not rec-
ommend cognitive aids for laypeople during training and 
real CPR; however, they were suggested for training of 
health care professionals.620,621 Since then, new evidence 
has been published, triggering this update of the SysRev 
(PROSPERO registration CRD42020159162).622 The 
complete CoSTR can be found online.623

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults, children, and neonates in any 
setting (in-hospital or out-of-hospital) requir-
ing resuscitation, or laypeople and health care 

Figure 5. Return of spontaneous circulation.604,606,613

CAC indicates cardiac arrest center.
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professionals providing resuscitation or learning to 
provide resuscitation

•	 Intervention: The use of cognitive aids or checklists 
during resuscitation

•	 Comparator: No use of cognitive aids or checklists
•	 Outcome:

−	Critical: Survival to hospital discharge with good 
neurological outcome, survival to hospital dis-
charge

−	 Important: Quality of performance in actual re-
suscitations, skill performance 1 year after 
course conclusion, skill performance between 
course conclusion and 1 year, skill performance 
at course conclusion, knowledge at course con-
clusion, adherence to resuscitation guidelines, 
CPR quality and test scores

•	 Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, confer-
ence abstracts, trial protocols) were excluded. All 
years and all languages were included as long as 
there was an English abstract available.

•	 Time frame: Literature search was updated from 
January 1990 to October 28, 2023

Consensus on Science
All 29 studies included in this review were simulation 
studies that investigated the use of cognitive aids to fa-
cilitate clinical performance. No study investigated cog-
nitive aids as an educational tool to improve knowledge 
acquisition. No meta-analyses could be performed be-
cause of a high degree of heterogeneity in the studies, 
and the overall certainty of evidence was very low for 
all outcomes. Details of individual studies are included in 
the published review and online.623

Four simulation studies624–627 investigated the effects 
of cognitive aids in neonatal resuscitation by health 
care professionals. Findings included improvement in 
performance score with a decision support tool using 
augmented reality (AR),627 fewer deviations from a 
resuscitation algorithm with a decision support tool with 
auditory and visual prompts,625 and improved adherence 
to a resuscitation algorithm and improved performance 
according to a guideline with audio voice guidance.626 
A poster of an algorithm demonstrated no difference in 
performance.624

The use of cognitive aids during simulated pediat-
ric resuscitation was assessed in 3 studies628–630 and 
showed no difference in CPR performance by using a 
noninteractive CPR checklist,630 and no difference in 
CPR quality metrics with a decision support app.629 How-
ever, improved adherence to protocols or processes was 
found in 2 RCTs.628,629 A computer-based resuscitation 
tool improved task completion,628 and a decision support 

app found significantly fewer deviations from guideline 
recommendations.629

Eight studies631–638 used interactive cognitive aids 
during adult ALS simulated resuscitation (smartphone 
apps,631,635,637 tablet apps,633,634,636 computer-based clini-
cal decision display system632,638) with improved adher-
ence to a protocol or process in all studies.

Five studies639–643 investigated the effects of cog-
nitive aids (noninteractive checklists) used by health 
care professionals managing other emergencies in 
simulated events. In 4 RCTs: average performance 
scores increased,641 failure to adhere to critical steps 
was reduced,639 use of a medical emergency checklist 
improved adherence to critical process steps,642 and 
longer checklists seemed to be superior to shorter 
checklists or no checklist for overall CPR performance 
on procedural variables but not for CPR quality.643 
Access to crisis checklists shortened time to adequate 
administration of glucose in a hypoglycemic coma 
scenario.640

Seven RCTs644–650 and 2 observational studies651,652 
investigated the effects of cognitive aids used by lay res-
cuers during simulated resuscitation. Three RCTs645,646,648 
of mobile phone applications found improved adherence 
to clinical processes, while another mobile phone appli-
cation RCT650 found no improvement. Other RCTs found 
that using instruction cards improved adherence to AED 
sequences and time to shock,644 a voice-activated visual 
and auditory-assisted decision device improved adher-
ence to a 30:2 CPR ratio,647 and use of a flowchart dem-
onstrated reduced hands-off time during CPR.649

An observational study651 investigated the use of 
speech recognition software and found improved adher-
ence to a clinical protocol assessed in an objective struc-
tured clinical examination. Another observational study652 
investigated the feasibility of Chatbot guidance, which 
produced mixed results.

Three studies reported undesirable effects: increase 
in time to commencing chest compressions647,649 and 
delays in calling emergency services.648

Prior Treatment Recommendations (2020)
•	 We recommend against the use of cognitive aids for 

the purposes of lay providers initiating CPR (weak 
recommendation, low-certainty evidence).

•	 We suggest the use of cognitive aids for health care 
providers during trauma resuscitation (weak rec-
ommendation, very low–certainty evidence). In the 
absence of studies on CPR, no evidence-based rec-
ommendation can be made.

•	 There are insufficient data to suggest for or against 
the use of cognitive aids in lay provider training.

•	 We suggest the use of cognitive aids for training of 
health care providers in resuscitation (weak recom-
mendation, very low–certainty evidence).620,621
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2024 Treatment Recommendations
•	 We suggest the use of cognitive aids by health care 

professionals in resuscitation (weak recommenda-
tion, very low–certainty evidence).

•	 We do not recommend the use of cognitive aids for 
lay providers initiating CPR (weak recommendation, 
low-certainty evidence).

•	 We did not examine the use of cognitive aids in 
health professional or lay rescuer training in resus-
citation so no recommendation for or against can be 
issued.

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision tables are provided 
in Appendix A.

•	 The EIT Task Force continues to prioritize this topic 
because international resuscitation councils com-
monly provide cognitive aids to resuscitation course 
participants and health care organizations (algo-
rithms, pocket cards). However, it has not been 
determined if they are effective in improving patient 
outcomes or rescuer performance during actual 
resuscitation, because no evidence was found for 
the use of cognitive aids by trained health care pro-
fessionals during actual resuscitation events.

•	 The 2021 EvUp focused on outcomes associ-
ated with CPR quality. In this review, the outcomes 
focused on improved team performance through 
adherence to clinical protocols and processes of 
care.

•	 The task force’s recommendations differentiate 
between health care professionals and laypeople, as 
well as between use during resuscitation and during 
training, because the evidence for use of cognitive 
aids in these different groups and conditions differs 
substantially.

•	 For lay providers, there is consistent evidence that 
there are potentially clinically important delays in 
initiating CPR when using a cognitive aid; however, 
the evidence for impact on CPR-quality metrics (eg, 
rate, depth, chest compression fraction) is less con-
sistent. We found insufficient evidence to issue a 
recommendation for the use of cognitive aids in lay-
person training.

•	 For health care professionals, sufficient new studies 
provided the evidence to issue a recommendation 
for the use of cognitive aids during resuscitation. 
Because no study reported the use of cognitive aids 
during patient resuscitation, results from simulation 
studies might be used as a surrogate to justify the 
use of cognitive aids, as these have been used over 
decades by all resuscitation councils.

•	 Because no studies on resuscitation were found 
in the review in 2019, the task force previously 
considered the trauma resuscitation environment 

sufficiently similar to the CPR environment to 
extrapolate evidence that shows that trauma resus-
citation teams generally adhere to resuscitation 
guidelines better, make fewer errors, and perform 
key clinical tasks more frequently if they use cog-
nitive aids. In this review, sufficient new studies 
addressed the use of cognitive aids in resuscitation 
(however, only in a simulated environment) that the 
task force decided to exclude trauma studies from 
this review.

•	 There were several studies that used composite 
scores as their primary outcome (eg, score calcu-
lated on the basis of completing several clinical 
tasks). We included these studies for this SysRev; 
however, given their heterogeneity, comparing and 
pooling the results were not possible.

•	 Although all studies were simulation studies, none 
specifically investigated the use of cognitive aids as 
an educational tool to improve resuscitation learn-
ing. Therefore, we could not examine the use of 
cognitive aids for health care professionals or lay 
rescuer training in resuscitation. This needs to be 
examined in our next review.

Knowledge Gaps
•	 The impact of cognitive aids in real-life cardiac 

arrests and on patient survival
•	 Effective strategies for implementation of cognitive 

aids during training and real-life resuscitation for 
health care professionals

•	 The most effective type of cognitive aid and how 
this will be influenced by the increasing use of arti-
ficial intelligence

•	 Cost-effectiveness of the use of cognitive aids dur-
ing resuscitation and training

•	 The effect of cognitive aids for health care profes-
sional and layperson training

Immersive Technologies for Resuscitation 
Teaching (EIT 6405: SysRev)
Rationale for Review
Current methods for training laypeople and health care 
professionals often fall short, resulting in poor skill acquisi-
tion and long-term skill decay. Identification of alternative 
educational strategies with improved learning outcomes 
will help to enhance process of care and patient outcomes 
from cardiac arrest. Immersive technologies, such as virtual 
reality (VR; defined as real-time simulation and interactions 
through sensorial channels created by a computer and 
displayed on a head-mounted or smartphone device)653 
and AR (defined as computer-generated holographic im-
ages overlaid into the real environment enabling users 
to interact with both the hologram and real objects),654 
provide an alternative learning modality to traditional  
instructor-led training. These technologies can support 
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training when combined with other instructional method-
ologies such as video, manikin-based training, or online 
learning. Implementation of immersive technology comes 
with a cost for both hardware and software components. 
VR and AR technology have been used in educational set-
tings for both laypeople and health care professionals, but 
ILCOR has not previously reviewed the available evidence. 
A SysRev was initiated because the overall impact of VR 
and AR on learning and performance outcomes is unclear 
(PROSPERO registration CRD42023376751).655 The full 
CoSTR can be found online.656

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Laypeople and health care profession-
als in any educational setting

•	 Intervention: Immersive technologies (VR, AR, mixed 
reality, extended reality) as part of instructional 
design to train neonatal, pediatric, and adult BLS 
and ALS

•	 Comparator: Other methods of resuscitation train-
ing in BLS and ALS (eg, traditional manikin-based 
simulation training)

•	 Outcome: Knowledge acquisition and retention, 
skills acquisition and retention, skill performance in 
real CPR, willingness to help, bystander CPR rate, 
patients’ survival

•	 Study design: RCTs, nonrandomized studies (non-
RCTs, interrupted time series, controlled before-
and-after studies, cohort studies and case series 
where n>5, conference abstracts), and research 
letters were eligible for inclusion. All years and all 
languages were included as long as there was an 
English abstract available.

•	 Time frame: Literature search from January 1, 
1990, to April 3, 2023

Consensus on Science
No meta-analyses could be performed because of a high 
degree of heterogeneity in the studies, and the over-
all certainty of evidence was very low for all outcomes. 
Details of individual studies are included in tables in the 
published review and online.656

Out of 18 studies653,654,657–672 included in this review, 
3 studies used AR in BLS training.653,654,658 Two of these 
used AR to provide real-time CPR feedback, with 1 
study favoring AR and the other favoring the non-AR 
feedback.653,658 The third study used AR to provide clini-
cal guidance during training, and results favored the AR 
intervention but were not significant.654

Of the 3 studies investigating AR, 2 demonstrated no 
difference in CPR depth performance with and without 
use of AR during training.653,654 One study reported better 
CPR depth compliance with the use of AR during train-
ing.658 Two studies showed no difference in CPR-quality 
parameters (compression depth and rate),653,654 while an 

additional study found no difference in compression rate 
but a difference in depth with the use of AR during train-
ing.658 Overall CPR performance was assessed in 2 stud-
ies653,658 and demonstrated mixed results.

VR for BLS was explored in 9 studies assessing 
laypeople 657,659–665,672 and 3 studies of health care pro-
fessionals.666–668 All featured VR as the primary instruc-
tional methodology. An additional 3 studies described 
VR use for ALS training in health care profession-
als.669–671 Because of significant heterogeneity in the 
design of the interventions, control groups, participant 
types, and outcome measures, meta-analysis was not 
possible.

Six studies looked at VR for acquisition of BLS knowl-
edge. Knowledge acquisition was significantly greater 
with VR in 3 studies compared with a serious game,666 
e-learning with video,661 and video-based training.662 Two 
studies showed no difference compared with traditional 
training664 or video-based training.663 Knowledge reten-
tion with kindergarten teachers improved at 5 weeks 
after training with VR.662 Two other studies showed no 
difference at 6 months.660,664

Nine studies investigated the effects of VR on BLS 
skills outcomes. Adult laypeople achieved significantly 
greater chest compression fraction with instructor-led 
training compared with VR.657 Results for no-flow time 
were mixed. One study favored VR over web-based BLS 
training,668 and the other favored conventional BLS train-
ing over VR.667

Three studies in adult laypeople showed signifi-
cantly better CPR depth in the control group compared 
with VR.657,659,672 Two other studies showed no differ-
ence in CPR depth between groups.664,665 Participants 
in instructor-led CPR training had significantly better 
CPR depth compliance compared with VR.657,672 One 
study demonstrated higher CPR rates with VR.657 Two 
other studies found no difference in CPR rate.659,665 
CPR rate compliance was not better with VR; CPR 
rate compliance was either better for instructor-led 
training,657,672 or no difference was found.664 One study 
reported better chest recoil compliance with VR,657 
but 3 studies demonstrated no difference.664,665,672 For 
overall CPR performance after training, 3 studies found 
no difference when comparing VR with instructor-led 
training665,672 or video-based training.663 Two studies 
measured retention of CPR skills at 6 months664 and 
3 months672 after training and found no difference in 
CPR depth, rate, or chest recoil when comparing tradi-
tional training and VR.664,672

A study in adult laypeople found more willingness 
to perform CPR with instructor-led CPR training at 6 
months after training than with VR-based CPR train-
ing (81% willing in the instructor-led control group 
compared with 71% in the VR intervention group, 
P=0.02).660
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Three studies investigated VR for ALS training. A study 
in neonatal resuscitation compared high-fidelity simulation 
with VR and showed no difference in knowledge imme-
diately after training.671 An advanced cardiovascular life 
support study found significantly improved adherence to 
guidelines with traditional training compared with VR train-
ing with limited feedback. No difference was found when 
comparing traditional training with VR training with com-
prehensive feedback.669 An additional study found no dif-
ference in objective structured clinical examination scores 
for clinical performance between standard Helping Babies 
Breathe training and VR-based Helping Babies Breathe 
immediately after training and 6 months later.670

2024 Treatment Recommendations (New)
We suggest the use of either AR or traditional methods 
for BLS training of laypeople and health care profession-
als (weak recommendation, very low–certainty evidence).

We suggest against the use of virtual reality only for 
BLS and ALS training of laypeople and health care pro-
fessionals (weak recommendation, very low–certainty 
evidence).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table can be found 
in Appendix A.

Augmented Reality
•	 The evidence was either equivocal or in support of AR.
•	 Only a few studies were identified, with few 

participants.
•	 Two studies used AR for feedback653,658 and 1 for 

clinical guidance654 (ie, different applications of the 
technology), and the control groups were different 
across these 3 studies (some included CPR feed-
back, others did not).

Virtual Reality
•	 The evidence was mixed but predominantly in favor 

of non–VR-based training or equivocal in nature.
•	 Studies were very heterogeneous with respect to 

type of intervention, type of control, and outcome 
measures.

•	 Although some studies reported improved knowl-
edge acquisition with VR training, the results for 
more important outcomes (ie, skills outcomes, 
adherence to guidelines, clinical performance) were 
either in favor of non–VR-based training or equivo-
cal in nature.

Knowledge Gaps
•	 The relative and synergistic effect of immersive 

technologies when combined with other educa-
tional strategies (eg, video, gamification, feedback)

•	 The effects of different applications of AR and VR, 
which can be used in many ways (eg, real-time 
feedback, gamification, knowledge delivery)

•	 The impact of immersive technology on the acquisi-
tion and retention of knowledge and skills

•	 The effect of immersive technology–based train-
ing on team-based skill performance and pro-
cess measures (eg, time to epinephrine, time to 
defibrillation)

•	 The role of the instructor when immersive technol-
ogy is being used (eg, when it is beneficial for the 
instructor to provide feedback and the type of train-
ing the instructor requires when using immersive 
technology in resuscitation courses)

•	 The costs associated with implementing and 
maintaining AR and VR devices as well as cost-
effectiveness of these training modalities

Gamified Learning Compared With Other Forms 
of Resuscitation Learning (EIT 6412: SysRev)
Rationale for Review
Increased familiarity and ease with technology and digital 
media are features of younger generations. More effective 
teaching strategies for these learners may include a great-
er degree of stimulation and engagement with the use of 
active participation with and alongside peers. Gamification 
refers to the use of game-like elements (competition, point 
systems, scaffolded levels of difficulty, leaderboards), usu-
ally in a digital format, to encourage interactive and intuitive 
participation by learners. Some preliminary studies have 
found that gamified learning improves knowledge and skill 
during CPR training, either alone or used as pretraining to 
a standard life support course; other studies have found 
no significant difference. The task force undertook a Sys-
Rev because the impact of gamified learning on learning 
and performance outcomes is unclear (PROSPERO reg-
istration CRD42023483540).673 The full CoSTR can be 
found online.674

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Learners training in BLS or ALS
•	 Intervention: Instruction using gamified learn-

ing (use of game-like elements in the context of 
training, eg, point systems, intergroup competition, 
leaderboards, scaffolded learning with increasing 
challenge, “medals” or “badges”)

•	 Comparator: Traditional instruction or other forms of 
nongamified learning

•	 Outcome:
−	Educational outcomes:

◾	Skill (eg, CPR performance, other procedural 
performance, scores in scenarios, time to task 
performance): Immediately after training (ie, 
end of course), at 3 months, 6 months, 1 year

◾	Knowledge (eg, test scores): Immediately af-
ter training (ie, end of course), at 3 months, 6 
months, 1 year
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◾	Attitudes: Participant satisfaction, learner pref-
erence, learner confidence

−	Clinical outcomes: Change in health care prac-
titioner behavior at resuscitation in case of real 
cardiac arrest (CPR quality, time to task comple-
tion, teamwork/crisis resource management)

−	Patient outcomes: ROSC, survival to hospital dis-
charge, neurologic intact survival

−	Process: Costs and resources utilization
•	 Study design: RCTs and nonrandomized stud-

ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, confer-
ence abstracts, trial protocols) were excluded. All 
languages were included as long as there was an 
English abstract available.

•	 Time frame: All years up to May 30, 2023

Consensus on Science
Six randomized trials and 7 observational studies were 
identified.675–687 Details of study design and key findings 
are presented in table form in the published review and 
online.674 No meta-analyses could be performed because 
of a high degree of heterogeneity in the studies, and the 
overall certainty of evidence was low to very low for all 
outcomes.

Eleven studies used digital platforms, including 
online or screen-based platforms,675,676,681,684,685,687 a 
digital leaderboard,677,680,681 and smartphone applica-
tions.683,686 One study used a board game, and another 
a card game.678,679 Eleven studies involved health care 
professionals,675–683,686,687 and 2 involved laypeople (high 
school students).684,685 Three studies examined perfor-
mance of teams679,685,686; the remaining 10 examined 
individual performance. No study reported on outcomes 
of process, costs, and resources utilization, or on critical 
clinical and patient outcomes.

Overall CPR performance was addressed in 4 
RCTs676,677,681,682 and 1 observational study.685 Three 
RCTs676,681,682 found better performance with gaming 
for health care professionals and laypeople. A multi-
center RCT found no effect.677 The observational study 
in laypeople found improved performance 6 months after 
training with gaming.685 In an observational study of BLS 
training amongst high school students using a screen-
based gamified learning interface, chest compression 
depth and rate was improved immediately after training 
and remained improved 3 months later.684

Two observational studies of health care profession-
als demonstrated improved knowledge scores after 
gamified learning during the Neonatal Resuscitation 
Program, a finding that persisted at 6 months in 1 of 
the studies.678,687 A card game to enhance Neonatal 
Resuscitation Program knowledge reported high levels 
of perceived usefulness.679 Another observational study 

found improved skills scores and faster time to positive 
pressure ventilation in a neonatal scenario that followed 
gamified learning.675

For ALS knowledge, 2 RCTs in health care profes-
sionals showed improvements with smartphone-based 
games.683,686 The latter study showed no difference for 
skills during ALS scenarios used in a smartphone-based 
game involving ALS scenarios but led to better self-
reported confidence among users.

An observational study680 of nurses using a leader-
board showed decreased time to epinephrine dosing 
in children as well as increased proportion of learners 
knowing the correct concentration of epinephrine.

2024 Treatment Recommendation (New)
We suggest the use of gamified learning be considered 
as a component of resuscitation training for all types of 
BLS and ALS courses (weak recommendation, very low–
certainty evidence).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.

•	 All studies were very heterogeneous with respect 
to subjects, type of intervention, type of control, 
and outcome measure, and GRADE assessment 
showed that evidence was of very low certainty.

•	 All studies reported at least 1 domain of learner 
outcome (skill, knowledge, attitude) with a posi-
tive result when gamified learning elements were 
included; no studies found a negative impact 
of gamified learning elements on any domain of 
learner outcomes.

•	 Most studies involved an intervention requiring 
a digital platform (eg, video-based, smartphone-
based); no studies reported any information 
about cost, implementation outside their study 
group, or wider dissemination to other settings or 
learners.

Knowledge Gaps
•	 A more consistent definition of gamification across 

research studies (eg, use of video-based content 
delivery alone does not necessarily constitute a 
“game,” although this term is frequently used to 
describe such training elements)

•	 Optimal approaches to dissemination of gamified 
learning elements as well as platforms to varied 
learner groups and settings

•	 Costs, resources, and time requirements for imple-
mentation of gamified learning

•	 The association between gamified learning ele-
ments and differences in stress or cognitive load

•	 The impact of gamified learning on care delivery or 
patient outcomes
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Rapid Cycle Deliberate Practice in 
Resuscitation Training (EIT 6414: SysRev)
Rationale for Review
Rapid cycle deliberate practice (RCDP) is a type of train-
ing in which feedback occurs immediately and frequently 
during the training. It should not be confused with re-
petitive practice. RCDP is characterized by a goal to be 
achieved, a stop-and-go practice with immediate feed-
back on the performance, ample time for repetition to im-
prove performance aiming to improve clinical outcomes, 
and a safe environment that fosters an atmosphere where 
learners have no fear of making mistakes and receive 
feedback from a constructive perspective.688 ILCOR has 
not previously reviewed available evidence about RCDP 
in resuscitation training. Therefore, a SysRev was initi-
ated (PROSPERO registration CRD42023468862).689 
The full CoSTR can be found online.690

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Learners training in BLS or ALS
•	 Intervention: Instruction that uses RCDP
•	 Comparator: Traditional instruction or other forms of 

learning without RCDP
•	 Outcome: Knowledge acquisition and retention, 

skills acquisition and retention, skill performance in 
real CPR, attitudes, willingness to help, and patients’ 
survival

•	 Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were 
eligible for inclusion. Unpublished studies (eg, 

conference abstracts, trial protocols) were excluded. 
All years and all languages were included as long as 
there was an English abstract available.

•	 Time frame: All years up to November 1, 2023

Consensus on Science
Seven RCTs691–697 and 1 observational before-after 
study688 were identified, all in simulation settings.688,691–697 
The studies included medical students,696 interns,693,694 
residents,688,692,697 physicians,695 and a mix of fel-
lows, nurses, and respiratory therapists691: all involved 
in adult,695,696 pediatric,688,691,692,694,697 and neonatal693 
simulated scenarios. Seven of them referred directly to 
RCDP688,691–695,697; 1 used “in-simulation debriefing” dur-
ing the clinical scenario, which contained the key compo-
nents of RCDP.696

Details of the individual simulation studies are pre-
sented in the published review and online.690 Meta-
analysis was only possible for time to chest compressions.

For time to chest compressions, 2 pediatric692,697 stud-
ies and 1 neonatal693 study provided very low–certainty 
evidence of no benefit from RCDP when compared with 
after-event debriefing (Figure 6). In an observational 
study, RCDP resulted in a significantly shorter time from 
cardiac arrest to initiation of chest compressions.688

A single RCT found no benefit in time to recognition 
of cardiac arrest with RCDP.695 An observational study 
found no benefit in time to bag-mask ventilation.688 In 
an RCT, time to positive-pressure ventilation within 1 
minute was more frequent with RCDP than in the con-
trol.693 Three RCTs692,695,697 and 1 observational study688 
assessed time to defibrillation, with shorter time from 
rhythm recognition to defibrillation in 2 RCTs692,695 and 

Figure 6. Meta-analysis forest plot for time to chest compressions comparing RCDP with after-event debriefing.
Data are given for the estimated standardized mean difference in seconds using a random effects model (P=0.5105).
RCDP indicates rapid cycle deliberative practice; and RE, random effects.
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in the observational study.688 Two RCTs assessed time 
to administration of epinephrine,692,693 with 1 study 
describing a benefit with RCDP.693 RCDP also resulted 
in shorter pre-defibrillation pause durations in 2 stud-
ies.688,695 RCDP improved compression fraction/no-flow 
fraction in an RCT695 and in an observational study.688 
Retention of skills at 4 months was analyzed in an RCT, 
and there was no difference with RCDP.693

For adherence to protocol, 1 RCT reported higher 
scores,693 but 2 others found no difference.691,694 Team 
leader performance was better with RCDP in 1 study.697 
In contrast, participants’ subjective perception of the 
teaching effectiveness scored lower for RCDP.696

2024 Treatment Recommendation (New)
We suggest that it may be reasonable to include RCDP 
as an instructional design feature of BLS and ALS train-
ing (weak recommendation, very low–certainty evidence).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.

•	 We favored RCDP as a teaching modality because 
no side effects or harmful outcomes were reported 
and most outcomes showed a benefit from RCDP. 
Notably, shorter time to critical task performance 
(ventilation, defibrillation, administration of epineph-
rine) and shorter preshock pause durations were 
described in several of the simulation studies.

•	 The only meta-analysis performed (for time to chest 
compressions) did not show a difference. This con-
tributed to the weakness of the recommendation, 
despite other evidence being found in favor of 
RCDP.

•	 Only 1 study (addressing teaching effectiveness) 
out of the 8 included in the review favored the con-
trol group.

•	 As most of the RCDP studies included trainees, 
generalizability of the findings to other groups 
needs to be further explored.

Knowledge Gaps
•	 The effect of RCDP in other populations (laypeo-

ple, first responders, and experienced health care 
professionals)

•	 The medium or long-term follow-up effect of RCDP
•	 Resources required and costs of implementation of 

RCDP in resuscitation training curriculum of health 
care professionals and other populations

•	 The effect of RCDP on resuscitation training and 
clinical outcomes and patient survival

•	 There is heterogeneity in the use of terms, and 
standardized definitions of deliberate practice 
and RCDP were not used across studies, mak-
ing identification of relevant comparative studies 
difficult.

Team Competencies Training for Resuscitation 
(EIT 6415: SysRev)
Rationale for Review
Team competencies are defined as nontechnical skills, in-
cluding team-related communication, task allocation, and 
leadership, that are known to be associated with patient 
outcomes in resuscitation. Investigating whether specific 
training of team competencies improves resuscitation 
performance could impact the organization of resuscita-
tion services worldwide and potentially improve patient 
care. In 2020 we recommended the use of specific lead-
ership training for resuscitation courses on the basis of 
very low–certainty evidence.620 This SysRev aimed to as-
sess the effect of specific training on a broader range 
of team competencies as part of resuscitation training 
(PROSPERO registration CRD42023473154).698 The 
full CoSTR can be found online.699

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Learners undertaking life support train-
ing in any setting

•	 Intervention: Life support training with a specific 
emphasis on team competencies

•	 Comparator: Life support training without specific 
emphasis on team competencies

•	 Outcome: Patient survival, CPR skill performance 
at course completion, CPR skill performance in 
actual resuscitation and simulation, CPR quality, 
confidence, and team competencies: all at course 
completion, <1 year and ≥1 year after course com-
pletion; resources (time, equipment, cost)

•	 Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eligi-
ble for inclusion. Studies evaluating scoring systems 
(no relevant outcome), studies with self-assessment 
as the only outcome, reviews, and abstracts were 
excluded. All languages were included as long as 
there was an English abstract available.

•	 Time frame: Literature search January 1, 1999, to 
August 30, 2023

Consensus on Science
Seventeen studies were included in this review, and indi-
vidual study details are provided in the published review 
and online.699–716 No evidence was identified for CPR-skill 
quality and performance, confidence, and team compe-
tencies beyond 1 year. One RCT705 reported descriptive 
data on patient survival outcomes favoring team compe-
tencies, but this was not powered to make inferences.

For CPR skills and quality at course completion, 
2 RCTs700,710 reported shorter time to at least 1 CPR-
skills performance. One nonrandomized study for pedi-
atric ALS706 reported higher checklist scores for CPR 
skills with team training, and 1 RCT704 found greater  
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adherence to ALS guidelines. Nine studies (1 obser-
vational,706 8 RCTs702,705,709–711,713,715,716) reporting CPR 
performance found no effect from team competence 
training. One RCT701 reported shorter no-flow time, 
whereas another found no difference.704 Two studies 
found no difference in hands-on time or compression 
rate709 or chest compression quality.708

Two RCTs found no difference in CPR performance at 
4 months716 and 6 months.711 Another RCT709 reported 
increased hands-on time and higher compression rates 
4 months after course completion. Confidence at course 
completion and at a nonspecified follow-up interval 
showed was not different in 1 RCT.702

Team competencies were evaluated at course com-
pletion by 14 studies (12 RCTs,700–703,707–710,713–716 2 non-
randomized studies706,712). Three RCTs708,709,714 reported 
more leadership statements, 3 RCTs703,713,714 identified 
increased directed team communication, 1 RCT713 found 
increased closed-loop communication, and another 
RCT701 reported higher “teamwork verbalizations” (eg, 
directed orders, task assignments, planning).

Decision-making improved in 1 RCT.708 Leadership 
behavior was better in 2 RCTs,705,707 with 1 also reporting 
increased correction of improper chest compressions. A 
nonrandomized study712 reported no difference in leader-
ship behavior.

Teamwork improved in 1 RCT702 with higher team-
level efficacy, and 1 nonrandomized study706 reported 
more teamwork intervention events. Two RCTs715,716 
and a nonrandomized study712 found no differences in 
teamwork measures. Nontechnical skills performance 
was found to be higher in 2 RCTs,700,710 and 2 RCTs714,715 
reported improved workload management.

Beyond course completion, 1 RCT reported more 
leadership statements, task assignments, commands, 
and decisions at 4 months.709 Another RCT found higher 
ratings on a self-reported teamwork scale,702 but no dif-
ference was found in teamwork scores at 3 months in 
another RCT.716

Prior Treatment Recommendation (2020)
We suggest that specific team and leadership train-
ing be included as part of ALS training for health care 
providers (weak recommendation, very low–certainty 
evidence).620

2024 Treatment Recommendation
We suggest that teaching team competencies be includ-
ed in BLS and ALS training (weak recommendation, very 
low–certainty evidence).

Justification and Evidence-to-Decision Framework 
Highlights
The complete evidence-to-decision table is provided in 
Appendix A.

•	 We identified no harmful effects of team competen-
cies training in any course format.

•	 Several studies reported that team competencies 
training improved CPR skill performance, which per-
sisted beyond course completion.

•	 The evidence relating to team competency out-
comes varies but was mostly positive.

•	 Previous clinical studies suggest that a lack of team 
competencies is a barrier to successful resuscita-
tion, and team competencies have been associated 
with improved technical skill performance during 
clinical resuscitation attempts.

•	 We valued the fact that team competencies training 
appears widely accepted.

Knowledge Gaps
•	 Benefits of training team competencies on clinical 

resuscitation performance outcomes and patient 
outcomes

•	 The optimal instructional design, duration, and mode 
of delivery for training of team competencies

•	 Whether training in particular competencies is more 
important than others and whether this depends on 
the group of learners

•	 Cost-effectiveness of team competencies training 
and effectiveness in low-resource settings

BLS Education Tailored to Specific Populations 
(EIT 6108: ScopRev)
Rationale for Review
The task force undertook this ScopRev because the indi-
vidual backgrounds of specific populations (eg, working 
in a special environment, someone with special needs, 
impairments, or disabilities) who are not health care pro-
fessionals may warrant specific BLS training that differs 
from standard courses.717–719 However, it is unclear which 
specific populations exactly could benefit from adapted 
tailored teaching. The complete report of this ScopRev 
can be found online.720

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Specific adult layperson populations or 
groups participating in BLS training

•	 Intervention: Tailored BLS training
•	 Comparator: Nontailored BLS training
•	 Outcomes:

−	Patient outcomes:
◾	Critical: Survival to hospital discharge, 30-day 

survival, 12-month survival, neurological outcome
◾	 Important: ROSC

−	BLS quality outcomes: Starting CPR in case of 
real cardiac arrest, performance during real CPR

−	Educational outcomes: Knowledge and skills 
acquisition, willingness to perform CPR, barriers 
toward performing CPR, participant satisfaction 
or knowledge and skills retention at the end of 
the respective course and later (eg, 3 months, 1 
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year), implementation success, resource implica-
tions, and cost-effectiveness

•	 Study design: RCTs and nonrandomized studies (non-
RCTs, controlled before-and-after studies, cohort 
studies, and case series n≥5), reviews, and surveys in 
respective population groups with at least an abstract 
in English were eligible for inclusion. Research aimed 
at teaching BLS to children and research on CPR 
training for health care professionals (both suffi-
ciently covered elsewhere) were excluded.

•	 Time frame: All years to July 10, 2023

Definitions
(A)	 Specific population/subgroup: A group with a 

specific feature (eg, job, age group)
(B)	 Layperson: An adult who is not a qualified, retired, 

or in-training health care professional. We defined 
2 groups of laypeople:
(1)	 Duty to respond: Laypeople who have a 

duty to attend individuals of an emergency 
because of their profession (eg, law enforce-
ment, firefighters, lifeguards, flight crews)

(2)	 No duty to respond: Community laypeople 
who have no duty (occupational expectation) 
to respond to a cardiac arrest

(C)	 Standard BLS training (nontailored BLS courses): 
BLS courses that follow current recommenda-
tions from the large course developers and orga-
nizers like the American Heart Association or the 
European Resuscitation Council

(D)	 Tailored training (tailored courses): Courses 
altered to serve the special needs of a population 
(eg, duration, frequency, content, assessment, 
feedback, materials and devices used, specific 
aids, contextualization of the environment, spe-
cially trained instructors)

Summary of Evidence
Details of the included studies and findings are present-
ed in the published review and online.720 Most studies ad-
dressed training in those with disabilities, including Down 
syndrome,721,722 blindness,723,724 and deafness or hearing 
impairment.725–727 No studies comparing an approach 
tailored to specific populations with a standard course 
were identified. Only a small percentage of people with 
Down syndrome were able to perform high-quality chest 
compression–only CPR after a tailored course (shorter 
sessions and videos with comic elements).721,722 Two 
studies assessed CPR education for blind learners, 
which resulted in chest compression–only CPR similar 
to other BLS providers723; supervisors with special peda-
gogic training were able to teach rescue breaths.724 Tai-
lored courses for trainees with hearing impairment725–727 
incorporated sign language interpreters without altering 
the 30:2 approach. Activating emergency medical ser-
vices and following automated external defibrillator voice 
prompts were the most challenging points. One tailored 

chest compression–only CPR course for refugees was 
deemed feasible but needed translators and a special 
focus on general health literacy.728

Task Force Insights
No studies were found comparing tailored courses with 
standard BLS courses, which was the intended aim of this 
review. Thus, whether tailoring BLS courses to specific 
populations yields better results than standard courses re-
mains unknown. An overview of studies reporting tailored 
courses for specific populations was provided instead. 
Unfortunately, studies reported few details on the tailoring 
done or the development process. We acknowledge that 
educators will often make minor adaptations in courses 
to meet individual needs of students, but real tailoring has 
to address the needs of the special learners, include the 
specific populations in such developments, and undergo 
proper validation to ensure benefits to the learners.

The task force thought that tailored BLS education 
for specific populations is probably feasible and could 
expand the pool of potential bystander CPR providers to 
include groups that may otherwise have been left out (eg, 
individuals with disabilities). The importance of defining 
a structured way to tailor courses to those with specific 
needs and ways that members of specific groups might be 
involved in developing such courses were also discussed.

Knowledge Gaps
•	 Which specific population groups may benefit from 

tailored BLS education
•	 Whether tailored BLS education is cost-effective 

across different populations
•	 What kind and amount of tailoring are optimal
•	 Whether tailored courses would be effective for first 

responders with and without a duty to respond, includ-
ing but not limited to police, firefighters, or lifeguards

•	 How standard courses compare with tailored 
courses in specific populations

International Facets of the Chain of Survival 
(EIT 6311: ScopRev)
Rationale for Review
The term Chain of Survival is widely used in literature, 
scientific presentations, education, and awareness 
campaigns, with significant heterogeneity. This leads to 
confusion on which version should be used for which 
purpose, and the educational and clinical impacts of this 
heterogeneity are unclear. The American Heart Associa-
tion issued various iterations of the Chain of Survival in 
their latest guidelines.718 The European Resuscitation 
Council switched to the concept of Systems Saving 
Lives, and, while still mentioning the Chain of Survival, 
no longer uses a depiction of the Chain of Survival.719 No 
review of this topic has been done by ILCOR previously. 
The full report of the ScopRev can be found online.729,730

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 16, 2025



CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2024;150:e580–e687. DOI: 10.1161/CIR.0000000000001288� December 10, 2024 e641

Greif et al 2024 ILCOR CoSTR Summary

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Literature using the term Chain of 
Survival or similar terms (eg, survival chain, chain of 
[other pathology])

•	 Intervention and exposure: Adaptations of the origi-
nal Chain of Survival

•	 Comparator: The original Chain of Survival
•	 Outcome:

−	Composition of the specific variations in adapted 
versions

−	Attitudes, rationale, and views concerning the ad-
aptation

−	 Incentives to develop novel versions
−	Way of implementation of adapted versions
−	Way of utilization of adapted versions in education
−	Variations in visualization
−	Effect of the use of the Chain of Survival or variants 

on teaching, implementation, and patient outcomes
•	 Study design: All types of studies, including ran-

domized trials or non-RCTs, narrative literature, let-
ters, commentaries, or editorials in all languages

•	 Time frame: All years to August 14, 2023

Summary of Evidence
The heterogeneity of works identified made a SysRev 
or meta-analysis impossible. Details of individual studies 
are summarized in the published review and online.729 We 
grouped the publications into novel concepts related to 
resuscitation (n=8),718,731–737 novel concepts not directly 
related to resuscitation (n=23),738–760 simple adaptations 
of the original Chain of Survival (n=9),761–769 and impact 
on outcomes (n=3).603,770,771

Novel Chains of Survival have been suggested for 
resuscitation for IHCA,718,732,735 pediatric resuscitation,718,736 
and mass gatherings (including early planning).733 A chain 
mail of survival (with multiple rows of interlacing rings 
rather than a single row of linked rings)734 Adaptations 
of the existing chains (mostly expansions) included sur-
vival after ventricular fibrillation,769 rehabilitation,765 gen-
eral prevention,766 family support,767 making the chain into 

a circle,761 STEMI,764 the chain mail of survival for low-
resource settings,768 survival odds along the chain in con-
trast to research funding,762 and a visual adaptation of the 
rings according to their impact on outcome in ratios.763 
Increased survival rates and better neurologic outcome 
after the introduction of the fifth link of the chain by the 
American Heart Association in 2010 was observed.603,770 
After a public campaign about the Chain of Survival in 
France, bystander CPR rates increased.771 No educa-
tional or other outcomes were reported.

Several versions or adaptations not directly related 
to CPR were found,738–760 covering specific pathologies 
(trauma,738,752,759 severe hemorrhage,748 land mine inci-
dents,743 stroke,744,751 STEMI,740,750 drowning,753,754 septic 
shock,745 complicated deliveries742) or occasions and situ-
ations (pandemics,755,760 events,749 terror attacks,758 chemi-
cal/biological/radiological/nuclear incidents,741 industrial 
incidents746). Others rethought the concept and proposed 
the survival ladder,757 or a Chain of Survival behaviors in first 
aid.756 Peculiarities were the animal Chain of Survival for 
veterinary patients,739 and 1 for anesthesia equipment.747

Task Force Insights
Chains of Survival range from classic versions used by re-
suscitation councils with minor adaptations to completely 
novel versions covering various pathologies or situations. 
Most health care workers know one or another version of 
the Chain of Survival because the concept has penetrated 
scientific literature and guiding documents, including gray 
literature. Also, the term is clinically and scientifically used 
as a synonym for whole systems of cardiac arrest care.

An educational aspect of the Chain of Survival does not 
really play a role in publications included in this review. Sev-
eral adaptations of the classic chain lack essential links of the 
chain. Rehabilitation and prevention seem to be accepted as 
cornerstones of patient care. Special circumstances of car-
diac arrest (eg, pediatric, out-of-hospital, in-hospital, drowning) 
may require consensus on more substantial modifications. 
Interestingly, only 3 publications assessed the impact of the 
Chain of Survival on outcomes,603,770,771 but the exact role 
the chain played in altering outcomes, if any, is unclear.

Figure 7. The basic Chain of Survival with 6 links.
CA indicates cardiac arrest; and CPR, cardiopulmonary resuscitation.
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The EIT Task Force concluded that a version of the 
classic Chain of Survival with 6 links (as currently pro-
posed by the American Heart Association;718 Figure 7) is 
a sensible choice as a cognitive aid for laypeople in educa-
tion and awareness campaigns to convey the message of 
needed actions to save lives. If needed, modified versions 
of the chain for specific situations like drowning or trauma 
might also be acceptable. The task force also thought that 
ILCOR, as the international body on resuscitation, should 
provide the basic structure of this framework. National and 
regional resuscitation councils can provide regional appli-
cations for their implementation strategies.

Knowledge Gaps
•	 Whether there is a need for revising the classic 

Chain of Survival
•	 Who the Chain of Survival is targeted toward (cli-

nicians, scientists, laypeople, stakeholders, or all of 
them), if laypeople need a simpler Chain of Survival 
than health care professionals do, and how it should 
be used optimally (a depiction of local systems to 
save lives, an educational framework, a cognitive aid)

•	 Which of the various published Chains of Survival 
should be used by default; a comprehensive system 
could be evaluated for applicability in the future

•	 The impact of various kinds of Chains of Survival 
on educational outcomes, clinical outcomes, and 
patient survival

Clinician Workload and Stress During 
Resuscitation (EIT 6401: ScopRev)
Rationale for Review
The workload and stress health care professionals might 
experience during resuscitation have the potential to 
affect the performance of individual rescuers or the re-
suscitation team.772,773 This ScopRev investigated what 
variables influence (ie, increase or decrease) health care 
professional workload and stress during cardiac arrest, 
in both real-world and simulated scenarios.774 The full re-
port of the ScopRev can be found online.775

Population, Exposure, Comparator, Outcome, Study 
Design, and Time Frame

•	 Population: Health care professionals performing 
resuscitation on patients in cardiac arrest in clinical 
settings or on manikins in a simulated setting

•	 Exposure: Presence of any factors that would pos-
sibly impact the health care professional’s perceived 
workload or stress

•	 Comparator: Absence of the specific factor
•	 Outcome: Objective or subjective measures of 

workload or stress experienced by health care pro-
fessionals during resuscitations

•	 Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, con-
trolled before-and-after studies, cohort studies), 

unpublished studies (eg, conference abstracts, 
trial protocols), letters, editorials, comments, case 
reports, gray literature, and social media were eli-
gible for inclusion. All relevant publications in any 
language were included as long as there was an 
English abstract available.

•	 Timeframe: From inception to April 21, 2023

Summary of Evidence
We included 21 studies,634,642,776–794 including 17 
RCTs,634,642,777,779–789,792–794 2 nonrandomized trials,778,791 
and 2 observational studies.776,790 Because of heteroge-
neity in study design, SysRev with meta-analysis could 
not be performed. Study characteristics and key findings 
are provided in table form in the published review and 
online.775 All but 2 studies776,790 were simulation studies.

The NASA Task Load Index634,777,779–782,785–794 was used 
to measure subjective workload, and the State-Trait 
Anxiety Inventory784 and structured survey questions45 
were used to measure stress. Physiologic stress mark-
ers included salivary cortisol, α-amylase levels, heart 
rate, and BP.778,789 Variables influencing perceived stress 
or workload were categorized into (1) team composition 
and roles, (2) telemedicine, (3) workflows, (4) tools like 
CPR-feedback devices, (5) cognitive aids, (6) presence 
of friends and families, and (7) clinician experience and 
exposure. Findings by category include the following:

•	 Team composition and roles: A dedicated nursing 
team leader alleviated the medical team leader’s work-
load during resuscitation.794 CPR coaches decreased 
mental workload and increased physical workload 
among CPR providers788 but did not impact the team 
leader’s workload.782,788 In real pediatric resuscitations, 
the team leader reported higher mental load, whereas 
chest compressors had higher physical workload.776

•	 Telemedicine: Remotely led resuscitation teams 
experienced higher-overall workload and mental 
demand compared with on-site leading.780 Active 
remote team leaders versus a remote consultant on 
request increased workload for team members with 
teleconsulting only.792

•	 Workflows: Adjustment of workflows (prioritizing 
chest compression automation with mechanical 
CPR device793), or deliberate reorientation with task-
focusing questions,783 reduced perceived workload 
and stress in simulation.

•	 Tools: The use of ventilation feedback devices or chest 
compression feedback devices increased workload 
for CPR providers.777 Real-time feedback devices had 
no effect on team leaders, while chest-compressing  
CPR providers reported higher workloads.785 
Interestingly, equipment failure (defective defibrillator) 
in simulation did not increase stress for the team.789

•	 Cognitive aids and smart apps: A smart app 
designed to help drug preparation reduced acute 
stress in paramedics in simulated pediatric cardiac 
arrest.784 A smart app with a resuscitation algorithm 
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did not increase workload for team leaders.791 A 
tablet-based decision support tool’s effect on work-
load was inconclusive because the increase in 
workload disappeared later during simulation.786

•	 Family presence and socioemotional stress: 
Presence of next of kin increased mental demands 
but did not change physical demands in simula-
tion.781 An observational study of real pediatric 
resuscitations showed lower workload when at least 
1 parent was present.790 This is in accordance with 
an ILCOR CoSTR on family presence during resus-
citation in pediatric and neonatal cardiac arrest.795,796

•	 Clinician experience: A quasi-experimental study found 
no association between level of clinical experience and 
subjective stress and physiologic parameters among 
nursing students during resuscitation simulation.778

Task Force Insights
In these studies, designated medical team leaders tended 
to experience increased workload, which was attenuated by 
assistance from senior nurse leaders. However, additional 
CPR coaches did not affect the team leader’s overall work-
load, and remote team leaders increased team workload. A 
goal-directed approach or use of task-focusing questions 
during resuscitations can reduce perceived workload or 
stress for the team. External support from cognitive aids 
reduced stress and workload, but workload was sometimes 
higher with first use. Therefore, introducing new equipment 
could potentially impose an additional cognitive burden if 
the users are not adequately familiarized with it.

The factors identified in this review (team composition 
and roles, workflows, tools, telemedicine, cognitive aids, 
smart apps, and socioemotional stress) represent potential 
modifiable elements. Adjusting these factors could alleviate 
or increase their impact on workloads or stress and, conse-
quently, on resuscitation performance as well. However, there 
may be additional factors influencing the workload of resus-
citation team members that were not covered in our review.797

Given the few studies specifically designed to manipu-
late workload and its impact on resuscitation performance, 
and that stress and workload may affect individuals’ per-
formance differently, the task force did not include resus-
citation performance in this review to avoid incorrect 
conjecture and to maintain the integrity of the results.

Knowledge Gaps
•	 The association between workload/stress and resus-

citation performance; more well-crafted experimental 
studies exploring the relationship between workload 
and performance of resuscitation teams are needed 
to gain more insight into this complex interaction

•	 Health care professionals’ workload or stress during 
resuscitation on actual patients and how such work-
load and stress are associated with patient outcome

•	 The influence of personal factors, contextual fac-
tors, and clinical experience in mitigating the impact 
of external stressors and perceived workload

Scripted Debriefing Compared With 
Nonscripted Debriefing in Resuscitation 
Training (EIT 6413: ScopRev)
Rationale for Review
Debriefing conducted during simulation-based training 
improves provider knowledge, clinical performance, and 
nontechnical skills performance.798–803 Studies assessing 
the impact of debriefing after cardiac arrest events dem-
onstrate improved provider performance,804,805 while de-
briefings informed by clinical data have been associated 
with enhanced survival outcomes from cardiac arrest.806,807 
Many different debriefing frameworks have been devel-
oped and implemented, leading to variability in how de-
briefing is conducted across programs and institutions.808

Debriefing scripts and tools have been developed to 
help standardize the approach to debriefing during resus-
citation training. While their use has gained traction in 
both educational809,810 and clinical settings,811–813 the ben-
efits of debriefing scripts in resuscitation education have 
not been clearly delineated, prompting this ScopRev.814 
The full report of the ScopRev can be found online.815

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Health care professionals or laypeople 
receiving resuscitation training (primary) and instruc-
tors teaching resuscitation courses (secondary)

•	 Intervention: Debriefing with a cognitive aid, check-
list, script, or tool

•	 Comparator: Debriefing without the use of a cogni-
tive aid, checklist, script, or tool

•	 Outcome: Patient outcome, improved resuscitation 
performance in clinical environments, improved learn-
ing outcomes (knowledge and skill acquisition and 
retention), satisfaction of learning, quality of teach-
ing/debriefing, workload/cognitive load of debriefer

•	 Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, confer-
ence abstracts, trial protocols) and gray literature 
were excluded. All relevant publications in any 
language were included as long as there was an 
English abstract available.

•	 Time frame: All years to April 18, 2023

Summary of Evidence
Six studies (5 RCTs809,816–819 and 1 quasi-experimental 
study820) were included in this review. Details of the in-
cluded studies are summarized in the published review 
and online.814,815 No studies evaluated patient outcomes 
or provider performance on real patients.

Three studies used pediatric resuscitation scenar-
ios809,817,818 and 3 others adult scenarios816,819,820 as the 
trigger for the debriefing. Five studies809,816–818,820 used a 
debriefing script, including debriefing framework, topics 
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Table 24.  Summary of Education, Implementation, and Teams Evidence Updates

Topic/PICO
Year last 
updated Existing treatment recommendation

RCTs since 
last review

Observational 
studies since last 
review Key findings

Sufficient data to 
warrant SysRev?

EMS experience 
and exposure (EIT 
6104: EvUp)

2021 We suggest that EMS systems (1) 
monitor their clinical personnel’s ex-
posure to resuscitation and (2) imple-
ment strategies, where possible, to 
address low exposure or ensure that 
treating teams have members with re-
cent exposure (weak recommendation, 
very low–certainty evidence).

None None None No

Patient outcomes 
of team member 
attending a CPR 
course (EIT 6106: 
EvUp)

2022 We recommend the provision of ac-
credited ALS training (ACLS, ALS) for 
health care providers who provide ALS 
care for adults (strong recommenda-
tion, very low–certainty evidence).

We recommend the provision of ac-
credited courses in NRT (NRT, NRP) 
and HBB for health care providers 
who provide ALS care for newborns 
and babies (strong recommendation, 
very low–certainty evidence).

We have made a discordant recom-
mendation (strong recommendation 
despite very low–certainty evidence) 
because we have placed a very high 
value on an uncertain but potentially 
life-preserving benefit, and the inter-
vention is not associated with prohibi-
tive adverse effects.

None 2 pre-post studies; 
one on implementa-
tion of newborn re-
suscitation trainings 
in Nepal (HBB) and 
one on training of 
health care profes-
sionals on neonatal 
outcomes in the 
delivery room in 
Brazil.

Decreases in intra-
partum stillbirths, 
neonatal deaths 
(within first 24 h), 
sick newborns trans-
ferred from maternity 
unit; for all P<0.001. 
No differences were 
observed in neonatal 
deaths after 24 h.

Items required for 
neonatal resusci-
tation increased 
postintervention 
substantially. Deliv-
ery room mortality 
rate decreased by 
73%.

No

Willingness to 
provide CPR (EIT 
6304: EvUp)

2021 To increase willingness to perform 
CPR, laypeople should receive training 
in CPR. This training should include 
the recognition of gasping or abnormal 
breathing as a sign of cardiac arrest 
when other signs of life are absent. 
Laypeople should be trained to start 
resuscitation with chest compressions 
in adult and pediatric individuals. If 
unwilling or unable to perform ventila-
tion, rescuers should be instructed 
to continue compression-only CPR. 
EMS dispatchers should provide CPR 
instructions to callers who report 
cardiac arrest. When providing CPR 
instructions, EMS dispatchers should 
include recognition of gasping and ab-
normal breathing (ILCOR 2020, 2022 
CoSTR, unchanged from 2010).

None 37 observational 
studies: 23 studies 
explored factors 
linked to bystander 
CPR or AED use, 
and 14 studies fo-
cused on the  
COVID-19 pandem-
ic. These studies in-
cluded patients with 
OHCA who receive 
bystander CPR, 
with the thought 
that bystanders 
were less likely to 
perform CPR dur-
ing the COVID-19 
pandemic.

These factors had 
already been identi-
fied in the 2020 
scoping review and 
the 2021 EvUp.

Yes. However, the 
PICOST needs to 
be refined.

A separation is 
needed in a SysRev 
between factors 
associated with 
OHCA patients 
receiving CPR (eg, 
community level) 
and factors associ-
ated with bystand-
ers performing CPR 
and AED use (eg, 
personal level).

Implementation 
of guidelines in 
communities (EIT 
6306: EvUp)

2021 This treatment recommendation 
remains unchanged since 2015: 
We recommend implementation of 
resuscitation guidelines within organi-
zations that provide care for patients 
in cardiac arrest in any setting (strong 
recommendation, very low–quality 
evidence).

None 2: 1 study in neo-
natal resuscitation 
in low-resource set-
tings, and another 
reported on the 
World Restart a 
Heart campaign

No significant effect 
on survival rates; 
at least 302 million 
people received 
CPR training

No

Debriefing of re-
suscitation perfor-
mance (EIT 6307: 
EvUp)

2021 We suggest data-driven, performance-
focused debriefing of rescuers after 
IHCA for both adults and children 
(weak recommendation, very low–
certainty evidence).

We suggest data-driven, performance-
focused debriefing of rescuers after 
OHCA in both adults and children 
(weak recommendation, very low–
certainty evidence).

None None NA No

(Continued )
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Topic/PICO
Year last 
updated Existing treatment recommendation

RCTs since 
last review

Observational 
studies since last 
review Key findings

Sufficient data to 
warrant SysRev?

CPR feedback 
devices during 
training (EIT 6404: 
EvUp)

2022 We suggest the use of feedback de-
vices that provide directive feedback 
on compression rate, depth, release, 
and hand position during CPR training 
(weak recommendation, low-certainty 
evidence). If feedback devices are not 
available, we suggest the use of tonal 
guidance (eg, music or metronome) 
during training to improve compression 
rate only (weak recommendation, low-
certainty evidence).

4: 2 RCTs in 
BLS in health 
care profes-
sionals.

2 RCTs in  
simulation-
based cardiac 
arrest training: 
1 included 
augmented-
reality CPR 
feedback de-
vices, and the  
other assessed 
infant CPR  
performance

1 pre-post cohort 
study

For RCTs: Feedback 
devices improve 
CPR-quality metrics, 
including long-term 
retention.

Augmented reality–
assisted feedback 
results in better per-
formance in all CPR-
quality metrics.

Simulated infant 
CPR performance 
with a real-time 
feedback device 
was similar to CPR 
without such de-
vices.

For the observa-
tional study, defi-
brillator with CPR 
feedback features: 
Code teams achieve 
higher adherence to 
AHA guidelines for 
chest compression 
rate and chest com-
pression fraction.

Yes

Blended-learning 
approach for life 
support education 
(EIT 6409: EvUp)

2021 We recommend a blended-learning as 
opposed to nonblended approach for 
life support training when resources 
and accessibility permit its implemen-
tation (strong recommendation, very 
low–certainty evidence).

None 1: cross-sectional 
cohort study on 
BLS blended learn-
ing in a classroom 
vs remote virtual 
attendance

Remote and class-
room blended learn-
ing was not different 
in chest compres-
sion release, depth, 
or rate scores.

Retakes of the final 
assessment were 
higher in remote 
blended learning.

No

High-fidelity train-
ing for resuscita-
tion (EIT 6410: 
EvUp)

2021 We suggest the use of high-fidelity 
manikins when training centers/organi-
zations have the infrastructure, trained 
personnel, and resources to maintain 
the program (weak recommendations, 
very low–quality evidence). If high-
fidelity manikins are not available, we 
suggest that the use of low-fidelity 
manikins is acceptable for standard 
ALS training in an educational setting 
(weak recommendations, low-quality 
evidence).

2: 1 pilot 
study of 
manikins 
with slightly 
increased fi-
delity vs none 
in 15 nursing 
students.

50 ACLS-
certified third-
year medical 
students; 
high-fidelity 
simulator vs 
traditional 
manikin

None No difference in 
CPR quality param-
eters (no statistics 
reported and no 
difference in self-
report confidence 
questionnaire; 
higher scores 
for procedures 
with high-fidelity 
manikins, and in a 
pre- and postinter-
vention confidence 
questionnaire.

No

ACLS indicates advanced cardiovascular life support; AED, automated external defibrillator; AHA, American Heart Association; ALS, advanced life support; BLS, 
basic life support; CoSTR, Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations; CPR, cardio-
pulmonary resuscitation; EIT, Education, Implementation, and Teams; EMS, emergency medical services; EvUp, evidence update; HBB, Helping Babies Breathe; IHCA, 
in-hospital cardiac arrest; ILCOR, International Liaison Committee on Resuscitation; NRP, Neonatal Resuscitation Program; NRT, neonatal resuscitation training; OHCA, 
out-of-hospital cardiac arrest; PICO, population, intervention, comparator, outcome; PICOST, population, intervention, comparator, outcome, study design, time frame; RCT, 
randomized controlled trial; and SysRev, systematic review.

Table 24.  Continued
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for discussion, and suggested phrasing; the other RCT819 
did not use suggested phrases. Only 1 study incorporated 
CPR-quality parameters as objective data.818 Only 4 stud-
ies trained the debriefer in the use of the script.816–818,820 
The PEARLS tool (Promoting Excellence and Reflective 
Learning in Simulation)816,818,820 was used most often, 
followed by advocacy-inquiry,809,817 and then the gather-
analyze-summarize model.819 A multicenter trial reported 
that scripting led to debriefings of higher quality, with sig-
nificant effects in novices,817 whereas another RCT found 
no difference when using a PEARLS script.816 The latter 
study found reduced cognitive load with script debriefing 
for novice debriefers (ie, simulation fellows).

Data-informed, PEARLS-scripted debriefing after 
a simulated pediatric cardiac arrest scenario improved 
learning outcomes (excellent CPR, guideline-compliant 
depth, chest compression fraction, perishock pause) in 
1 RCT.818 A study including medical and nursing stu-
dents showed no difference in teamwork performance 
comparing scripted with nonscripted debriefings.819 A 
multicenter RCT of health care professionals reported 
improved team leadership skills and improved knowledge 
acquisition but no difference in clinical performance 
scores with scripted debriefing by novice instructors.809

Task Force Insights
All studies had significant heterogeneity in design and imple-
mentation of scripted debriefing interventions (eg, blended 
method and framework of debriefing,816,818,820 single debrief-
ing method like advocacy inquiry809,817). There were differ-
ences in the methods of familiarization of facilitators with 
scripts (from handing the debriefing script to facilitators be-
fore debriefing to comprehensive debriefing training). These 
variables may have contributed to the variability in results.

Our ScopRev did not identify any studies reporting 
patient or process outcomes in real resuscitations. Only 
1 study integrated CPR performance metrics directly into 
the debriefing script,818 enabling a direct link between 
debriefing to clinically relevant performance metrics, 
which might enhance the overall impact of debriefing 
during resuscitation education.818

2024 Good Practice Statement
Consider using debriefing scripts to support instructors 
during debriefing in resuscitation programs because they 
may improve learning and performance. Instructors need 
to ensure they have a complete understanding of how the 
debriefing script should be used (good practice statement).

Knowledge Gaps
•	 The relative and synergistic effect of scripted word-

ing versus data-informed debriefing during resusci-
tation training

•	 The impact of scripted debriefing on knowledge and 
skill retention

•	 The impact of scripted debriefing during training on 
patient or process outcomes in real resuscitations

•	 The importance of debriefer adherence to debrief-
ing scripts and its influence on learning and perfor-
mance outcomes

•	 The influence of debriefer experience and learner 
characteristics on the impact of debriefing scripts

•	 The impact of linking the content of debriefing 
scripts to clinically important metrics and clinically 
relevant outcomes

EIT Topics Reviewed by EvUps
Topics reviewed by EvUps are summarized in Table 24. 
Complete EvUps can be found in Appendix B.

FIRST AID
Use of Supplemental Oxygen in First Aid 
(ScopRev FA1649)
Rationale for Review
Training in oxygen administration is typically not included 
in standard first aid courses but is sometimes offered in 
a separate first aid oxygen course. In the first aid setting, 
oxygen use has been described for loss of conscious-
ness, diving emergencies, carbon monoxide poisoning, 
and during cardiac arrest. A 2015 CoSTR821,822 followed 
by a 2022 ScopRev146 identified evidence of potential 
harm with oxygen use in acute exacerbations of chronic 
obstructive pulmonary disease (COPD) but used limited 
search dates and broad exclusion criteria. The current 
ScopRev expands the search dates and inclusion crite-
ria. Topics recently reviewed were once again excluded, 
such as the use of supplemental oxygen in acute coro-
nary syndrome,823 suspected stroke,824 drowning,825 and 
after the return of spontaneous circulation after cardiac 
arrest.826 The full ScopRev can be found online.827

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults and children who exhibit symp-
toms or signs of shortness of breath, difficulty 
breathing, or hypoxia outside of a hospital

•	 Intervention: Administration of oxygen by a first aid 
provider

•	 Comparator: No administration of oxygen
•	 Outcomes: Functional outcome at discharge, 30 days, 

60 days, 180 days, or 1 year; survival only at discharge, 
30 days, 60 days, 180 days, or 1 year; length of hospital 
stay; resolution of symptoms or signs; patient comfort; 
therapeutic endpoints (eg, oxygenation, ventilation)

•	 Study designs: RCTs and non-randomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies), case 
series, and reports in English were eligible for inclu-
sion. Non–peer-reviewed studies, unpublished 
studies, conference abstracts, evidence-based 
guidelines, trial registries, and protocols were eli-
gible for inclusion.
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•	 Time frame: All dates to July 2023. The literature 
search was updated on December 1, 2023

Summary of Evidence
The search identified 3305 records, of which 31 under-
went full-text review. No articles that directly addressed 
the PICOST were identified. The articles identified related 
to 3 main areas: supplemental oxygen for the treatment 
of carbon monoxide poisoning in the out-of-hospital set-
ting (n=6), supplemental oxygen in the treatment of de-
compression injuries/illness in divers using compressed 
gas (n=11), and titrated oxygen in the treatment of peo-
ple with an acute exacerbation of COPD (n=13). One 
article was identified that reviewed the supplemental use 
of oxygen in the out-of-hospital management of spinal 
cord injury.828

For the use of supplemental oxygen in acute exacer-
bations of COPD, we identified 2 SysRevs,829,830 1 cluster 
RCT,831 1 commentary on the same RCT,832 5 observa-
tional studies,833–837 1 literature review,838 3 evidence-
based guidelines,839–841 and 1 registered with associated 
published study protocol for an ongoing trial.842,843 In the 
cluster RCT,831 405 patients with suspected acute exac-
erbations of COPD in the out-of-hospital setting were 
treated either with high-flow oxygen (defined as 8–10 
L/min by nonrebreathing face mask and nebulized bron-
chodilators administered with oxygen at 6–8 L/min) 
or with titrated oxygen delivered by nasal cannula to 
achieve oxygen saturations between 88% and 92% and 
nebulized bronchodilators administered with compressed 
air and delivered with a face mask placed over the nasal 
cannula. In the intention-to-treat analysis for the sub-
group of 214 patients with confirmed COPD, mortality 
rate was 9% (11/117) in the high-flow arm compared 
with 2% (2/97) in the titrated oxygen group (RR, 0.22; 
95% CI, 0.05–0.91; P=0.04).

The remaining observational studies of oxygen admin-
istration for acute exacerbations of COPD in the out-of-
hospital setting reported mixed results and were noted to 
have significant within-study confounders and heteroge-
neity between the studies.833–837

For the use of supplemental oxygen for carbon mon-
oxide poisoning in the out-of-hospital setting, no clinical 
studies were identified. One older case series844 reported 
the prehospital and in-hospital management and clinical 
course of 206 patients with carbon monoxide poison-
ing, whereas 4 literature reviews845–848 and 1 guide-
line849 focused on in-hospital management. All articles 
commented on the need for immediate treatment with 
supplemental high-concentration oxygen.

For the use of supplemental oxygen for diving emer-
gencies, 3 case series850–852 described use of oxygen in 
decompression sickness, with 1 case series852 specifically 
describing the use of first aid oxygen in 1045 cases in a 
sequential series of 2231 diving injury reports. The median 
time for oxygen administration was 2.2 hours after symp-

tom onset and 4 hours after surfacing. First aid oxygen 
was reported to be associated with persistent complete 
relief in 14% and improvement of symptoms in 51%. The 
odds of multiple recompression treatments were reduced 
when oxygen was given at any time after surfacing (OR, 
0.83; 95% CI, 0.70–0.98). The remaining articles identi-
fied in the search were literature reviews,853–858 a medical 
journal summarizing other articles,859 and 1 experimental 
study860 in healthy divers to compare tissue oxygenation 
levels while breathing oxygen by using different noninva-
sive delivery devices and oxygen flow rates.

A summary of all articles identified can be found in 
supplementary Tables 2 through 4 in Appendix C.

Task Force Insights
This ScopRev did not identify evidence to suggest for or 
against the first aid administration of oxygen for adults or 
children with signs or symptoms of difficulty breathing. 
However, we specifically excluded the use of supple-
mental oxygen in several settings because these indica-
tions have been covered in recent reviews. The studies 
included are from the out-of-hospital setting, and the evi-
dence is considered indirect to the population of first aid 
providers trained in oxygen use.

The 1 RCT831 identified that evaluated the use of 
out-of-hospital titrated versus high-flow oxygen in acute 
exacerbations of COPD reported a 78% reduction in 
mortality rate with the use of titrated oxygen in the out-
of-hospital setting. In task force discussions, there was 
concern about the potential for harm if high-flow oxygen 
was withheld from patients with acute exacerbations of 
COPD and life-threatening hypoxemia. Task force mem-
bers emphasized the need for first aid providers trained 
in oxygen delivery to use pulse oximetry and to recognize 
that high-flow oxygen may be necessary if oxygen satu-
rations are <88%. An update to the good practice state-
ment on this topic reflects this concern.

There was insufficient evidence identified to pursue 
SysRevs related to oxygen use in the first aid setting for 
carbon monoxide poisoning, diving emergencies, general 
signs and symptoms of shortness of breath or difficulty 
breathing, or any other specific condition.

Prior Good Practice Statement (2023)
If first aid providers, trained to use oxygen, are administer-
ing supplemental oxygen to a person with known COPD, 
they should titrate the supplemental oxygen to maintain 
the oxygen saturation by pulse oximetry between 88% 
and 92% (good practice statement).146

2024 Good Practice Statement
When a first aid provider trained in oxygen use admin-
isters oxygen to a person with acute difficulty breathing 
who confirms that they have chronic obstructive pulmo-
nary disease, it is suggested that pulse oximetry be used 
and that oxygen be titrated to maintain an oxygen satura-
tion between 88% and 92% (good practice statement).
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Table 25.  Summary of First Aid Evidence Updates

Topic/PICO
Year last 
updated Existing treatment recommendation

RCTs since 
last review

Observational 
studies since 
last review Key findings

Sufficient data to 
warrant SysRev?

Stroke rec-
ognition (FA 
7170)

2020 We recommend that first aid providers use 
stroke assessment scales/tools for adults with 
suspected acute stroke (strong recommenda-
tion, low-certainty evidence).

For first aid, we suggest the use of FAST, 
MASS, CPSS or LAPSS scales/tools for stroke 
assessment (weak recommendation, low-
certainty evidence).

For first aid, we suggest the use of stroke 
assessment scales/tools that include blood 
glucose measurement when available, such 
as MASS or LAPSS, to increase specificity of 
stroke recognition (weak recommendation, low-
certainty evidence).

For first aid, we suggest the use of FAST or 
CPSS stroke assessment scales/tools when 
blood glucose measurement is unavailable 
(weak recommendation, low-certainty evidence).

0 4 None of the new studies of 
established stroke scoring 
systems, or of new stroke 
scoring systems, offer any 
improvement in the public 
recognition of stroke by lay 
public or first aid provider.

No

Oxygen 
in stroke 
(FA7031)

2021 For adults with suspected acute stroke, we sug-
gest against the routine use of supplementary 
oxygen in the first aid setting compared with no 
use of supplementary oxygen (weak recommen-
dation, low- to moderate-certainty evidence).

2 1 One RCT on high-flow 
oxygen compared with no 
oxygen found no significant 
difference in global disabil-
ity scores. Another RCT 
found better outcomes 
with normobaric hyperoxia 
compared with room air.

Yes

Dental avul-
sion

(FA 7361)

2020 We suggest the use of HBSS, propolis (from 
0.04 mg to 2.5 mg per mL 0.4% ethanol), oral 
rehydration salt solutions including Ricetral (oral 
rehydration salt solutions containing sodium 
chloride, glucose, potassium chloride, citrate 
[or extruded rice]), or cling film compared with 
any form of cow’s milk for temporary storage 
of an avulsed tooth that cannot be immediately 
replanted (weak recommendation, very low–cer-
tainty evidence). If none of the above choices 
are available, we suggest the use of cow’s milk, 
any percent fat or form, compared with tap 
water, buttermilk, castor oil, turmeric extract, or 
saline (sodium chloride) for temporary storage 
of an avulsed tooth (weak recommendation, very 
low–certainty evidence).

There is insufficient evidence to recommend for 
or against temporary storage of an avulsed tooth 
in saliva compared with alternative solutions.

There is insufficient evidence to recommend for 
or against temporary storage of an avulsed tooth 
in probiotic media, epigallocatechin-3-gallate, 
Dentosafe box, or egg white compared with 
cow’s milk.

1 2 One RCT found that, 
in general, PDL viability 
was better at the cooler 
temperature for all storage 
media, except HBSS. Milk 
was the most effective, 
followed by propolis and 
HBSS at 5 °C, but at 20 
°C, HBSS was the most 
effective, followed by milk. 
Results from each of the 
observational studies sug-
gested that propolis, as 
well as cow and almond 
milk, can be alternative 
storage mediums.

No

Second dose 
of epineph-
rine for ana-
phylaxis

(FA 7111)

2021 We suggest a second dose of epinephrine be 
administered by autoinjector to adults and chil-
dren with severe anaphylaxis whose symptoms 
are not relieved by an initial dose (weak recom-
mendation, very low–quality evidence).

0 1 Observational study iden-
tifying that 29% (n=11) 
needed 2 doses and 5% 
(n=2) needed 3 doses of 
epinephrine.

No

Naloxone for 
opioid emer-
gencies

(FA7442)

2020 We suggest that CPR be started without delay 
in any unconscious person not breathing nor-
mally and that naloxone be used by lay rescuers 
in suspected opioid-related respiratory or circu-
latory arrest (weak recommendation based on 
expert consensus).

0 0 N/A No

(Continued )
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Although high-flow oxygen should in general be 
avoided in patients with chronic obstructive pulmonary 
disease with difficulty breathing in the out-of-hospital 
setting, high-flow oxygen should not be withheld in the 
presence of life-threatening hypoxemia (oxygen satura-
tion <88%; good practice statement).

Recognition of Sepsis (ScopRev FA 7180)
Rationale for Review
A significant proportion of preventable deaths worldwide 
are caused by sepsis, and early detection and treatment 

is beneficial. No prior review has been undertaken, and in 
2022, the task force elected by consensus to undertake 
a ScopRev on the recognition and awareness of sepsis by 
first aid providers evaluating adults with an acute illness.861 
The full text of this ScopRev can be found online.862

Population, Intervention, Comparator, Outcome, 
Study Design, and Time Frame

•	 Population: Adults who are being evaluated by a 
first aid provider for an acute illness

•	 Intervention: The presence of any specific signs 
or symptoms (ie, pale, blue, or mottled skin, lips, 

Topic/PICO
Year last 
updated Existing treatment recommendation

RCTs since 
last review

Observational 
studies since 
last review Key findings

Sufficient data to 
warrant SysRev?

Exertion-
related dehy-
dration and 
rehydration 
(FA7241)

2022 We recommend the use of any readily available 
rehydration drink or water for treating exertion-
related dehydration in the first aid setting (good 
practice statement).

We suggest rehydration for exertion-related 
dehydration with a 4% to 9% CED. Alternative 
rehydration options include 0% to 3.9% CEDs, 
water, coconut water, or skim or low-fat cow’s 
milk (weak recommendation, very low–certainty 
evidence).

There is insufficient evidence to recommend 
for or against rehydration with beer (0%–5% 
alcohol).

2 0 One RCT found that the 
percentage of fluid re-
tained at 3.5 h after inges-
tion of a sports drink was 
statistically significantly 
higher than after ingestion 
of water.

In a second RCT that 
compared green tea with 
water, no differences in 
body fluid balance and cu-
mulative urine output were 
observed.

No

Counter-
pressure ma-
neuvers for 
prevention of 
syncope

FA7550

2021 We recommend the use of any type of physical 
counter-pressure maneuver by individuals with 
acute symptoms of presyncope due to vasova-
gal or orthostatic causes in the first aid setting 
(strong recommendation, low-certainty and very 
low–certainty evidence).

We suggest that lower body physical counter-
pressure maneuvers are preferable to upper 
body and abdominal physical counter-pressure 
maneuvers (weak recommendation, very low–
certainty evidence).

1 0 1 unblinded RCT; 0/15 
using physical maneuvers 
had syncope compared 
with 5/15 in control arm.

No

Recovery 
position 
(FA7040)

2021 When providing first aid to a person with a de-
creased level of responsiveness of nontraumatic 
pathogenesis and who does not require immedi-
ate resuscitative interventions, we suggest the 
use of the recovery position (weak recommen-
dation, very low–certainty evidence).

When the recovery position is used, monitoring 
should continue for signs of airway occlusion, 
inadequate or agonal breathing, and unrespon-
siveness (good practice statement).

If body position, including the recovery position, 
is a factor impairing the first aid provider’s ability 
to determine the presence or absence of signs 
of life, the person should be immediately posi-
tioned supine and reassessed (good practice 
statement).

People found in positions associated with as-
piration and positional asphyxia, such as face 
down, prone, or in neck and torso flexion posi-
tions, should be repositioned supine for reas-
sessment (good practice statement).

0 0  No

CED indicates carbohydrate-electrolyte drink; CPR, cardiopulmonary resuscitation; CPSS, Cincinnati Prehospital Stroke Scale; FAST, Face, Arm, Speech, Time to call; 
HBSS, Hank’s Balanced Salt Solution; LAPSS, Los Angeles Prehospital Stroke Scale; MASS, Melbourne Ambulance Stroke Screen; PDL, periodontal ligament; and 
RCT, randomized controlled trial.

Table 25.  Continued
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tongue, gums, or nails; nonblanching rash; difficulty 
breathing or rapid respiratory rates; rigors/shiver-
ing; lack of urination in a day; muscle pain; confu-
sion; or slurred speech)

•	 Comparator: Fever (≥38 °C, 100.4 ° F) with signs of 
infection

•	 Outcomes: Recognition of a seriously ill person 
requiring hospitalization or evaluation by a physician 
for sepsis and increased awareness of sepsis

•	 Study designs: RCTs and non-randomized stud-
ies (non-RCTs, interrupted time series, controlled 
before-and-after studies, cohort studies) were eligi-
ble for inclusion. Gray literature, social media posts, 
non–peer-reviewed studies, unpublished studies, 
conference abstracts, and trial protocols were eli-
gible for inclusion. All relevant publications in any 
language were included as long as there was an 
English abstract.

•	 Time frame: From database inception through 
December 2, 2023

Summary of Evidence
There were insufficient studies to support a SysRev. Stud-
ies that were selected for inclusion evaluated physiologic 
variables that a lay provider could obtain in a first aid 
setting, such as temperature, heart rate, and respiratory 
rate, either in isolation or when assessing by using clini-
cal scoring tools. It was noted that online resources that 
focused on educating the public on sepsis recognition 
listed presenting signs and symptoms of sepsis under 9 
general categories: temperature (fever or hypothermia), 
neurologic (change in mental state, dizziness, slurred 
speech), musculoskeletal (severe muscle pain, extreme 
shivering), urologic (poor urine output), respiratory (rapid 
breathing or breathlessness), skin (clammy/sweaty, new 
rash, mottled or discolored), cardiac (elevated heart rate), 
gastrointestinal (nausea, vomiting, diarrhea), and subjec-
tive (feeling very unwell or impending sense of doom). 
However, there was variability as to which signs or symp-
toms were highlighted by each campaign or organization.

Task Force Insights
Given the lack of any direct studies, the task force agreed 
to include studies that were performed in either the pre-
hospital setting by emergency medical service providers 
or the in-hospital setting, using extrapolated data to sug-
gest relevance to the first aid setting. Despite the use 
of early warning scoring tools to assist in the detection 
of sepsis, sepsis recognition by trained clinicians in the 
health care setting remains challenging. Additionally, the 
definition of sepsis and the criteria defining sepsis con-
tinue to change. Therefore, it was felt by the task force 
that it was beyond the scope of a first aid provider to 
recognize and subsequently diagnose an acute illness as 
sepsis. Because sepsis cannot occur without an infec-
tion, a more reasonable expectation of a lay provider is 
to suspect an infection in a person presenting with an 

acute illness. Therefore, those providing first aid should 
consider an infection in any person who presents with 
an acute illness, and if the illness is associated with any 
abnormal signs or symptoms, they should urgently seek 
further medical evaluation.

2024 Good Practice Statement
Those providing first aid should consider an infection in 
any person who presents with an acute illness, and if the 
illness is associated with any abnormal signs or symp-
toms, they should urgently seek further medical evalua-
tion (good practice statement).

Topics Reviewed by Evidence Updates
Topics reviewed by EvUps are summarized in Table 25. 
Complete EvUps can be found in Appendix B.
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