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ABSTRACT: This is the sixth annual summary of the International Liaison Committee on Resuscitation International Consensus
on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations. This
summary addresses the most recently published resuscitation evidence reviewed by International Liaison Committee on
Resuscitation Task Force science experts. Topics covered by systematic reviews include cardiopulmonary resuscitation
during transport; approach to resuscitation after drowning; passive ventilation; minimizing pauses during cardiopulmonary
resuscitation; temperature management after cardiac arrest; use of diagnostic point-of-care ultrasound during cardiac
arrest; use of vasopressin and corticosteroids during cardiac arrest; coronary angiography after cardiac arrest; public-access
defibrillation devices for children; pediatric early warning systems; maintaining normal temperature immediately after birth;
suctioning of amniotic fluid at birth; tactile stimulation for resuscitation immediately after birth; use of continuous positive
airway pressure for respiratory distress at term birth; respiratory and heart rate monitoring in the delivery room; supraglottic
airway use in neonates; prearrest prediction of in-hospital cardiac arrest mortality; basic life support training for likely
rescuers of high-risk populations; effect of resuscitation team training; blended learning for life support training; training and
recertification for resuscitation instructors; and recovery position for maintenance of breathing and prevention of cardiac
arrest. Members from 6 task forces have assessed, discussed, and debated the quality of the evidence using Grading of
Recommendations Assessment, Development, and Evaluation criteria and generated consensus treatment recommendations.
Insights into the deliberations of the task forces are provided in the Justification and Evidence-to-Decision Framework
Highlights sections, and priority knowledge gaps for future research are listed.
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Liaison Committee on Resuscitation (ILCOR)

International Consensus on Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care
Science With Treatment Recommendations (CoSTR)
publications summarizing the ILCOR task force anal-
yses of published resuscitation evidence. The 2022
review includes 21 topics addressed with systematic
reviews (SysRevs) by the 6 task forces. Although only
a SysRev can generate a full CoSTR and updated
treatment recommendations, many other topics were
reviewed through more streamlined approaches,
detailed later.

Draft CoSTRs for all topics evaluated with SysRevs
were posted on a rolling basis from June 2021 through
March 2022 on the ILCOR website. These draft CoSTRs
include a summary of all data included in the review, as
well as draft treatment recommendations. Each CoSTR
posting is followed by a 2-week period, during which
public comments are accepted. Task forces consider
these comments and provide responses. The 21 draft
CoSTR statements were viewed =27 818 times, and
238 comments were provided as feedback. These
CoSTRs are now available online, adding to the existing
CoSTR statements.

This is the sixth in a series of annual International
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This summary contains the final wording of the treat-
ment recommendations and good practice statements as
approved by the task forces and by the ILCOR member
councils but differs in several respects from the online
CoSTRs: The language used to describe the evidence
in this summary is not restricted to standard Grading of
Recommendations Assessment, Development, and Eval-
uation (GRADE) terminology, thereby making it more
transparent to a wider audience; in some cases, only
the high-priority outcomes are reported; and results are
presented in tables when possible for improved clarity.
The Justification and Evidence-to-Decision Framework
Highlights sections are in some cases shortened but
aim to provide insight into the rationale behind the treat-
ment recommendations. Complete evidence-to-decision
tables are included in Supplemental Appendix A. Last,
the task forces have prioritized knowledge gaps requir-
ing future research. Links to the published reviews and
full online CoSTRs are provided in the individual sections.

The CoSTRs are based on task force analysis of
the data through the GRADE approach. Each analysis
has been detailed in either a SysRev conducted by an
expert systematic reviewer or as a task force—led Sys-
Rev, and always with input from ILCOR content experts.
This GRADE approach rates the certainty of evidence
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Abbreviations and Acronyms

A-B-C
ACLS

AED
ALS
ARNI

ATLS
BLS
C-A-B
CAG
CARES

CoSTR

COVID-19
CPAP
CPC

CPR
DNACPR

EPALS
EPILS

ETC
EvUp
GRADE

HBB
IHCA
ILCOR

NICU
NLS
NRP
NRT
OHCA
PALS
PCI
PEWS
PICO

PLS

POCUS
PPV
PROSPERO

airway-breaths-compressions
Advanced Cardiovascular Life
Support

automated external defibrillator
advanced life support

Advanced Resuscitation of the New-

born Infant

Advanced Trauma Life Support
basic life support
compressions-airway-breaths
coronary angiography

Cardiac Arrest Registry to Enhance
Survival

Consensus on Cardiopulmonary
Resuscitation and Emergency
Cardiovascular Care Science With
Treatment Recommendations

coronavirus disease 2019
continuous positive airway pressure
Cerebral Performance Category
cardiopulmonary resuscitation

do not attempt cardiopulmonary
resuscitation

European Paediatric Advanced Life
Support

European Paediatric Immediate Life
Support

European Trauma Course

evidence update

Grading of Recommendations
Assessment, Development, and
Evaluation

Helping Babies Breathe
in-hospital cardiac arrest

International Liaison Committee on
Resuscitation

neonatal intensive care unit
neonatal life support

Newborn Resuscitation Programs
neonatal resuscitation training
out-of-hospital cardiac arrest
Pediatric Advanced Life Support
percutaneous coronary intervention
pediatric early warning system

population, intervention, comparator,
and outcome

pediatric life support
point-of-care ultrasound
positive-pressure ventilation

Prospective Register of Systematic
Reviews

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095

RCT randomized controlled trial

RFM respiratory function monitor
ROSC return of spontaneous circulation
SGA supraglottic airway

ScopRev scoping review

SysRev systematic review

™™ targeted temperature management

supporting the intervention (predefined by the population,
intervention, comparator, and outcome [PICO] question)
as high, moderate, low, or very low. Randomized controlled
trials (RCTs) begin the analysis as high-certainty evi-
dence, and observational studies begin 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.

In addition to the certainty of evidence, each statement
includes the pertinent outcome data. The format for the
data varies by what is available but ideally includes both
relative risk with 95% Cl and risk difference with 95% CI.
The risk difference is the absolute difference between the
risks and is calculated by subtracting the risk in the control
group from the risk in the intervention group. This absolute
effect enables a more clinically useful assessment of the
magnitude of the effect of an intervention and enables cal-
culation of the number needed to treat (number needed
to treat=1/risk difference). In cases when the data do not
enable absolute effect estimates to be determined, alterna-
tive measures of effect such as odds ratios are reported.

In some cases, a previously published SysRev that
meets specific methodological criteria can be used to
generate a CoSTR using the GRADE-adolopment pro-
cess.! Adolopment combines adoption, adaptation, and
development and avoids the unnecessary repetition of
the SysRev process. It includes the same process of bias
assessment and data extraction, with the existing SysRev
used as a starting point. Searches are updated if needed,
and studies published since the SysRev are added.

The task forces generate treatment recommendations
after weighing the evidence and after discussion. The
strength of a recommendation is determined by the task
force and is not necessarily tied to the certainty of evi-
dence. Although ILCOR generally has not produced any
guidance when the evidence is insufficient to support a
recommendation, in some cases, good practice state-
ments have been provided for topics thought to be of
particular interest to the resuscitation community. Good
practice statements are not recommendations but repre-
sent expert opinion in light of very limited data.

ILCOR's goal is to review at least 20% of all PICO ques-
tions each year so that the CoSTRs reflect current and
emerging science. To facilitate this goal, and acknowledging
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that many PICO topics will not have sufficient new evidence
to warrant a SysRey, ILCOR implemented 2 additional lev-
els of evidence review in 2020, which were also used for
2022. Scoping reviews (ScopRevs) are undertaken when
there is a lack of clarity on the amount and type of evidence
on a broader topic. ScopRevs are broad searches done in
multiple databases with a rigor similar to that of a SysRey,
but they do not include bias assessments or meta-analyses.
The third and least rigorous form of evidence evaluation is
the evidence update (EvUp), in which a less comprehen-
sive search is carried out to screen for significant new data
and to assess whether there has been sufficient new sci-
ence to warrant a new ScopRev or SysRev. Both ScopRevs
and EvUps can inform a decision about whether a Sys-
Rev should be undertaken but are not used to generate a
new or updated CoSTR because they do not include bias
assessment, GRADE evaluation, or meta-analyses. In this
document, the results of ScopRevs are included in a more
concise form than in the online version, similar to the Sys-
Revs. EvUps are tabulated by topic at the end of each task
force section, with the associated documents provided in
Supplemental Appendix B.

The following topics are addressed in this CoSTR
summary:

Basic Life Support

* Passive ventilation techniques (SysRev)

+ Minimizing pauses in chest compressions (SysRev)

+ Cardiopulmonary resuscitation (CPR) during trans-
port (SysRev)

+ Compressions-airway-breaths (C-A-B) or airway-
breaths-compressions (A-B-C) in drowning (new
topic; SysRev)

+ Paddle size and placement for defibrillation (EvUp)

« Barrier devices (EvUp)

+ Chest compression rate (EvUp)

* Rhythm check timing (EvUp)

+ Timing of CPR cycles (2 minutes versus other;
EvUp)

* Public-access automated external
(AED) programs (EvUp)

+ Checking for circulation during basic life support
(BLS; EvUp)

* Rescuer fatigue in compression-only CPR (EvUp)

¢ Harm from CPR to subjects not in cardiac arrest
(EvUp)

+ Harm to rescuers from CPR (EvUp)

* Hand positioning during compressions (EvUp)

* Dispatch-assisted compression-only versus con-
ventional CPR (EvUp)

» Emergency medical services chest compression—
only versus conventional CPR (EvUp)

+ Compression-to-ventilation ratio (EvUp)

+ CPR before defibrillation (EvUp)

+ Chest compression depth (EvUp)

defibrillator
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+ Chest wall recoil (EvUp)

« Foreign body airway obstruction (EvUp)

« Firm surface for CPR (EvUp)

* In-hospital chest compression—only CPR versus
conventional CPR (EvUp)

* Analysis of rhythm during chest compressions
(EvUp)

* Alternative compression techniques (cough, precor-
dial thump, fist pacing; EvUp)

+ Tidal volumes and ventilation rates (EvUp)

* Lay rescuer chest compression—only versus con-
ventional CPR (EvUp)

« Starting CPR (C-A-B versus A-C-B; EvUp)

* Dispatcher recognition of cardiac arrest (EvUp)

* Resuscitation care for suspected opioid-associated
emergencies (EvUp)

+ CPR before call for help (EvUp)

+ Video-based dispatch (EvUp)

*+ Head-up CPR (EvUp)

Advanced Life Support

« Targeted temperature management (TTM) after car-
diac arrest (SysRev)

« Point-of-care ultrasound (POCUS) as a diagnostic
tool during cardiac arrest (SysRev)

» Vasopressin and corticosteroids for cardiac arrest
(SysRev)

* Post—cardiac arrest coronary angiography (CAG;
SysRev Update)

* Vasopressors during cardiac arrest (EvUp)

+ Cardiac arrest from pulmonary embolism (EvUp)

Pediatric Life Support

+ Public-access devices (SysRev)

* Pediatric early warning systems (PEWSs; SysRev)

* Sequence of compression and ventilation (EvUp)

+ Chest compression—only versus conventional CPR
(EvUp)

« Drugs for the treatment of bradycardia (EvUp)

* Emergency transcutaneous pacing for bradycardia
(EvUp)

 Extracorporeal CPR for pediatric cardiac arrest
(EvUp)

* Intraosseous versus intravenous route of drug
administration (EvUp)

* Sodium bicarbonate administration for children in
cardiac arrest (EvUp)

« TTM (EvUp)

Neonatal Life Support

* Maintaining normal temperature immediately after
birth in late preterm and term infants (SysRev)
+ Suctioning clear amniotic fluid at birth (SysRev)

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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» Tactile stimulation for resuscitation immediately
after birth (SysRev)

* Delivery room heart rate monitoring to improve out-
comes for newborn infants (SysRev)

+ Continuous positive airway pressure (CPAP) versus
no CPAP for term respiratory distress in the delivery
room (SysRev)

« Supraglottic airways (SGAs) for neonatal resuscita-
tion (SysRev)

* Respiratory function monitoring during neonatal
resuscitation at birth (SysRev)

Education, Implementation, and Teams

* Prearrest prediction of survival after in-hospital car-
diac arrest (IHCA; SysRev)

+ BLS training for likely rescuers of high-risk popula-
tions (SysRev)

* Patient outcome and resuscitation team members
attending advanced life support (ALS) courses
(SysRev with EvUp)

* Blended learning for life support education (SysRev)

» Faculty development approaches for life support
courses (ScopRev)

« Willingness to provide CPR (EvUp)

+ Team and leadership training (EvUp)

* Medical emergency teams for adults (EvUp)

« Community initiatives to promote BLS (EvUp)

+ Debriefing of CPR performance (EvUp)

* Spaced learning (EvUp)

First Aid

» The recovery position for maintenance of adequate
ventilation and the prevention of cardiac arrest
(SysRev)

+ Oral dilution for caustic substance ingestion (EvUp)

* Recognition of anaphylaxis (EvUp)

+ Compression wraps for acute closed ankle joint
injury (EvUp)

* Open chest wound dressings (EvUp)

+ Bronchodilators for acute asthma exacerbation
(EvUp)

+ Optimal duration of cooling of burns with water
(EvUp)

* Preventive interventions for presyncope (EvUp)

+ Single-stage scoring systems for concussion
(EvUp)

 Cooling techniques for exertional hyperthermia and
heatstroke (EvUp)

» First aid use of supplemental oxygen for acute
stroke (EvUp)

* Methods of glucose administration for hypoglyce-
mia in the first aid setting (EvUp)

* Pediatric tourniquet types for
extremity bleeding (EvUp)

life-threatening
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Readers are encouraged to monitor the ILCOR website?
to provide feedback on planned SysRevs and to provide
comments when additional draft reviews are posted.

BASIC LIFE SUPPORT
Passive Ventilation Techniques (SysRev)

Rationale for Review

This topic was prioritized by the BLS Task Force because
the topic had not been reviewed since the 2015 CoSTR
recommendations. This SysRev was registered in the In-
ternational Prospective Register of Systematic Reviews
(PROSPERO; CRD42021293309). The full text of this
CoSTR can be found on the ILCOR website.

PICO, Study Design, and Time Frame

* Population: Adults and children with presumed car-
diac arrest in any setting

« Intervention: Any passive ventilation technique (eg,
positioning the body, opening the airway, passive
oxygen administration, Boussignac tube, constant
flow insufflation of oxygen) in addition to chest
compressions

+ Comparator: Standard CPR

+ QOutcome:

A. Critical:  Survival to hospital discharge with
good neurological outcome, survival to hospital
discharge

B. Important: Return of spontaneous circulation
(ROSC)

* 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.

» Time frame: All years and all languages were
included if there was an English abstract. The litera-
ture search was updated to October 16, 2021.

Consensus on Science

Two RCTs, 1 observational study, and a very small pilot
RCT were identified.*”” The overall certainty of evidence
was rated as very low. All the individual studies were at a
critical risk of bias and indirectness. Because of a high de-
gree of heterogeneity, the meta-analyses included only 2
RCTs in which passive ventilation through constant-flow
insufflation of oxygen with the aid of a modified tracheal
tube was compared with mechanical ventilation.*® The
observational study evaluated passive oxygen insuffla-
tion as part of a minimally interrupted CPR bundle (also
including uninterrupted preshock and postshock chest
compressions and early epinephrine administration).®
The pilot RCT compared 9 patients who received chest
compression—induced ventilation that included CPAP
with 11 patients who received volume-controlled ventila-
tion during CPR.” Key results are presented in Table 1.
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Table 1. Overview of Key Outcomes for Passive Ventilation During CPR Compared With Standard CPR

Certainty of
Outcomes (importance) Participants, studies, n evidence (GRADE) | RR (95% CI) Anticipated absolute effects
Discharge with favorable 1019 patients, 1 observational study® | Very low 1.03 (0.84-1.26) 3 patients more/1000 (15 fewer—25 more)
outcome (critical)
Survival to ICU discharge 791 patients, 2 RCTs*® Low 0.96 (0.31-2.85) 1 patient fewer/1000 (14 fewer—38 more)
(critical)
Survival to admission 791 patients, 2 RCTs*® Low 0.92 (0.64-1.24) 14 patients fewer/1000 (61 fewer—41 more)
(important)
ROSC (important) 791 patients, 2 RCTs*® Low 0.98 (0.85-1.12) 4 patients fewer/1000 (31 fewer—25 more)
ROSC (important) 1019 patients, 1 observational study® | Very low 0.85 (0.77-1.00) 45 patients fewer/1000 (69 fewer—0 more)
ROSC (important) 20 patients, 1 pilot RCT study” Very low 0.85 (0.77-1.00) 45 patients fewer/1000 (69 fewer—0 more)

CPR indicates cardiopulmonary resuscitation; GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; ICU, intensive care unit; RCT,
randomized controlled trial; ROSC, return of spontaneous circulation; and RR, risk ratio.

Treatment Recommendations

We suggest against the routine use of passive ventilation
techniques during conventional CPR (weak recommen-
dation, very low—certainty evidence).

Justification and Evidence-to-Decision Framework
Highlights

The complete evidence-to-decision table is included in
Supplemental Appendix A.

Passive ventilation may represent an alternative to
intermittent positive-pressure ventilation (PPV). It may
shorten interruptions in chest compressions for advanced
airway management and may overcome the potential
harm from PPV (increased intrathoracic pressure lead-
ing to reduced venous return to the heart and reduced
coronary perfusion pressure, then increased pulmonary
vascular resistance).

The 2 larger RCTs*® that were included compared
intermittent PPV through a tracheal tube with continuous
insufflation of oxygen through a modified tracheal tube,
that is, a Boussignac tube. The Boussignac tube used in
these studies generates a constant tracheal pressure of
~10 cm H,O. When available, the active compression-
decompression device was used to perform CPR. These
adjuncts may have played a role in the generation and mag-
nitude of passive ventilation. The included observational
study® was highly confounded because multiple aspects of
the CPR protocols compared were different, including the
ventilation strategies, rhythm check timing, compression-to-
ventilation ratios, and compression intervals between shocks.
Overall, the certainty of evidence was rated as very low pri-
marily because of the risk of bias attributable to indirectness.

We acknowledge that when emergency medical
services systems have adopted a bundle of care that
includes minimally interrupted cardiac resuscitation with
passive ventilation, it is reasonable to continue with that
strategy in the absence of compelling evidence to the
contrary.

Task Force Knowledge Gaps
* The efficacy of passive ventilation in the lay rescuer
setting

e488 December 20/27, 2022

* The optimal method for ensuring a patent airway

* Whether there is a critical volume of air movement
required to maintain ventilation/oxygenation

¢ The effectiveness of passive insufflation in children

Minimizing Pauses in Chest Compressions
(SysRev)

Rationale for Review

This topic was prioritized by the BLS Task Force be-
cause the topic had not been reviewed since the 2015
CoSTR. This SysRev was registered in PROSPERO
(CRD42019154784). The full text of this CoSTR can be
found on the ILCOR website.®

PICO, Study Design, and Time Frame

* Population: Adults in cardiac arrest in any setting

* Intervention: Minimizing of pauses in chest compres-
sions (higher CPR or chest compression fraction or
shorter perishock pauses compared with control)

+ Comparator: Standard CPR (lower CPR frac-
tion or longer perishock pauses compared with
intervention)

* Outcome:

A. Critical: Survival to hospital discharge with good
neurological outcome and survival to hospital
discharge

B. Important: ROSC

» Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, con-
trolled before-and-after studies, cohort studies)
were eligible for inclusion. Unpublished studies
(eg, conference abstracts, trial protocols) were
excluded.

» Time frame: All years and all languages were
included if there was an English abstract. The litera-
ture search was updated to December 17, 2021.

Consensus on Science

Three RCTs® "' and 21 observational studies3? were
identified. The evidence identified was divided into b cat-
egories, and results are summarized in Table 2:

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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Table 2. Minimizing Pauses in Chest Compressions

2022 ILCOR CoSTR Summary

Certainty of evidence

Category Studies (GRADE) Main findings

1. RCTs on interventions that 3 RCTs* ™" Very low New AED strategies resulted in higher CPR fractions and shorter preshock
affect pauses and postshock pauses but no differences in survival.®'°

Continuous chest compression strategy resulted in higher CPR fractions and
lower survival to hospital admission; there were no difference in survival to
discharge."

2. Studies comparing before 6 observational Very low One study evaluated incremental changes in various CPR quality metrics
and after or different sys- studies'?""” and outcomes over time and found that from 2006—2016 both CPR fraction
tems' CPR fraction and the proportion of survivors with favorable survival increased.'®

The other studies observing improved CPR fractions and perishock pauses
did not observe significant improvements in survival.'2'4-""

3. Associations between chest | 5 observational Very low Two studies found increased CPR fraction to be associated with improved sur-
compression pauses and studies'®~>? vival,’®'® whereas 2 did not.?*?' The fifth study found increasing CPR fraction
outcomes to be associated with improved ROSC.?? One study found increasing peri-

shock pause to be associated with lower survival,”® whereas another did not.'
4a. Outcomes compared for 7 observational Very low One study showed higher favorable neurological outcome and survival to

chest compression pause | studies'®?'-26 discharge in arrests with CPR fraction >80% compared with <80% in the

categories: CPR fraction subgroup with >20-min CPR duration but no differences in survival in the
corresponding patient subgroups with 5- or 10-min CPR durations.? Two
studies observed higher survival to discharge in arrests with lower CPR frac-
tions (<40% vs >80%) and lower survival with higher CPR fractions (<60%
vs <80% and 60%—79%).24?> One study observed lower ROSC with CPR
fraction >80% compared with <80%.%® There were no significant differences
in outcomes in the remaining 3 studies.'8?"2?

4b. Outcomes compared for 4 observational Three studies observed higher survival in patients with shorter preshock

chest compression pause | studies?'2>282° pauses (<10 s) compared with longer preshock pauses (>10-20 s),?'25282°

categories: perishock and 2 studies observed higher survival in patients with shorter perishock

pauses pauses (<20 s) compared with longer perishock pauses (>20-40 s).2>2¢
One study did not find improved survival with preshock pause <10 s com-
pared with >10 s.2!

5. Pauses compared between | 8 observational Very low One study observed higher CPR fractions during the first 5 min in nonsur-

survivors and nonsurvivors studies?*2-%2 vivors compared with survivors®’; 1 study observed higher CPR fractions in
patients with downtimes >15 min without ROSC?®; 1 observed higher CPR
fractions in patients with ROSC.?’ In the remaining 5 studies, no difference
was observed.?8-32

AED indicates automated external defibrillator; CPR, cardiopulmonary resuscitation; GRADE, Grading of Recommendations, Assessment, Development, and
Evaluation; RCT, randomized controlled trial; and ROSC, return of spontaneous circulation.

1. RCTs designed to evaluate interventions affecting
quality of CPR
2. Observational studies comparing outcomes before
and after interventions designed to improve quality
of care (including pauses in chest compressions)
or between different systems that had differences
in CPR fraction
3. Observational studies exploring associations
between pauses in chest compressions and
outcomes
4. Observational studies in which outcomes were
compared between groups in different chest com-
pression pause categories
5. Observational studies in which pauses in com-
pressions were compared between survivors and
nonsurvivors
The overall certainty of evidence was rated as very low
for all outcomes, primarily because of a very serious risk
of bias. All the individual studies were at a critical risk
of bias attributable to confounding. Because of this and
a high degree of heterogeneity, no meta-analyses could

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095

be performed, and the individual studies are difficult to
interpret.

Treatment Recommendations

We suggest that CPR fraction and perishock pauses in
clinical practice be monitored 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 recommenda-
tion, very low—certainty evidence).

We suggest that preshock and postshock pauses in
chest compressions be as short as possible (weak rec-
ommendation, very low—certainty evidence).

We suggest that the CPR fraction during cardiac
arrest (CPR time devoted to compressions) should be
as high as possible and be at least 60% (weak recom-
mendation, very low—certainty evidence).

Justification and Evidence-to-Decision Framework
Highlights

The complete evidence-to-decision table is included in
Supplemental Appendix A.
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In making these recommendations, the BLS Task
Force considered that low CPR fractions may not nec-
essarily reflect lower quality of CPR, but we felt that it
was important to provide a minimum value to aid guide-
line creators. The consensus within the resuscitation
community is that high-quality CPR is important for
patient outcomes and that high-quality CPR includes
high CPR or chest compression fraction and short peri-
shock pauses. Although the exact targets of these CPR
metrics are uncertain, the strong belief in the benefit
of minimizing pauses in compressions (along with the
physiological rationale for the detrimental effect of no
compressions) makes prospective clinical trials of long
versus short compression pauses unlikely. The evidence
identified in this review was either indirect (in that the
interventional studies were developed for related pur-
poses) or observational. Observational studies are
challenged by the association between pauses in com-
pressions and good outcome because resuscitation
attempts of short duration in patients with shockable
rhythms tend to have better outcomes than resuscita-
tion attempts of long duration in patients with nonshock-
able rhythms. The number and proportion of pauses will
depend on both cardiac rhythm and the duration of the
resuscitation attempt; therefore, an optimal target will
depend on the cardiac arrest characteristics. These fac-
tors make interpreting observational data and providing
guidance for CPR metrics particularly challenging.

Experimental animal data indicate possible positive
effects of postconditioning (improved cardiac and neuro-
logical function in animals treated with short, controlled
pauses during initial CPR).333* There are no human data
to inform postconditioning during cardiac arrest. Weigh-
ing a theoretical possibility of positive effects from limited
pauses in chest compressions against a certain detri-
mental effect of lack of chest compressions, we believe
that it is reasonable to assume that there is a low risk of
harm from a lack of chest compression pauses and that
the possibility for desirable effects from fewer pauses
outweighs this.

Task Force Knowledge Gaps

» Effect of a strategy of minimizing pauses in
compressions compared with longer pauses in
compressions

* Evaluation of limited pauses in compressions as
part of a postconditioning strategy in humans

» Optimal pauses and CPR metrics for various sub-
groups (shockable versus nonshockable, short ver-
sus longer resuscitations, etc)

CPR During Transport (SysRev)

Rationale for Review
A ScopRev was completed for the 2020 CoSTR, and
this topic was subsequently prioritized by the BLS Task

e490 December 20/27, 2022
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Force. This SysRev was registered in PROSPERO
(CRD42021240615). The full text of these CoSTRs can
be found on the ILCOR website.®

PICO, Study Design, and Time Frame
* Population: Adults and children receiving CPR after
out-of-hospital cardiac arrest (OHCA)
* Intervention: Transport with ongoing CPR
+ Comparator: Completing CPR on scene (until ROSC
or termination of resuscitation)
* Outcome:

A. Critical: Survival to hospital discharge with good
neurological outcome and survival to hospital
discharge

B. Important: Quality of CPR metrics on scene ver-
sus during transport (reported outcomes may
include rate of chest compressions, depth of
chest compressions, chest compression fraction,
interruptions to chest compressions, leaning on
chest/incomplete release, rate of ventilation, vol-
ume of ventilation, duration of ventilation, pres-
sure of ventilation), ROSC

» 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.

» Time frame: All years and all languages were
included if there was an English abstract. The litera-

ture search was updated to June 15, 2021.

Consensus on Science

The identified studies were divided into those evaluat-
ing the effect of transport with ongoing CPR on CPR
quality and those evaluating the effect of transport with
ongoing CPR on patient outcomes (survival). These re-
sults are reported in separate tables (Tables 3 and 4).
The studies evaluating the effect of transport with on-
going CPR on CPR quality included a wide range of
quality outcomes, including the impact of transport on
the following:

Correct hand positioning

Chest compression rate

Chest compression depth

Pauses in compressions

Leaning on the chest/incomplete release

Chest compression fraction/hands-off time
Ventilation

Overall correct CPR

CESEONSIFNFAEN I

Treatment Recommendations

We suggest that providers deliver resuscitation at the
scene rather than undertake ambulance transport with
ongoing resuscitation unless there is an appropriate
indication to justify transport (eg, extracorporeal mem-
brane oxygenation; weak recommendation, very low—
certainty evidence).

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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Table 3. Effect of Transport on CPR Quality

2022 ILCOR CoSTR Summary

Certainty of evidence
Category Studies (GRADE) Main findings
Correct hand positioning 2 manikin studies®®%” Very low Simulated helicopter rescue; 1 study with fewer correct com-
pressions in flight,*” 1 study with no difference®®
Chest compression rate 5 observational studies®42 Very low One study with slightly faster compressions during transport,*?
4 manikin studies® 4345 2 showed increased variation,*®*? 3 showed no difference.?¢2%4!
Manikin studies had divergent results.3643-45
Chest compression depth 4 observational studies®®*-4? Very low One study with deeper compressions*? and 1 with more correct
4 manikin studies®43-45 depth*' during transport, 2 with no difference.®*4° Manikin stud-
ies had divergent results.643-45
Pauses 1 manikin study* Very low Pauses during transport within guidelines*®
Leaning on the chest/incom- 2 manikin studies® Very low Manikin studies with divergent results®"4
plete release
CPR fraction 4 observational studies®®-442 Very low 3 studies showed lower CPR fractions during transport,38-4°
9 manikin studies®®45 1 showed no difference.*® Manikin studies had divergent re-
sults.424°
Ventilation 2 observational studies®®®° Very low One study with faster ventilations during transport,®® 1 study
with no difference®®
Overall correct CPR 1 observational study*? Very low High-quality CPR observed both before and during transport.*
1 manikin study*® Fewer correct compressions on manikin during transport*®

CPR indicates cardiopulmonary resuscitation; and GRADE, Grading of Recommendations, Assessment, Development, and Evaluation.

The quality of manual CPR may be reduced dur-
ing transport. We recommend that whenever transport
is indicated, emergency medical services provid-
ers should focus on the delivery of high-quality CPR
throughout transport (strong recommendation, very
low—certainty evidence).

Delivery of manual CPR during transport increases
the risk of injury to providers. We recommend that emer-
gency medical services systems have a responsibility
to assess this risk and, when practicable, to implement
measures to mitigate the risk (good practice statement).

Justification and Evidence-to-Decision Framework
Highlights

The complete evidence-to-decision table is included in
Supplemental Appendix A.

In making these recommendations, the BLS Task
Force considered the complexity of the decision to
transport or remain on scene, including patient factors
(age, comorbidities), clinical considerations (scope of
practice of clinicians, pathogenesis, rhythm, response
to treatment), logistic considerations (location of arrest,
challenges of extrication, resources required, journey to
hospital), patient and responder safety considerations,
and hospital capability (extracorporeal membrane oxy-

Table 4. Effect of Transport on Survival

genation or other advanced interventions). The BLS Task
Force's interpretation of available evidence for CPR qual-
ity outcomes is summarized in Table 5.

The BLS Task Force's interpretation of available evi-
dence for survival outcomes was that the single study
that was identified reported lower survival among trans-
ported patients.*” The certainty of evidence was very low,
with considerable risk of remaining confounding despite
the use of propensity score matching. Overall, the task
force's concerns about decreased CPR quality and pro-
vider safety when delivering CPR during transport out-
weighed the benefits of bringing patients to the hospital
unless the hospital could offer specific treatments not
available in the prehospital setting (eg, extracorporeal
membrane oxygenation, CAG, echocardiography, or other
potential investigations or treatments).

Task Force Knowledge Gaps

* There are only a few studies in humans.

 There are no studies in children.

e There are no studies addressing the impact on
patient outcomes of CPR quality during transport.

+ There are no studies on the impact of the presence
or absence of an advanced airway on the effect of
transport on ventilation during CPR.

Participants,

Outcomes (importance) Studies, n

Certainty of
evidence (GRADE) | RR (95% CI)

Anticipated absolute effects

Discharge with favorable out-
come (critical)

27 705 patients, 1 observational study*” | Very low

0.39 (0.33-0.47) | 2 patients fewer/1000 (2 fewer—3 fewer)

Survival to discharge (critical)

27 705 patients, 1 observational study*” | Very low

0.46 (0.42-0.52) | 5 patients fewer/1000 (4 fewer-5 fewer)

ROSC (important)

27 705 patients, 1 observational study*’” | Very low

0.41 (0.39-0.43) | 28 patients fewer/1000 (22 fewer—24 fewer)

GRADE indicates Grading of Recommendations, Assessment, Development, and Evaluation; ROSC, return of spontaneous circulation; and RR, risk ratio.

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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Table 5. BLS Task Force Interpretation of Available
Evidence for CPR Quality Outcomes

Category Interpretation

Correct hand positioning | Transport appears to have little impact on cor-
rect hand positioning.

Chest compression rate | Appropriate chest compression rates can be
achieved during transport; however, there is
greater variation in chest compression rate dur-

ing transport compared with at the scene.

Chest compression Appropriate chest compression depth can be
depth achieved during transport; however, there is
greater variation in chest compression depth
during transport compared with at the scene.

Pauses Transport appears to have little impact on

extending pauses.

Leaning on the chest/
incomplete release

Transport appears to have little impact on
complete release.

CPR fraction There is significant variation in chest compres-
sion fraction. Transport appears to have a nega-
tive impact on chest compression fraction.

Ventilation Transport appears to have little impact on

ventilation rates.

Overall correct CPR There is significant variation in overall correct
CPR. Transport appears to have a negative

impact on overall correct CPR.

BLS indicates Basic Life Support; and CPR, cardiopulmonary resuscitation.

C-A-B or A-B-C in Drowning (SysRev)

Rationale for Review

This topic was prioritized by the BLS Task Force af-
ter the ScopRev that was completed for the 2020
CoSTR. This SysRev was registered in PROSPERO
(CRD42021259983). The full text of this CoSTR can be
found on the ILCOR website.*®

PICO, Study Design, and Time Frame
* Population: Adults and children in cardiac arrest
after drowning
* Intervention: Resuscitation that incorporates a

compression-first strategy (C-A-B)

» Comparator: Resuscitation that starts with ventila-

tion (A-B-C)

+ Outcome:

A. Critical: Survival to hospital discharge with good
neurological outcome and survival to hospital
discharge

B. Important: ROSC

» Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, con-
trolled before-and-after studies, cohort studies)
were eligible for inclusion. Unpublished studies

(eg, conference abstracts, trial protocols) were

excluded.

* Time frame: All years and all languages were
included if there was an English abstract. The litera-

ture search was updated to October 16, 2021.

e492 December 20/27, 2022

2022 ILCOR CoSTR Summary

Consensus on Science

Seven hundred thirty abstracts were reviewed, of which
9 were reviewed in full text. No studies were identified as
relevant to the PICO question comparing initial resusci-
tation strategies (ventilation first or compression first) for
cardiac arrests caused by drowning. To determine good
practice statements, the reviewers identified literature
and other consensus statements that related indirectly
to the research question.

Treatment Recommendations

We recommend a compression-first strategy (C-A-B)
for laypeople providing resuscitation for adults and chil-
dren in cardiac arrest caused by drowning (good practice
statement).

We recommend that health care professionals and
those with a duty to respond to drowning (eg, lifeguards)
consider providing rescue breaths/ventilation first (A-B-
C) before chest compressions if they have been trained
to do so (good practice statement).

Justification and Evidence-to-Decision Framework
Highlights

The rationale for the ventilation-first strategy (differing
from adult BLS treatment recommendations) is based
on the hypoxic mechanism of cardiac arrest in drown-
ing and the belief that earlier ventilation will reverse
the hypoxia sooner, either preventing the patient from
progressing from respiratory arrest to cardiac arrest or
increasing the likelihood of ROSC after correcting the
underlying pathogenesis.

A similar rationale is commonly invoked in pediat-
ric cardiac arrest in which hypoxia is a more common
cause than primary cardiac events.*® ILCOR reviewed
the evidence for initial resuscitation strategy in pediatric
cardiac arrest in both 2015 and 2020.5°%' No human
studies were identified, and the Pediatric Life Support
(PLS) Task Force did not recommend either strategy
as superior. Instead, the task force noted that a com-
pression-first strategy prioritized uniformity with adult
guidelines and simplicity and a ventilation-first strategy
prioritized more rapid reversal of hypoxia. Two manikin
RCTs that were identified in the review demonstrated
that ventilation was delayed by only 5.7 to 6 seconds
with a compression-first strategy compared with a venti-
lation-first strategy.52%3

There is only indirect evidence to support a ven-
tilation-first strategy in drowning. Another SysRev of
resuscitation after drowning is currently being done to
determine the impact of any ventilation at all as part of
the resuscitation strategy. However, a recent ScopRev
found that bystander CPR including ventilation was
associated with better survival®* One retrospective
observational study compared in-water resuscitation
(ie, ventilation) with no ventilation for drowning victims
in respiratory (and possibly cardiac) arrest. Survival

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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Table 6. BLS Topics Reviewed by EvUps*

2022 ILCOR CoSTR Summary

Suf-
Observa- ficient
RCTs tional studies data to
Year(s) last since last | since last warrant
Topic/PICO updated Existing treatment recommendation review,n | review, n Key findings SysRev?
ALS-E-030A 2010 CoSTR; | ltis reasonable to place pads on the exposed 0 0 No new studies identified No
Paddle size and | 2020 chest in an anterior-lateral position. An accept-
placement for ScopRev able alternative position is anterior posterior. In
defibrillation large-breasted individuals, it is reasonable to
place the left electrode pad lateral to or below
the left breast, avoiding breast tissue. Consid-
eration should be given to the rapid removal of
excessive chest hair before the application of
pads, but emphasis must be on minimizing delay
in shock delivery.
There is insufficient evidence to recommend
a specific electrode size for optimal external
defibrillation in adults. However, it is reasonable
to use a pad size >8 cm.
BLS 342 2005 CoSTR | Providers should take appropriate safety pre- (0] (0] No new studies identified No
Barrier devices cautions when feasible and when resources
are available to do so, especially if the subject
is known to have a serious infection (for ex-
ample, HIV, tuberculosis, HBV, or SARS).
BLS 343 2015 CoSTR; | We recommend a manual chest compression 0 2 PICOSTs BLS 343, 366, and No
Chest compres- 2020 rate of 100-120/min (strong recommendation, 367 have been evaluated to-
sion rate ScopRev very low—certainty evidence). gether to identify any evidence
looking at the interplay between
the 3 CPR metrics. Two new
observational studies on rate
and depth—but not on recoil—
since last ScopRev were identi-
fied. Findings were consistent
with current guidelines.
BLS 345 2020 CoSTR | We suggest immediate resumption of chest 0 0 No new studies identified No
Rhythm check compressions after shock delivery for adults in
timing cardiac arrest in any setting (weak recommen-
dation, very low—certainty evidence).
BLS 346 2020 CoSTR | We suggest pausing chest compressions every | 0 0 No new studies identified No
Timing of CPR 2 min to assess the cardiac rhythm (weak rec-
cycles (2 min vs ommendation, low-certainty evidence).
other)
BLS 347 2020 CoSTR | We recommend the implementation of PAD (0] 1 One observational study on a No
Public-access programs for patients with OHCA (strong rec- PAD program at Tokyo railroad
AED programs ommendation, low-certainty evidence). stations presented significant
benefits and cost-effectiveness
in line with previous recommen-
dations.
BLS 348 2015 CoSTR Outside of the ALS environment, when invasive | 0 0 No new studies since 2021. No
Check for cir- monitoring is available, there are insufficient Some relevant articles showing
culation during data on the value of a pulse check while per- the effectiveness of ultrasound
BLS forming CPR. We therefore do not make a to check for circulation were
treatment recommendation for the value of a identified.
pulse check.
BLS 349 2015 CoSTR | We recommend no modification to current 0 0 No new clinical or simulation No
Rescuer fatigue CCO-CPR guidelines for cardiac arrest to miti- studies were identified that ad-
in CCO-CPR gate rescuer fatigue (strong recommendation, dressed the criteria. Simulation
very low—certainty evidence). studies on manikins were identi-
fied. Consider reviewing CCO-
CPR rest intervals in the future.
BLS 353 2020 CoSTR | We recommend that laypeople initiate CPR for | 0O 0 No new studies identified No
Harm from CPR presumed cardiac arrest without concerns of
to victims not in harm to patients not in cardiac arrest (strong
arrest recommendation, very low—certainty evidence).
(Continued)
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Table 6. Continued
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Suf-
Observa- ficient
RCTs tional studies data to
Year(s) last since last | since last warrant
Topic/PICO updated Existing treatment recommendation review, n review, n Key findings SysRev?
BLS 354 2015 CoSTR; | Evidence supporting rescuer safety during (0] 2 One study found low risk of phys- | No
Harm to rescu- | 2020 CPR is limited. The few isolated reports of ical injury reported by volunteer
ers from CPR ScopRev adverse effects resulting from the widespread citizen responders dispatched
and frequent use of CPR suggest that perform- to OHCA. One study found low
ing CPR is relatively safe. Delivery of a defibril- risk of harm from defibrillation in
lator shock with an AED during BLS is also rescuers wearing polyethylene
safe. The incidence and morbidity of defibrilla- gloves. Future reviews might
tor-related injuries in the rescuers are low. focus specifically on safety of lay
responder programs.
BLS 357 2020 CoSTR | We suggest performing chest compressions (0] 0 No new studies addressing this | No
Hand position on the lower half of the sternum on adults in question were identified, but 2
during compres- cardiac arrest (weak recommendation, very simulation/training studies high-
sions low—certainty evidence). lighting difficulties for lay rescu-
ers in identifying correct hand
position were identified.
BLS 359 2019 CoSTR | We recommend that dispatchers provide 0 0 No new studies identified No
Dispatch- CCO-CPR instructions to callers for adults
assisted with suspected OHCA (strong recommenda-
CCO-CPR vs tion, low-certainty evidence).
conventional
CPR
BLS 360 2020 CoSTR | We recommend that EMS providers perform (0] 1 One new study since 2021 was | No
EMS CCO- CPR with 30 compressions to 2 breaths (30:2 identified. Median inspiratory
CPR vs conven- ratio) or continuous chest compressions with tidal volume generated by man-
tional CPR PPV delivered without pausing chest compres- ual chest compressions without
sions until a tracheal tube or supraglottic de- ventilation was 20 mL (IQR,
vice has been placed (strong recommendation, 13-28 mL), which was judged
high-certainty evidence). inadequate to provide adequate
We suggest that when EMS systems have alveolar ventilation.
adopted minimally interrupted cardiac resusci-
tation, this strategy is a reasonable alternative
to conventional CPR for witnessed shockable
OHCA (weak recommendation, very low—
certainty evidence).
BLS 362 2017 CoSTR | We suggest a CV ratio of 30:2 compared with | 0 0 No new studies identified No
CV ratio any other CV ratio in patients with cardiac ar-
rest (weak recommendation, very low—quality
evidence).
BLS 363 2020 CoSTR | We suggest a short period of CPR until the 0 0 No new studies identified No
CPR before defibrillator is ready for analysis or defibrillation Observational data exploring
defibrillation in unmonitored cardiac arrest (weak recom- AMSA and ETCO, to guide
mendation, low-certainty evidence). defibrillation mightgbe relevant
for ALS.
BLS 366 2015 CoSTR; | We recommend a chest compression depth 0 2 PICOSTs BLS 343, 366, and No
Chest compres- | 2020 of 5 cm (2 in; strong recommendation, low- 367 have been evaluated togeth-
sion depth ScopRev certainty evidence) while avoiding excessive er to identify any evidence looking
chest compression depths (>6 cm [>2.4 in] in at the interplay among the 3 CPR
an average adult) during manual CPR (weak metrics. Two new observational
recommendation, low-certainty evidence). studies on rate and depth, but not
recoil, since last ScopRev were
identified. Findings were consis-
tent with current guidelines.
BLS 367 2015 CoSTR; | We suggest that rescuers performing manual 0 2 PICOSTs BLS 343, 366, and No
Chest wall recoil | 2020 CPR avoid leaning on the chest between com- 367 have been evaluated togeth-
ScopRev pressions to allow full chest wall recoil (weak er to identify any evidence looking
recommendation, very low—quality evidence). at the interplay among the 3 CPR
metrics. Two new observational
studies on rate and depth, but not
recoil, since last ScopRev were
identified. Findings were consis-
tent with current guidelines.
(Continued)
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Table 6. Continued

BLS 368

Foreign-body
airway obstruc-
tion

2020 CoSTR

We suggest that backslaps be used initially
in adults and children with a foreign-body
airway obstruction and an ineffective cough
(weak recommendation, very low—certainty
evidence).

We suggest that abdominal thrusts be used
in adults and children (>1 y of age) with a
foreign-body airway obstruction and an inef-
fective cough when backslaps are ineffective
(weak recommendation, very low—certainty
evidence).

We suggest that rescuers consider the man-
ual extraction of visible items in the mouth
(weak recommendation, very low—certainty
evidence).

We suggest against the use of blind finger
sweeps in patients with a foreign-body airway
obstruction (weak recommendation, very low—
certainty evidence).

We suggest that appropriately skilled health
care providers use Magill forceps to remove

a foreign-body airway obstruction in patients
with OHCA resulting from foreign-body airway
obstruction (weak recommendation, very low—
certainty evidence).

We suggest that chest thrusts be used in
unconscious adults and children with a foreign-
body airway obstruction (weak recommenda-
tion, very low—certainty evidence).

We suggest that bystanders undertake in-
terventions to support foreign-body airway
obstruction removal as soon as possible after
recognition (weak recommendation, very low—
certainty evidence).

We suggest against the routine use of suction-
based airway clearance devices (weak recom-
mendation, very low—certainty evidence).

A single new case series was
identified that describes 8
cases of the use of a vacuum
cleaner to clear foreign-body
airway obstruction.

No

BLS 370

Firm surface for
CPR

2020 CoSTR

We suggest performing chest compressions
on a firm surface when possible (weak recom-
mendation, very low—certainty evidence)
During IHCA, we suggest that when a bed has
a CPR mode that increases mattress stiffness,
it should be activated (weak recommendation,
very low—certainty evidence).

During IHCA, we suggest against moving a pa-
tient from the bed to the floor to improve chest
compression depth (weak recommendation,
very low—certainty evidence).

During IHCA, we suggest in favor of either a
backboard or no-backboard strategy to improve
chest compression depth (conditional recom-
mendation, very low—certainty evidence).

Three additional manikin RCTs
were identified, evaluating CPR
quality with a backboard, on a
dentist chair, and on a dynamic
mattress.

No

BLS 372
In-hospital
CCO-CPRvs
conventional
CPR

2017 CoSTR

Whenever tracheal intubation or an SGA is
achieved during in-hospital CPR, we suggest
that providers perform continuous compres-
sions with PPV delivered without pausing chest
compressions (weak recommendation, very
low—-certainty evidence).

No new studies identified

No

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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Table 6. Continued
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BLS 373 2020 CoSTR | We suggest against the routine use of artifact- Two new observational studies | Yes
Analysis of filtering algorithms for analysis of electrocardio- since last SysRev were identi-
thythm during graphic rhythm during CPR (weak recommen- fied. Analysis during CPR led to
chest dation, very low—certainty evidence). fewer pauses in chest compres-
compression We suggest that the usefulness of artifact- sions.

filtering algorithms for analysis of electrocar-

diographic rhythm during CPR be assessed

in clinical trials or research initiatives (weak

recommendation, very low—certainty evi-

dence).
BLS 374 2020 CoSTR | We recommend against the routine use of No new studies identified No
Alternative cough CPR for cardiac arrest (strong recom-
compression mendation, very low—certainty evidence).
techniques We suggest that cough CPR may be consid-
(cough, precor- ered only as a temporizing measure in excep-
dial thump, fist tional circumstance of a witnessed, monitored
pacing) IHCA (for example, in a cardiac catheterization

laboratory) if a nonperfusing rhythm is recog-

nized promptly before loss of consciousness

(weak recommendation, very low—certainty

evidence).

We recommend against fist pacing for cardiac

arrest (strong recommendation, very low—

certainty evidence).

We suggest that fist pacing may be consid-

ered only as a temporizing measure in the

exceptional circumstance of a witnessed,

monitored IHCA (for example, in a cardiac

catheterization laboratory) attributable to

bradyasystole if such a nonperfusing rhythm

is recognized promptly before loss of con-

sciousness (weak recommendation, very

low—certainty evidence).

We recommend against the use of a precordial

thump for cardiac arrest (strong recommenda-

tion, very low—certainty evidence).
BLS 546 2010 CoSTR | For mouth-to-mouth ventilation for adult victims No new studies identified No
Tidal volumes using exhaled air or bag-mask ventilation with Identified studies evaluated tidal
and ventilation room air or oxygen, it is reasonable to give volumes during mechanical ven-
rates each breath within a 1-s inspiratory time and tilation and after ROSC.

with a volume of *600 mL to achieve chest

rise. It is reasonable to use the same initial

tidal volume and rate in patients regardless of

the cause of the cardiac arrest.
BLS 547 2020 CoSTR | We continue to recommend that bystanders Only manikin/training studies No
Lay rescuer perform chest compressions for all patients in since 2020
CCO-CPR vs cardiac arrest (good practice statement).
conventional We suggest that bystanders who are trained,
CPR able, and willing to give rescue breaths and

chest compressions do so for all adult patients

in cardiac arrest (weak recommendation, very

low—-certainty evidence).
BLS 661 2020 CoSTR | We suggest starting CPR with compressions No new studies identified No
Starting CPR rather than ventilation in adults with cardiac ar-
(C-A-Bvs A- rest (weak recommendation, very low—certainty
B-C) evidence).

(Continued)
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Suf-
Observa- ficient
RCTs tional studies data to
Year(s) last since last | since last warrant
Topic/PICO updated Existing treatment recommendation review,n | review, n Key findings SysRev?
BLS 740 2020 CoSTR | We recommend that dispatch centers imple- 1 6 One RCT was identified in Yes
Dispatcher ment a standardized algorithm or standardized which calls processed with
recognition of criteria to immediately determine whether a machine learning recognized ar-
cardiac arrest patient is in cardiac arrest at the time of emer- rest 93.1% vs 90.5% in control
gency call (strong recommendation, very low— group (P=0.15).
certainty evidence). Six observational studies evalu-
We suggest that dispatch centers monitor and ated various interventions or
track diagnostic capability. compared different systems with
We suggest that dispatch centers look for regard to recognition of cardiac
ways to optimize sensitivity (minimize false- arrest.
negatives).
We recommend high-quality research that ex-
amines gaps in this area.
BLS 811 2020 CoSTR | We suggest that CPR be started without delay | 0O 0 No new studies identified No
Resuscitation in any unconscious person not breathing nor-
care for sus- mally and that naloxone be used by lay rescu-
pected opioid- ers in suspected opioid-related respiratory or
associated circulatory arrest (weak recommendation based
emergencies on expert consensus).
BLS 1527 2020 CoSTR | We recommend that a lone bystander with a 0 (0] No new studies identified No
CPR before call mobile phone should dial EMS, activate the
for help speaker or other hands-free option on the mo-
bile phone, and immediately begin CPR with
dispatcher assistance if required (strong rec-
ommendation, very low—certainty evidence).
BLS Video- 2021 CoSTR | We suggest that the usefulness of video-based | 0 2 Two additional observational No
Based Dispatch dispatch systems be assessed in clinical trials studies were identified. One
Systems or research initiatives (weak recommendation, study reported an association
very low—certainty evidence). between video dispatch and
survival. The other reported
better CPR quality with video
dispatch.
BLS Head-Up 2021 CoSTR | We suggest against the routine use of head-up | 0 0 No new studies identified No
CPR CPR during CPR (weak recommendation, very Observational data exploring
low—certainty evidence). AMSA and ETCO, to guide
We suggest that the usefulness of head-up defibrillation might be relevant
CPR during CPR be assessed in clinical trials for ALS.
or research initiatives (weak recommendation,
very low—certainty evidence).

AED indicates automated external defibrillator; ALS, advanced life support; AMSA, amplitude spectral area; BLS, basic life support; CCO-CPR, chest compres-
sion—-only cardiopulmonary resuscitation; CoSTR, Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment
Recommendations; CPR, cardiopulmonary resuscitation; CV, compression-to-ventilation; EMS, emergency medical services; EvUp, evidence update; HBV, hepatitis
B virus; IHCA, in-hospital cardiac arrest; IQR, interquartile range; OHCA, out-of-hospital cardiac arrest; PAD, public-access defibrillation; PICO, population, interven-
tion, comparator, outcome; PICOST, population, intervention, comparator, outcomes, study design, timeframe; PPV, positive-pressure ventilation; RCT, randomized
controlled trial; SARS, severe acute respiratory syndrome; ScopRev, scoping review; and SGA, supraglottic airway.

*Complete EvUps are in Supplemental Appendix B.

(87.5% versus 25%) and survival with favorable func-
tional outcome (52.6% versus 7.4%) were higher in the
in-water resuscitation cohort.5® Another study describes
significantly worse functional outcomes in children who
drowned who experienced cardiac arrest compared
with respiratory arrest only (81% versus 0%; P<0.001).
Intervening with ventilation early in the arrest process
before the heart has stopped (ie, addressing the hypoxic
mechanism) may improve outcomes.®®

The recommendation for a compression-first strat-
egy (C-A-B) for lay rescuers prioritizes simplicity and

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095

cohesiveness in training recommendations for laypeo-
ple, with the goal of faster resuscitation initiation. The
recommendation is supported by manikin studies find-
ing that there was limited delay in ventilation even with
a compression-first strategy.

The recommendation for health care professionals
and those with a duty to respond to consider providing
rescue breaths/ventilation first (A-B-C) considers the
indirect evidence suggesting that earlier ventilations may
improve outcomes. Itis unclear whether earlier ventilation
may improve outcomes after cardiac arrest has occurred
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or if the benefit is exclusively in preventing respiratory
arrest from deteriorating into cardiac arrest.

Task Force Knowledge Gaps
* No studies directly evaluated this question.
¢ Further research informed by the Utstein template
for drowning may address this ongoing uncertainty.

Topics Reviewed by EvUps

The topics reviewed by EvUps are summarized in Table 6,
with the PICO number, existing treatment recommenda-
tion, number of relevant studies identified, key findings,
and whether a SysRev was deemed worthwhile. Com-
plete EvUps can be found in Supplemental Appendix B.

ALS TASK FORCE

Temperature Management After Cardiac Arrest
(SysRev)

Rationale for Review

Active temperature control has been a cornerstone of
care for those who remain comatose after cardiac ar-
rest. This SysRev was prompted by the publication of
2 large randomized trials comparing different strate-
gies of temperature management since the previous
ILCOR review in 2015657 A SysRev was therefore con-
ducted on behalf of the ALS Task Force (PROSPERO;
CRD42020217954).5%¢ The complete CoSTR can be
found online.®®

PICO, Study Design, and Time Frame
For this PICO, study design, and time frame, 6 compari-
sons were included. Population, outcome, study design,
and time frame included were the same for all com-
parisons.
* Population: Adults in Any Setting (In-Hospital or
Out-of-Hospital) With Cardiac Arrest

Use of TTM
* Intervention: TTM at 32°C to 34°C
» Comparator:  No TTM (normothermia/fever
prevention)
Timing
* Intervention: TTM induction before a specific time
point (eg, prehospital or intracardiac arrest, ie,
before ROSC)
» Comparator: TTM induction after that specific time
point
Temperature
* Intervention: TTM at a specific temperature (eg,
33°0C)
» Comparator: TTM at a different specific tempera-
ture (eg, 36°C)

e498 December 20/27, 2022
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Duration
* Intervention: TTM for a specific duration (eg, 48
hours)
* Comparator: TTM at a different specific duration
(eg, 24 hours)

Method
* Intervention: TTM with a specific method (eg,
external)
» Comparator: TTM with a different specific method
(eg, internal)

Rewarming

* Intervention: TTM with a specific rewarming rate

+ Comparator: TTM with a different specific rewarm-
ing rate or no specific rewarming rate

+ Qutcome: Critical—Survival and favorable neurologi-
cal/functional outcome at discharge/>30 days

+ Study design: Controlled trials in humans, including
RCTs and nonrandomized trials (eg, pseudorandom-
ized trials). Observational studies, ecological studies,
case series, case reports, reviews, abstracts, edito-
rials, comments, letters to the editor, and unpub-
lished studies were excluded. Studies assessing
cost-effectiveness were included for a descriptive
summary.

 Time frame: All years and all languages were included
if there was an English abstract. The literature search
was conducted on October 30, 2020, and updated
for clinical trials on June 17, 2021.

Consensus on Science

The search identified 2328 unique records, of which
139 full-text articles were assessed for eligibility. Articles
reporting data from 32 trials published between 2001
and 2021 were included. The search identified 1 cost-
effectiveness analysis. We did not identify any trials as-
sessing rewarming rate.

A Note on Terminology

In the SysReyv, studies were pooled such that the in-
tervention labeled as TTM in the PICO question was
targeting hypothermia (32°C-34°C), and the com-
parator labeled as no TTM was targeting normother-
mia or fever prevention. To avoid confusion and to
accurately reflect the content of the included trials, we
have replaced the term TTM with temperature control
with hypothermia, and we replaced no TTM with tem-
perature control with normothermia or fever preven-
tion. To provide additional clarity for interpreting future
clinical trials, SysRevs, and CoSTRs, the Task Force
proposes new ILCOR definitions for the various forms
of temperature control in post—cardiac arrest care un-
der Justification and Evidence-to-Decision Framework
Highlights.

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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Table 7 Summary of Key Findings From 6 RCTs Comparing Temperature Control With Hypothermia to Temperature Control

With Normothermia or Fever Prevention

Certainty of
Outcomes (importance) Participants, studies, n evidence (GRADE) | RR (95% CI) Anticipated absolute effects
Survival to hospital discharge 2836 patients, 5 RCTg®06163-65 | | ow 1.12 (0.92-1.35) 55 patients more/1000 (37 fewer—161 more)
(critical)
Favorable neurological outcome | 2139 patients, 3 RCTs®06"63 Low 1.30 (0.83-2.03) 115 patients more/1000 (65 fewer—395 more)
at discharge or 30 d (critical)
Survival to 90 or 180 d (critical) | 2776 patients, 5 RCTs®'- Low 1.08 (0.89-1.30) 35 patients more/1000 (48 fewer—130 more)
Favorable neurological outcome | 2753 patients, 5 RCTs®'-% Low 1.21 (0.91-1.61) 76 patients more/1000 (33 fewer—222 more)
at 90 or 180 d (critical)

GRADE indicates Grading of Recommendations Assessment, Development, and Evaluation; RCT, randomized controlled trial; and RR, risk ratio.

Use of Temperature Control With Hypothermia

We identified 6 RCTs comparing the use of temperature
control with hypothermia and temperature control with
normothermia or fever prevention.f%%® No differences
were found across any outcome, and key results are pre-
sented in Table 7.

Use of Prehospital Cooling

We identified 10 RCTs®"" comparing the use of prehos-
pital cooling with no prehospital cooling after OHCA, and
no differences in critical outcomes were found (Table 8).

Specific Temperature Comparisons

A single large RCT® now known as the TTM trial, com-
pared temperature control at 33°C with temperature
control at 36°C and found no statistically significant dif-
ference in patient outcomes. Key results are presented in
Table 9. Two much smaller RCTs compared management
at 32°C versus 34°C, 32°C versus 33°C, and 33°C ver-
sus 34°C, finding no statistically significant difference
for any of the comparisons.”®

Duration of Cooling

A single RCT™ including 451 patients found no statisti-
cally significant difference in survival or favorable neuro-
logical outcome at 6 months between 48 and 24 hours
of temperature control with hypothermia.

Method of Temperature Control

Three RCTs®# including a total of 523 patients found
no difference in survival or favorable neurological out-
come at hospital discharge/28 days with endovascular
cooling compared with surface cooling devices.

Rewarming
No studies were identified evaluating rewarming strate-
gies.

Table 8. Key Outcomes From RCTs of Prehospital Cooling

Treatment Recommendations

We suggest actively preventing fever by targeting a tem-
perature <37.5°C for patients who remain comatose af-
ter 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
system based on continuous temperature monitor-
ing to maintain the target temperature (good practice
statement).

We suggest active prevention of fever for at least 72
hours in post—cardiac arrest patients who remain coma-
tose (good practice statement).

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

In making these recommendations, the ALS Task
Force agreed that we should continue to recom-
mend active temperature control to prevent fever in

Outcomes (importance) Participants, studies, n

Certainty of
evidence (GRADE) | RR (95% CI)

Anticipated absolute effects

Survival to hospital discharge (critical) | 4808 patients, 10 RCTs®7°

Moderate

1.01 (0.92-1.11) 2 patients more/1000 (19 fewer-27 more)

Favorable neurological outcome at
discharge (critical)

4666 patients, 9 RCTs®066-72475 | Moderate

1.00 (0.90-1.11) | O patients fewer/1000 (22 fewer—24 more)

GRADE indicates Grading of Recommendations Assessment, Development, and Evaluation; RCT, randomized controlled trial; and RR, risk ratio.
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Table 9. Effect on Critical Outcomes of Temperature Control at 36°C Compared With 33°C

Certainty of evidence
Outcomes (importance) Participants, studies, n | (GRADE) RR (95% CI) Anticipated absolute effects
Favorable neurological outcome at | 933 patients, 1 RCT"® Low 0.98 (0.86-1.13) 10 patients fewer/1000 (68 fewer—63 more)
180 d (critical)
Survival at 180 d (critical) 939 patients, 1 RCT™ Low 0.99 (0.88-1.12) 5 patients fewer/1000 (63 fewer—63 more)
Favorable neurological outcome at | 938 patients, 1 RCT"® Low 0.96 (0.83-1.11) 18 patients fewer/1000 (78 fewer—-50 more)
discharge (critical)

GRADE indicates Grading of Recommendations Assessment, Development, and Evaluation; RCT, randomized controlled trial; and RR, risk ratio.

post—cardiac arrest patients, although the evidence for
this is limited.

The ALS Task Force also discussed the terminology
of temperature control and felt that current terminology
is somewhat problematic. The term TTM on its own is
not helpful, and it is preferable to use the terms active
temperature control, hypothermia, normothermia, or fever
prevention. The ALS Task Force has also avoided use
of the term TTM because this term is now very closely
linked to the TTM and TTM2 RCTs. To provide additional
clarity for interpreting future clinical trials, SysRevs, and
CoSTRs, the Task Force proposes that the following
terms be used:

+ Temperature control with hypothermia: Active tem-
perature control with the target temperature below
the normal range

 Temperature control with normothermia: Active tem-
perature control with the target temperature in the
normal range

* Temperature control with fever prevention:
Monitoring temperature and actively preventing and
treating temperature above the normal range

* No temperature control: No protocolized active tem-
perature control strategy

The majority of the ALS Task Force favored fever pre-
vention as a strategy over hypothermia on the basis of
evidence and because this intervention requires fewer
resources and had fewer side effects than hypother-
mia treatment. The specifics of how normothermia was
achieved were thought to be important, and the Task Force
noted that in the TTM2 trial®' pharmacological measures
(acetaminophen), uncovering the patient, and lowering
ambient temperature were used to maintain a temperature
of <875°C (99.5°F) in the normothermia/fever prevention
group. If the temperature was >37.7°C (99.9°F), a cooling
device was used and set at a target temperature of 37.6°C
(99.5°F). Ninety-five percent of patients in the hypother-
mia group and 46% in the fever prevention group received
temperature control with a device.

Several members of the task force wanted to leave
open the option to use hypothermia (33°C). The discus-
sions included the following:

* No trials have shown that normothermia is better

than hypothermia.

* Among patients with nonshockable cardiac arrest,
the Hyperion trial®* showed better survival with

eb00 December 20/27, 2022

favorable functional outcome in the hypothermia
group (although 90-day survival was not signifi-
cantly different and the Fragility Index was only 1).

* The largest temperature control studies have
included mainly cardiac arrests with a primary car-
diac cause, and this may not reflect the total popula-
tion of post—cardiac arrest patients treated.

+ Concerns were raised that the TTM2 trial cooling
rates, which were similar to those in other studies,
were too slow and that the time to target tempera-
ture was outside the therapeutic window.

* There was a unanimous desire to leave open the
opportunity for further research on post—cardiac
arrest hypothermia.

+ There were concerns that poor implementation of
temperature control may lead to patient harm. For
example, the publication of the TTM trial in 2013
may have led to some clinicians abandoning tem-
perature control after cardiac arrest, which in turn
was associated with worse outcomes 8378°

» The comparison between 33°C and 36°C was
included in a sensitivity analysis of 33°C versus
normothermia/fever prevention. This did not change
the point estimates.

* The task force made a good practice statement sup-
porting the avoidance of active warming of patients
who have passively become mildly hypothermic (eg,
32°C-36°C) immediately after ROSC because
there was concern that rewarming may be a harm-
ful intervention. In the TTMZ2 trial, patients in the nor-
mothermia/fever prevention arm who had an initial
temperature >33°C were not actively warmed.?! In
the Hyperion trial, patients allocated to normother-
mia whose temperature was <36.5°C at random-
ization were warmed at 0.25°C/h to 0.5°C/h and
then maintained at 36.6°C to 37.56°C.%*

The recommendation about prehospital cooling is un-
changed from 2015 because we found no evidence that
any method of prehospital cooling improved outcomes.
The ALS Task Force recommends against the rapid in-
fusion of large volumes of cold fluid immediately after
ROSC in the prehospital setting because of higher rates
of rearrest and pulmonary edema with that intervention
in the largest of the included studies.™

There was no consensus on whether a feedback (ver-

sus no feedback) cooling device should be used routinely,

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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so this was added as a good practice statement because
there is no evidence that this approach improves out-
comes. There was consensus that temperature should
be continually monitored by the cooling device to enable
active control of temperature and to maintain a stable
temperature. There was a comment that endovascular
cooling may be superior for temperature control. Two
recent SysRevs have conflicting conclusions.2687

Our treatment recommendation on duration of tem-
perature control is a good practice statement based on
trials controlling temperature for at least 72 hours in
those patients who remained sedated or comatose.

Task Force Knowledge Gaps

* Whether fever prevention changes outcome com-
pared with no temperature control

¢ The effect of temperature control after extracorpo-
real CPR

¢ The effect of temperature control after IHCA

* 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) on the basis of the
severity of brain injury

* Whether there are subsets of post—cardiac arrest
patients who would benefit from hypothermic tem-
perature 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

POCUS as a Diagnostic Tool During Cardiac
Arrest (SysRev)

Rationale for Review

A SysRev of the diagnostic accuracy of POCUS was pri-
oritized by the ALS Task Force because ultrasound use
during CPR continues to grow in popularity, often with
the goal of identifying a reversible cause of arrest that
can then be treated. This CoSTR focuses entirely on
POCUS as a diagnostic tool and does not replace the
2021 CoSTR on POCUS as a prognostic tool during
CPR®# The diagnostic SysRev was registered on PROS-
PERO (CRD42020205207) and the full text of the
CoSTR can be found online.89°

PICO, Study Design, and Time Frame
* Population: Adults with cardiac arrest in any setting
* Intervention: A particular finding on POCUS during
CPR

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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+ Comparator: An external confirmatory test or pro-
cess including some component other than POCUS

+ Outcome: Important—A specific cause or patho-
physiological state that may have led to cardiac
arrest

+ Study design: Randomized and nonrandomized tri-
als, cohort studies (prospective and retrospective),
and case-control studies with data on both POCUS
findings and an external reference standard to
contribute to a contingency table (e, true-positive,
false-positive, false-negative, true-negative). Animal
studies, ecological studies, case series, case reports,
narrative reviews, abstracts, editorials, comments,
letters to the editor, and unpublished studies were
not excluded.

* Time frame: All years and all languages were
included if there was an English abstract. The litera-
ture search was updated through October 6, 2021.

Consensus on Science

The overall certainty of evidence was rated as very low
for diagnosis of all target conditions primarily because
of risk of bias, inconsistency, and imprecision. As a re-
sult of critical risk of bias across all included studies
and a high degree of clinical heterogeneity, no meta-
analyses could be performed, and individual studies are
difficult to interpret.

Only a single observational study®' provided sufficient
information to calculate the sensitivity and specificity of
POCUS for specific pathophysiological states, and these
results are summarized in Table 10.

For the target conditions of cardiac tamponade, peri-
cardial effusion, pulmonary embolism, myocardial infarc-
tion, aortic dissection, and hypovolemia, 11 observational
studies®® 92 with a high risk of bias provided sufficient
data to estimate individual positive predictive values only
among small subsets of between 1 and 10 patients with
OHCA, IHCA, or intraoperative cardiac arrest. Individual
estimates of positive predictive value have very wide Cls
and are difficult to interpret in the context of the very
small subsets of subjects.

Treatment Recommendations

We suggest against routine use of POCUS during CPR
to diagnose reversible causes of cardiac arrest (weak
recommendation, very low—certainty evidence).

We suggest that if POCUS can be performed by
experienced personnel without interrupting CPR, it may
be considered as an additional diagnostic tool when clini-
cal suspicion for a specific reversible cause is present
(weak recommendation, very low—certainty evidence).

Any deployment of diagnostic POCUS during CPR
should be carefully considered and weighed against the
risks of interrupting chest compressions and misinter-
preting the sonographic findings (good practice state-
ment).
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Table 10. Sensitivity and Specificity of POCUS for 3 Potential Arrest Causes From a Single Study*®'

Target condition Participants, n Certainty of evidence (GRADE) Sensitivity (95% CI) Specificity (95% CI)
Cardiac tamponade 48 Very low 1.00 (0.29-1.00) 1.00 (0.88-1.00)
Pulmonary embolism 48 Very low 1.00 (0.16-1.00) 0.97 (0.82-0.99)
Myocardial infarction 48 Very low 0.86 (0.57-0.98) 0.94 (0.71-0.99)

GRADE indicates Grading of Recommendations Assessment, Development, and Evaluation; and POCUS, point-of-care ultrasound.

*The reference was autopsy or clinical adjudication in all cases.

Justification and Evidence-to-Decision Framework
Highlights

In making these recommendations, the ALS Task Force
discussed that the inconsistent definitions and terminology
used for sonographic evidence of specific causes of car-
diac arrest were the primary source of clinical heterogene-
ity and that the establishment of uniform definitions and
terminology to describe sonographic findings of reversible
causes of cardiac arrest is very important.

The identified studies all have high risk of bias related
to selection bias and ascertainment bias. Verification
bias (when availability or use of the reference standard
is influenced by test-positive or test-negative status) was
present in all but 1 of the included studies. We strongly
encourage subsequent investigations of POCUS during
cardiac arrest to use methodology that mitigates these
risks of bias, including standardized definition of time
intervals for imaging acquisition, assessment of image
quality, and experience of the sonographer, among others.

The task force discussed that the diagnostic utility of
POCUS is affected by the clinical context. For example, a
postoperative cardiac surgery patient with cardiac arrest
may have a higher pretest probability for specific causes
such as cardiac tamponade, pulmonary embolism, or
acute hemorrhage. Conversely, the diagnostic utility of
POCUS may be more limited in the context of undiffer-
entiated cardiac arrest in the out-of-hospital setting.

Evidence showing that POCUS may increase the
length of pauses in chest compressions was discussed
as a very important consideration, especially given the
lack of evidence for benefit from the use of POCUS, 108104
Some studies suggest that transesophageal echocar-
diography can eliminate this problem.'%5-1%7

The task force noted that POCUS findings that may
indicate myocardial infarction or pulmonary embolism
outside of cardiac arrest may be much less specific
during CPR. For example, wall motion abnormalities
may result from the ischemia of a low-flow state or a
preexisting infarct as opposed to a de novo myocardial
infarction. Not treating a reversible cause of cardiac
arrest risks failure of the resuscitation attempt or more
severe post—cardiac arrest injury. Treating an incorrect
diagnosis suggested by POCUS risks iatrogenic injury
or delayed identification of the true underlying cause.

Because of the resources involved and the use
of POCUS in current clinical practice, the task force
expects that most diagnostic applications of POCUS

eb02 December 20/27, 2022

will occur in a hospital-based setting as opposed to the
prehospital setting.

The prognostic utility of POCUS to predict clinical out-
comes is covered in a separate PICO Study Design, and
Time Frame section.®®

Task Force Knowledge Gaps

+ The diagnostic accuracy of POCUS during cardiac
arrest using methodology that sufficiently minimizes
risk of bias, especially selection bias, ascertainment
bias, and verification bias

* Uniform definitions and terminology to describe
sonographic findings of reversible causes of cardiac
arrest or the associated reference standards

+ The interrater reliability of POCUS diagnostic find-
ings during cardiac arrest

* Resource requirements, cost-effectiveness, equity,
acceptability, or feasibility of POCUS use during CPR

* Whether use of POCUS during CPR changes
patient outcomes

Use of Vasopressin and Corticosteroids During
Cardiac Arrest (SysRev)

Rationale for Review

This topic was prioritized by the ALS Task Force for con-
sideration after the publication of a recent RCT'% and
a subsequent SysRev with individual patient data meta-
analysis, which was identified as suitable for adolop-
ment.'® The full text of the CoSTR can be found online.'™°

PICO, Study Design, and Time Frame
* Population: Adults with cardiac arrest in any setting
* Intervention: Administration of the combination of
vasopressin and corticosteroids during CPR
+ Comparator: Not using vasopressin and corticoste-
roids during CPR
+ Outcome:
A. Critical: Health-related quality of life; survival with
favorable functional outcome at discharge, 30,
60, 90, or 180 days, or 1 year; and survival at
discharge, 30, 60, 90, or 180 days or 1 year
B. Important: ROSC
+ Study design: RCTs were eligible for inclusion.
Observational studies and unpublished studies (eg,
conference abstracts, trial protocols) were excluded.
* Time frame: All years and all languages were
included if there was an English abstract.

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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Table 11. Meta-Analysis of Effect of Vasopressin and Corticosteroids on Clinical Outcomes

Outcomes (importance) Participants, studies, n

Certainty of
evidence (GRADE)

OR (95% CI) Anticipated absolute effects

Favorable functional outcome at
hospital discharge (critical)

869 patients, 3 RCTs'8 11112 Low

1.64 (0.99-2.72) 37 patients more/1000 (1 fewer—93 more)

Survival to discharge (critical) 869 patients, 3 RCTg!0®111112 Low

1.39 (0.90-2.14) 34 patients more/1000 (9 fewer—-91 more)

ROSC (important) 869 patients, 3 RCTg!0®111112 Moderate

2.09 (1.54-2.84) 181 more/1000 (108 more—249 more)

GRADE indicates Grading of Recommendations Assessment, Development, and Evaluation; OR, odds ratio; RCT, randomized controlled trials; and ROSC, return

of spontaneous circulation.

Consensus on Science
Three RCTs'98111.112 were identified, all of which included
patients with [HCA only.

In-Hospital Cardiac Arrest
One of the included trials,'®® which enrolled 501 patients,
assessed health-related quality of life at 90 days mea-
sured by the EuroQol b Dimension b Level tool. Data
were available from all 44 patients who survived to 90
days, and there was no difference in the EuroQol 5 Di-
mension b Level score.

Results from the meta-analysis of the 3 included RCTs
for other clinical outcomes are presented in Table 11.

Out-of-Hospital Cardiac Arrest

We did not find any evidence specific to OHCA. There-
fore, all the results for this population were the same,
with the evidence downgraded for indirectness for the
OHCA population.

Treatment Recommendations
We suggest against the use of the combination of va-
sopressin and corticosteroids in addition to usual care
for adult IHCA because of low confidence in effect esti-
mates for critical outcomes (weak recommendation, low-
to moderate-certainty evidence).

We suggest against the use of the combination of
vasopressin and corticosteroids in addition to usual care
for adult OHCA (weak recommendation, very low— to
low-certainty evidence).

Justification and Evidence-to-Decision Framework
Highlights
In making these recommendations, the ALS Task Force
considered that the intervention (vasopressin and corti-
costeroids) given intra-arrest improved ROSC, but this
did not clearly translate into an effect on other outcomes.
In all studies, the combination of vasopressin and
corticosteroids was administered in addition to standard
intra-arrest treatments, including epinephrine and defi-
brillation. The task force noted that the earlier 2 stud-
ies'""12 reported improvements in outcomes beyond
ROSC (eg, survival, favorable neurological outcome), but
these effects were not observed in the later study.'® The
earlier 2 studies included post-ROSC corticosteroids
in addition to the intra-arrest vasopressin and steroids,
which was not the case in the more recent study. The

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095

earlier 2 studies were considered by the ILCOR ALS
Task Force in 2015' to be not sufficiently generaliz-
able (eg, high rate of asystolic cardiac arrest, low base-
line survival rate) for the task force to make a treatment
recommendation supporting the use of the combination
of vasopressin and corticosteroids.

The task force noted that the incorporation of these
drugs into ALS treatment would present practical chal-
lenges because the addition of new drugs would add
complexity to current treatment protocols. This was
thought not to be warranted at this time, given the low
confidence in effect estimates for any outcomes beyond
ROSC, as well as the fact that only the earlier trials
including post-ROSC steroids reported any difference in
survival outcomes.

The task force noted that time to drug administra-
tion was longer in the trial when this was led by the
cardiac arrest team'%® rather than dedicated research
staff.”""2 Time to drug administration would likely
be markedly longer in the prehospital setting. We dis-
cussed the potential interaction between vasopressin
and corticosteroids and the current uncertainty as to
whether either drug alone or the combination was driv-
ing the observed effect on ROSC.

The potential value of an improvement in ROSC
when there was no observed effect on longer-term
outcomes was discussed. The task force has previ-
ously suggested some other interventions without a
clear survival benefit (eg, amiodarone or lidocaine for
refractory shockable rhythm). Those drugs, however,
appear to have a survival benefit in some subgroups
(ie, witnessed arrest), which was not clearly the case
for vasopressin and steroids.

Task Force Knowledge Gaps

* Whether the combination of vasopressin and cor-
ticosteroids, in addition to current standard resus-
citation, improves survival or favorable functional
outcome

* Whether improvement in ROSC with the combina-
tion of vasopressin and corticosteroids is a result of
the specific combination of drugs or if only 1 of the
medications is producing the effect

* How timing of administration of the combination
of vasopressin and corticosteroids during cardiac
arrest modifies the effect
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Post-Cardiac Arrest Coronary Angiography
(SysRev)

Rationale for Review

A SysRev was conducted and a new CoSTR was gener-
ated on this topic for 2021.88 The search was updated
this year to incorporate a new RCT on this topic and to
identify any other relevant studies since publication of
the previous SysRev. The original review was registered
on PROSPERO (CRD42020160152).''4

PICO, Study Design, and Time Frame

+ Population: Unresponsive adults (>18 years of age)
with ROSC after cardiac arrest

* Intervention: Emergent or early (2-6 hours) CAG
with percutaneous coronary intervention (PCI) if
indicated

+ Comparator: Delayed CAG (within 24 hours)

* QOutcome:

A. Critical: Survival to hospital discharge; functional
survival to intensive care unit or hospital dis-
charge; survival at 30, 90, and 180 days; func-
tional survival at 30, 90, and 180 days

B. Important: Survival at 24 hours, coronary artery
bypass graft, successful PCl, PCl frequency and
adverse events of brain damage, recurrent car-
diac arrest, arrhythmias, pneumonia, bleeding,
acute worsening renal failure, injury or replace-
ment therapy, shock, sepsis

* Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eligi-
ble for inclusion for the 2021 CoSTR. Unpublished
studies (eg, conference abstracts, trial protocols),
case series, and case reports were excluded. For
this 2022 update, only additional RCTs published
since the prior search were included.

» Time frame: All years and all languages were
included if there was an English abstract. The initial
search was run on April 29, 2020. For the 2022
update, the search was rerun on January 7, 2022.

2022 ILCOR CoSTR Summary

Consensus on Science

One new RCT and 1 secondary analysis of a previous
RCT were identified."'®""® This enabled additional meta-
analyses of several critical outcomes for patients with
no ST-segment elevation on a post-ROSC ECG, and
these results are included here by subgroup of initial
rhythm.

All Initial Rhythms and No ST-Segment Elevation

No statistically significant difference was noted in any of
the critical outcomes comparing early CAG with late or
no CAG. The updated results are presented in Table 12.
Previously reported results from single studies are in-
cluded in the full online CoSTR.'"®

Shockable Initial Rhythm, No ST-Segment Elevation
The new RCT'™® enrolled patients with all initial rhythms
but provided a subgroup analysis of patients with initial
shockable rhythm. A meta-analysis including the new
data from the RCT and new data from a long-term out-
come analysis of a previous trial''® is presented in Ta-
ble 13. Results from single studies and all results with no
new data from the 2021 CoSTR are available in the full
online CoSTR."'®

All Initial Rhythms With ST-Segment Elevation

No new evidence was identified for this group. Previously
reported evidence showed no statistically significant dif-
ference in outcomes based on early angiography or no
early angiography. These results are presented in more
detail in the online CoSTR.''®

Adverse Events

New meta-analyses were performed that included the
1 additional RCT identified since the last review.'’®
No significant differences were seen in any of the re-
ported adverse outcomes, including ischemic stroke,
intracranial bleeds, recurrent cardiac arrest, cardiac
arrhythmias, pneumonia, acute pulmonary edema,
bleeding, and acute kidney failure. Additional details,
including meta-analysis results, are included in the
online CoSTR.""®

Table 12. Meta-Analysis Results for Effect of Early Versus Late or No CAG in Patients With Any Initial Rhythm and No ST-Seg-

ment Elevation After Cardiac Arrest

Certainty of RR

Outcomes (importance) Participants, studies, n | evidence (GRADE) | (95% CI) Anticipated absolute effects

Functional survival at 30 d (critical) 629 patients, 2 RCTs''>'"7 | Low 0.92 (0.66-1.29) 30 patients fewer/1000 (146 fewer—103
more)

Survival to 30 d (critical) 629 patients, 2 RCTs"">'"7 | Low 0.96 (0.70-1.33) 18 patients fewer/1000 (174 fewer-135
more)

PCI frequency (important) Intention-to-treat | 629 patients, 2 RCTs''5'"” | High 1.37 (1.07-1.74) 94 more/1000 (20 more—174 more)

analysis (all randomized patients)

PCI frequency (important) Per-protocol analy- | 485 patients, 2 RCTs'">'7 0.86 (0.68-1.07 62 fewer/1000 (143 fewer—28 more)

sis (only patients who received angiography)

CAG indicates coronary angiography; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; PCI, percutaneous intervention; RCTs,

randomized controlled trials; and RR, relative risk.
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Table 13. Meta-Analysis Results for Effect of Early Versus Late or No CAG in Patients With Initial Shockable Rhythm and No

ST-Segment Elevation After Cardiac Arrest

Certainty of
Outcomes (importance) Participants, studies, n evidence (GRADE) | RR (95% CI) Anticipated absolute effects
Survival to hospital discharge/30 d (critical) | 552 patients, 2 RCTs''®''® | Low 0.96 (0.84-1.10) 25 patients fewer/1000 (112

fewer—55 more)

(critical)

Quality of life per RAND-36 physical 235 patients, 1 RCT''® Very low No difference in mean values | Not applicable
score (critical)
Quality of life per RAND-36 mental score | 235 patients, 1 RCT"*® Very low No difference in mean values | Not applicable

GRADE indicates Grading of Recommendations Assessment, Development, and Evaluation; RAND-36, RAND Corp 36-ltem Short Form Survey; RCT, randomized

controlled trial; and RR, relative risk.

Treatment Recommendations
When CAG is considered for comatose postarrest pa-
tients without ST-segment elevation, we suggest that
either an early or a delayed approach for angiography
is reasonable (weak recommendation, low-certainty
evidence).

We suggest early CAG in comatose post—cardiac
arrest patients with ST-segment elevation (good practice
statement).

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

This updated review used the search strategy from the
2021 CoSTRS® restricting the inclusion criteria to RCTs
only. We found 1 new RCT'® and 1 analysis of long-term
outcomes from a previously included RCT.""® The new
RCT enabled additional meta-analyses for some critical
outcomes, but the overall results, and therefore the treat-
ment recommendations, remain unchanged.

Without ST-Segment Elevation

In making the above recommendations, the ALS Task
Force weighed the fact that we did not find sufficient
evidence to demonstrate improved outcomes with early
angiography for post—cardiac arrest patients without
ST-segment elevation regardless of presenting cardiac
arrest rhythm (shockable or nonshockable). Patients in
cardiogenic shock after arrest were excluded from all
studies, and there is unlikely to ever be clinical equi-
poise to support a randomized trial of delayed interven-
tion in the shock cohort. There may be subgroups of
patients without ST-segment elevation with high-risk
features who would benefit from earlier CAG.

Itis important to note that this review examined early
CAG compared with a combined control group of late
CAG or no CAG. It may be that survival and functional
survival may not be the right outcomes to measure
harm or benefit from an intervention that adjusts the
timing of PCl in postarrest patients. We know that most
patients admitted to hospital after cardiac arrest do not
die of cardiac complications but instead die as a result

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095

of neurological injury. There are no significant differ-
ences in adverse event rates with either time interval.

With ST-Segment Elevation

For comatose patients with ST-segment elevation, there
is no randomized clinical evidence for the timing of
CAG. The task force acknowledges that early CAG, and
percutaneous intervention if indicated, is the current
standard of care for patients with ST-segment—eleva-
tion myocardial infarction who did not have a cardiac
arrest. We found no compelling evidence to change this
approach in patients with ST-segment elevation after
cardiac arrest.

Task Force Knowledge Gaps

* Lack of a consistent definition for comparable time
intervals to treatment for early compared with late
angiography and PCI

* Whether early CAG improves survival/survival with
favorable neurological outcome for postarrest
patients with ST-segment elevation

* Whether angiography compared with no angiogra-
phy improves outcomes in postarrest patients

* Whether angiography and PCI may improve out-
comes in the no ST-segment elevation cohort who
present in shock

* Whether CAG changes outcomes after IHCA

* Limited evidence for longer-term outcomes

* Relatively few studies examining health-related
quality of life outcomes

* Whether newer or alternative end points such as
functional or biochemical measures may show a
benefit with timing of CAG in patients with cardiac
arrest

Topics Reviewed by EvUps

The topics reviewed by EvUps are summarized in
Table 14, with the PICO number, existing treatment
recommendation, number of relevant studies identi-
fied, key findings, and whether a SysRev was deemed
worthwhile. Complete EvUps can be found in Supple-
mental Appendix B.
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Table 14. Topics Reviewed by EvUps

2
= Sufficient
= ; RCTs since | Observational data to
E E Year last last review, | studies since warrant
=a Topic/PICO updated | Existing treatment recommendation n last review, n | Key findings SysRev?
s =
>

= Vasopressors | 2019 We recommend administration of epinephrine during CPR 0 (2 sub- 10 Studies support the | No
(=] g during cardiac | CoSTR (strong recommendation, low- to moderate-certainty evidence). studies of a effect of survival but
= . .
=< arrest (ALS For nonshockable rhythms (PEA/asystole), we recommend .prlor'F\"CT uncertain effect on
© 659) administration of epinephrine as soon as feasible during CPR identified) f””Ct'O”a! outcome.

(strong recommendation, very low—certainty evidence). lObservalltlonal stud-

For shockable rhythms (VF/pVT), we suggest administration of I.es. continue to b?

. . o s limited by resuscita-
epinephrine after initial defibrillation attempts are unsuccessful - .
- . ) . tion time bias.

during CPR (weak recommendation, very low—certainty evidence).

We suggest against the administration of vasopressin in place

of epinephrine during CPR (weak recommendation, very low—

certainty evidence).

We suggest against the addition of vasopressin to epinephrine

during CPR (weak recommendation, low-certainty evidence).

Cardiac arrest | 2020 We suggest administering fibrinolytic drugs for cardiac arrest | O 4 Small studies that do | No

from PE (ALS | CoSTR when PE is the suspected cause of cardiac arrest (weak rec-
581) ommendation, very low—certainty evidence).

not change manage-
ment; there is a need
for an EvUp focusing
on ECPR for cardiac
arrest from PE.

We suggest the use of fibrinolytic drugs, surgical embolec-
tomy, 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 extracorporeal life support (ECPR) techniques was
addressed in the 2019 ILCOR CoSTR.

We suggest that ECPR may be considered 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 recommendation, very low—certainty evidence).

ALS indicates advanced life support; CoSTR, International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With
Treatment Recommendations; CPR, cardiopulmonary resuscitation; ECPR, extracorporeal cardiopulmonary resuscitation; EvUp, evidence update; ILCOR, Inter-
national Liaison Committee on Resuscitation; PE, pulmonary embolism; PEA, pulseless electric activity; PICO, population, intervention, comparator, outcome; pVT,
pulseless ventricular tachycardia; RCT, randomized controlled trial; SysRev, systematic review; and VF, ventricular fibrillation.

* 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.

» Time frame: All years and all languages were
included if there was an English abstract. The initial
search was done on January 25, 2021, and updated
on November 3, 2021.

PEDIATRIC LIFE SUPPORT
Public-Access Devices (SysRev)

Rationale for Review

This topic was chosen because of growing literature
on the inclusion of children in public-access defibril-
lation programs, the increasing use of AEDs for chil-
dren generally, and the wider availability of AEDs in
the community. The review was conducted on behalf
of both the PLS and BLS Task Forces (PROSPERO;
CRD42017080475). The full text of this CoSTR is
available on the ILCOR website.'®

Consensus on Science

The search identified 1163 unique articles, and 4 obser-
vational studies were included. Three articles™'"'2% were
from the CARES (Cardiac Arrest Registry to Enhance Sur-
vival) database in the United States. The data reported did
not correspond to the PICO study design and time frame
question in a usable manner, although AED use was part
of the analyses. Raw data provided by CARES included the

PICO, Study Design, and Time Frame
* Population: Infants, children, and adolescents with
nontraumatic OHCA
* Intervention: Application of, or shock delivery from,
an AED by lay rescuers

€20z /. Arenuer uo Aq Bio'sfeuno feye/:dny wouy papeojumoq

» Comparator: Standard care by lay rescuer without
AED application
* Outcome:
A. Critical: survival and functional outcome at hos-
pital discharge
B. Important: ROSC; other outcomes as available

eb06 December 20/27, 2022

number of children who had a cardiac arrest, age groups
of those children, the number who had an AED applied,
and the outcomes at hospital discharge. From those num-
bers, the relative risk of survival if an AED was applied was
calculated. Because several studies from the Japanese
Fire and Disaster Management Agency had overlapping

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095



€20z /. Arenuer uo Aq Bio'sfeuno feye/:dny wouy papeojumoq

Wyckoff et al

dates for data inclusion, the last article'?* (the most time
inclusive) was chosen to avoid duplication of data.

Given the age-dependent risk of a shockable rhythm
and age-dependent chance of survival, we analyzed the
data in 3 age groups: <1, 1 to 12, and 13 to 18 years of
age. The overall certainty of evidence was rated as very
low for all outcomes, and the risk of bias was too high to
enable meta-analysis. Table 15 summarizes the relative
risks for the critical outcomes of Cerebral Performance
Category (CPC) of 1 to 2 at 1 month, CPC of 1 to 2 at
hospital discharge, and hospital discharge and bystander
CPR with AED.

Treatment Recommendations

We suggest the use of an AED by lay rescuers for all

children >1 year of age who have nontraumatic OHCA

(weak recommendation, very low—certainty evidence).
We cannot make a recommendation for or against the

use of an AED by lay rescuers for all children <1 year of

age with nontraumatic OHCA.

Justification and Evidence-to-Decision Framework
Highlights

The complete evidence-to-decision table is provided in
Supplemental Appendix A.

For Children >1 Year of Age

In making these recommendations, the PLS Task Force
considered that in all of the included studies, only a
small percentage of children had an AED applied or
shock delivered. The evidence showed that 120 of
7591 children from the CARES database had an AED
applied and that 220 of 5899 children in the Japanese
study had a shock delivered.”?"""?* In making a weak
recommendation, we considered the high relative risk
and the relatively low number needed to treat for im-
proved hospital discharge and favorable neurological
outcomes at hospital discharge or 30 days, but we rec-
ognized that relatively few patients had an AED applied.
There may be significant selection bias in those children
who had the AED applied. The rescuers who applied
the AED may be those who had a greater skill set and
thus provided higher-quality CPR. In addition to treating
shockable rhythms, AEDs provide instructions on CPR,
which may help lay rescuers to perform CPR even if a
shock is not required and dispatch instructions are not
available.

The task force did not evaluate outcomes with chest
compressions only versus chest compressions with res-
cue breaths because of the few children who had AEDs
applied. There was substantial discussion about the
potential for harm in applying an AED by delaying CPR
and increasing the number and duration of pauses. In
making a final recommendation, we acknowledged that
the data were from nonselected rescuers and those
events likely occurred, but the relative risks were still sig-
nificantly in favor of AED application.

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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For Children <1 Year of Age

The task force had a robust discussion about this treat-
ment recommendation. In making no recommendation
about the use of AEDs in children <1 year of age, the
task force considered the lack of a significant differ-
ence in outcomes. However, few patients (12) in this
age group had an AED applied, and only 1 survived.
This may have resulted in a type Il error; thus, the task
force did not make any recommendation. The task
force recognized that there is a small population of
infants who do have shockable rhythms, mainly those
with inherited arrhythmia syndromes or congenital cya-
notic cardiac disease. These infants could benefit from
AED application. In the absence of dispatch CPR in-
structions, AEDs assist lay rescuers by providing CPR
instructions, which could increase survival in infants
without shockable rhythms.

Task Force Knowledge Gaps

» Absence of RCTs of AED use in children

* The interaction between high-quality CPR and
the effect of AED application. This is particularly
important in light of the importance of rescue
breaths with chest compressions in pediatric car-
diac arrest.

* Whether AED application alters outcomes on the
basis of the type of CPR provided, that is, potential
delay in the initiation of chest compressions, chest
compression—only CPR, or conventional CPR with
compressions and rescue breathing

* Whether AED application affects survival/functional
survival beyond 30 days

* Whether there are possible advantages to using
the pediatric modifications of AED application for
younger children, especially those <8 years of age
or who weigh <25 kg

* Whether the application of an AED is beneficial
beyond shock delivery such as by directing the res-
cuer to perform appropriate actions.

PEWSs With or Without Rapid Response Teams
(SysRev)

Rationale for Review

This SysRev was prompted by our ScopRev of pediatric
early warning scores conducted in 2020'?° and was un-
dertaken to review our current treatment recommenda-
tions for PEWSs (PROSPERQO; CRD42021269579).
PEWSs encompass both the use of an early warning
score and a protocolized response to that score. The
full text of this CoSTR can be found on the ILCOR
website.?6

PICO, Study Design, and Time Frame
* Population: Infants, children, and adolescents in any
inpatient setting
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Table 15. Summary of Outcomes for Children for Whom an AED Was Applied Compared With Those With No

AED Applied, by Age Group

CPC 1 to 2 at hospital discharge,
Age, y Hospital discharge RR (95% CI) | RR (95% CI) CPC 1 to 2 at 1 mo, RR (95% CI)
<{r2-12s 1.43 (0.22-9.37) 1.82 (0.28-11.96)
1-12121-123 3.04 (2.18-4.25) 3.85 (2.69-5.5)
13-18121-128 3.38 (2.74-4.16) 3.75 (2.97-4.72)
0-17122 1.55 (1.12-2.12) 1.49 (1.11-1.97)
6-17'24 12.12 (4.97-17.12)

AED indicates automated external defibrillator; CPC, Cerebral Performance Category; CPR, cardiopulmonary resuscitation; and RR, relative risk.

* Intervention: PEWSs with or without rapid response
teams or medical emergency teams

« Comparator: No PEWS or standard care (without a
scoring system)

* QOutcome:

A. Critical: significant clinical deterioration event,
including but not limited to (1) unplanned/crash
tracheal intubation, (2) unanticipated fluid resus-
citation and inotropic/vasopressor use, (3) CPR
or extracorporeal membrane oxygenation, and
(4) death in patients (all-cause mortality) without
a do-not-attempt-resuscitation order

B. Important: unplanned code events

» 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.

» Time frame: All years and all languages were
included if there was an English abstract. The litera-

ture search was updated to June 26, 2021.

Consensus on Science

We identified 12 studies, 1 RCT'" and 11 cohort stud-
ies,'?81%8 for inclusion in our SysRev (Table 16). The
overall certainty of evidence was rated as very low
(downgraded for very serious risk of bias and very seri-
ous imprecision) for all outcomes. Results are summa-
rized in Table 16.

Treatment Recommendations

We suggest using PEWSs to monitor hospitalized chil-
dren, with the aim of identifying those who may be deteri-
orating (weak recommendation, low-certainty evidence).

Justification and Evidence-to-Decision Framework
Highlights

The full evidence-to-decision table is provided in Supple-
mental Appendix A.

In making these recommendations, the PLS Task Force
considered the following: PEWSs should be part of an
overall clinical response system, with the task force placing
a higher value on improving health care providers' ability
to recognize and intervene for patients with deteriorating
illness over the expense incurred by a health care system
committing significant resources to implement these sys-
tems. The task force also noted that the complex process
of optimizing patient care is likely to include both the imple-
mentation of PEWSs and ongoing education for health
care providers. The PLS Task Force agreed that the deci-
sion to use PEWSs should be balanced between the use
of existing resources and the capabilities of the health care
setting to adapt to its use and the consequences of its use.

Evidence is limited, and there is equipoise about whether
the use of PEWSs significantly decreases in-hospital pedi-
atric mortality, significant clinical deterioration, and cardio-
pulmonary arrest events. In the context of resource-limited
health systems, the need to use health care resources
judiciously is especially important. Although no definitive

Table 16. Summary of the Effect of Use of PEWS Compared With No PEWS on Patient Outcomes

Outcomes Number/type of studies

RR (95% CI)

Comments

Mortality (critical) 1 RCT'¥

1.24 (0.95-1.62)

There was no significant difference in mortality with no

9 cohort studies'?®-1%6

Pooled RR 1.17 (0.98-1.40)

PEWS compared with PEWS. Pooled analysis demonstrat-
ed a trend for increased mortality when no PEWS was used
compared with use of PEWS.

Cardiopulmonary arrest 6 cohort studies'?97132136.137

events (critical) (0.93-1.59)

Pooled IRR/RR, 1.22

There was a trend for increased cardiopulmonary arrest
events with no PEWS compared with PEWS, but this was
not statistically significant.

Significant deterioration 1 RCT'#

1.67 (1.34-2.08)

Pooled analysis of all studies demonstrated a non—

events (critical) 5 cohort studies!28.129.133,134,138

Pooled RR, 1.09 (0.84-1.42)

statistically significant trend of increased significant clinical
deterioration events with no PEWS compared with PEWS;
limited by heterogeneity.

Unplanned code events (im- 4 cohort studies!3.132133,135

portant) (1.01-2.96)

Pooled IRR/RR, 1.73

There was a statistically significant increase in unplanned
code events when no PEWS was compared with PEWS.

IRR indicates incidence rate ratio; PEWS, pediatric early warning system; RCT, randomized controlled trial; and RR, relative risk.
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Table 17 Summary of PLS EvUps
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Observa- Sufficient
RCTs tional stud- data to
since last | ies since warrant
Topic/PICO Year last updated | Existing treatment recommendation review last review | Key findings SysRev?
Sequence of chest | 2020 CoSTR The confidence in effect estimates is so low 0 (0] No new studies identified | No
compressions and that the panel decided a recommendation
ventilations: C-A-B was too speculative.
vs A-B-C (Peds
709)
CCO-CPRvs 2020 EvUp We recommend that rescuers provide rescue | 0 1 One published study sup- | No
conventional CPR | 9017 CoSTR breaths and chest compressions for pediatric ports our current recom-
(Peds 414) IHCA and OHCA. If rescuers cannot provide mendations.
rescue breaths, they should at least perform
chest compressions (strong recommendation,
low-quality evidence).
Drugs for the treat- | 2020 EvUp Epinephrine may be administered to infants 0 3 Three articles were No
ment of bradycar- 2010 CoSTR and children with bradycardia and poor perfu- identified: 2 showed an
dia (PLS new) sion that is unresponsive to ventilation and association between epi-
oxygenation. It is reasonable to administer nephrine use and worse
atropine for bradycardia caused by increased outcome, and 1 showed
vagal tone or anticholinergic drug toxicity. no difference, although
There is insufficient evidence to support or epinephrine use was
refute the routine use of atropine for pediatric not the objective for this
cardiac arrest. study.
The current evidence is
not enough to change
the current recommenda-
tions and thus should not
prompt a review.
Emergency trans- 2020 EvUp In selected cases of bradycardia caused by 0 0 No new studies identified | No
cutaneous pacing | 9020 CoSTR complete heart block or abnormal function
for bradycardia of the sinus node, emergency transthoracic
(PLS new) pacing may be lifesaving. Pacing is not helpful
in children with bradycardia secondary to a
postarrest hypoxic/ischemic myocardial insult
or respiratory failure. Pacing was not shown
to be effective in the treatment of asystole in
children.
ECPR for pediatric | 2019 CoSTR We suggest that ECPR may be considered 0 15 Fifteen studies were iden- | No
cardiac arrest as an intervention for selected infants and tified; collectively, their
(Peds 407) children (for example, cardiac populations) findings did not provide
with IHCA refractory to conventional CPR in sufficient evidence to
settings in which resuscitation systems allow change the treatment rec-
ECPR to be well performed and implemented ommendations from 2019.
(weak recommendation, very low—certainty
evidence).
There is insufficient evidence in pediatric
OHCA to formulate a treatment recommenda-
tion for the use of ECPR.
Intraosseous ver- 2020 CoSTR Intraosseous cannulation is an acceptable 0 2 There were 2 nonrandom- | No
sus intravenous route of vascular access in infants and ized, observational stud-
route of drug ad- children with cardiac arrest. It should be ies. One reported worse
ministration (PLS, considered early in the care of critically ill outcomes with intraosse-
part of nodal ALS children whenever venous access is not read- ous access, and the other
2046) ily available. found no difference.
Sodium bicarbon- 2020 EvUp Routine administration of sodium bicarbonate | O 0 No new studies were No
ate administration 2010 CoSTR is not recommended in the management of identified.
for children in pediatric cardiac arrest. A SysRev and meta-
cardiac arrest (PLS analysis were published,
388) which included 7 observa-
tional studies (2 prospec-
tive), published between
2006 and 2018.
Results support our cur-
rent recommendations.
(Continued)
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Table 17. Continued

[}
E o Observa- Sufficient
== RCTs tional stud- data to
— E since last | ies since warrant
,E =) Topic/PICO Year last updated | Existing treatment recommendation review last review Key findings SysRev?
s =

=
= TTM* 2019 CoSTR The PLS Task Force recommendations from 0 8 No new RCTs were identi- | No
[X] g 2020 for the pediatric population remain fied.
=< unchanged in 2021, with minor wording clari- i
= ! There were 8 additional
=) fication of temperature targets:

publications; however, 7
were secondary analy-
ses of subgroups of the
THAPCA RCT primary

We suggest that for infants and children who
remain comatose after ROSC from OHCA or
IHCA, active control of temperature be used
to maintain a central temperature <37.5°C trial data for the OHCA,
(weak recommendation, moderate-certainty IHCA, or combined co-
evidence). There is inconclusive evidence horts.

to support or refute the use of induced
hypothermia (32°C-34°C) compared with
active control of temperature at normothermia
(836°C-37.5°C; or an alternative temperature)
for children who achieve ROSC but remain
comatose after OHCA or IHCA.

A-B-C indicates airway-breaths-compressions; C-A-B, compressions-airway-breaths; CCO-CPR, chest compression—only cardiopulmonary resuscitation; CoSTR,
International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations; CPR, cardiopulmonary
resuscitation; ECPR, extracorporeal cardiopulmonary resuscitation; EvUp, evidence update; IHCA, in-hospital cardiac arrest; OHCA, out-of-hospital cardiac arrest;
Peds, pediatrics; PICO, population, intervention, comparator, outcome; PLS, Pediatric Life Support; RCT, randomized controlled trial; ROSC, return of spontaneous
circulation; SysRev, systematic review; THAPCA, Therapeutic Hypothermia After Pediatric Cardiac Arrest; and TTM, targeted temperature management.

*The International Liaison Committee on Resuscitation PLS Task Force issued “Post-Arrest Temperature Management in Children: Statement on Post Cardiac Ar-
rest Temperature Management in Children” in November 2021, following the CoSTR “Temperature Management in Adult Cardiac Arrest: Advanced Life Support

€20z /. Arenuer uo Aq Bio'sfeuno feye/:dny wouy papeojumoq

Systematic Review” by the Advanced Life Support Task Force.*®

benefits were found, the very weak evidence identified
supports the use of PEWSs in systems with available
resources that prioritize and value the potential to decrease
the incidence of code events for inpatient children.

The task force recognized the significant limitations of
the available evidence in its treatment recommendations
but also the importance and the potential value of
improving health care providers’ ability to recognize and
intervene for patients with deteriorating illness. For set-
tings already using PEWSs, local validation, site-specific
adaptation of its use, and longitudinal evaluation of its
effectiveness are important.

Task Force Knowledge Gaps

* Whether PEWS decrease pediatric cardiopulmo-
nary arrest or improve mortality

* The relative contribution of PEWSs and other prac-
tice changes aimed at quality improvement (including
educational processes, documentation review with
feedback systems, and modification of other factors
thought to improve the delivery of care) to changes in
patient outcomes. Controlled trials and quality improve-
ment methodology are suggested for further studies.

* The effect of rapid response teams, alone and in
combination with PEWSs

* Whether the effect of PEWSs and rapid response
teams varies by setting and patient type (eg, emer-
gency department, pediatric oncology patients,
patients in higher- versus lower-resource settings)

* Prospective evaluations of different PEWSs for pre-
dicting, identifying, and providing early intervention

eb10 December 20/27, 2022

for patients at risk for different forms of decompen-
sation, including primary respiratory, circulatory, and
neurological causes

+ Effectiveness of various methods for PEWS imple-
mentation and staff training; data on feasibility, cost-
effectiveness, equity, and acceptability of integrating
PEWSs into existing health care systems

Topics Reviewed by EvUps

The topics reviewed by EvUps are summarized in
Table 17, with the PICO number, existing treatment
recommendation, number of relevant studies identi-
fied, key findings, and whether a SysRev was deemed
worthwhile. Complete EvUps can be found in Supple-
mental Appendix B.

NEONATAL LIFE SUPPORT

Maintaining Normal Temperature Immediately
After Birth in Late Preterm and Term Infants
(SysRev)

Rationale for Review

A previous SysRev conducted for ILCOR concluded that
there was adose-responsive association between hypother-
mia on admission to a neonatal unit or postnatal ward and
increased risk of mortality and other adverse outcomes.'*°
A SysRev estimated that hypothermia was common in
infants born in hospitals (prevalence range, 32%-85%)

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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Table 18. Temperature Terminology

Body tem-
Term perature, °C
Moderate hy- 32.0-35.9 Measured with a digital, mercury, or con-
pothermia tactless thermometer (axillary, rectal, or
other defined site) on admission to a post-
Cold stress 36-36.4 L o
natal ward or neonatal unit; or if admission
Hyperthermia | >37.5 temperature not reported, temperature
measured between 30 and 60 min of age

and homes (prevalence range, 11%-92%), even in tropical
environments."" A SysRev was initiated from a priority list
from the ILCOR Neonatal Life Support (NLS) Task Force
(PROSPERO; CRD42021270739). The full text of this re-
view can be found on the ILCOR website.'*?

PICO, Study Design, and Time Frame

* Population: Late preterm and term newborn infants
(>34 weeks’ gestation)

* Intervention: Increased room temperature to
>23.0°C, thermal mattress, plastic bag or wrap, hat,
heating and humidification of gases used for resusci-
tation, radiant warmer (with or without servo control),
early monitoring of temperature, warm bags of fluid,
warmed swaddling/clothing, skin-to-skin care with a
parent, or any combination of these interventions

» Comparator: Drying, without any of the above inter-
ventions, and comparisons between interventions

+ Outcome:

A. Critical: Survival

B. Important: Rate of normothermia on admission to
neonatal unit or postnatal ward; rate of hypother-
mia and hyperthermia on admission to neonatal
unit or postnatal ward; response to resuscitation
(eg, need for assisted ventilation, highest Fio,).
For this and all subsequent reviews, importance
of outcomes was in accord with Strand et al™*®
or by consensus of the task force for outcomes
specific to each review. Additional outcomes are

2022 ILCOR CoSTR Summary

included in the full online CoSTR.'*? For the pur-
poses of the review, the definitions in Table 18
were used.'**

» 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 were
excluded.

* Time frame: All years and all languages were
included if there was an English abstract. The litera-
ture search was conducted to August 2, 2021.

Consensus on Science

The SysRev identified 35 studies (26 RCTs including
4625 participants'*®7'® and 10 observational stud-
ies'™17 including >3342 participants [number not re-
ported in 1 study]). All RCTs had eligibility criteria that
excluded some or all infants who were at high risk of
needing resuscitation or who received resuscitation. The
studies were conducted in high-, middle-, and low-re-
source countries, but few interventions were studied in
all settings. None of the studies included out-of-hospital
births. Temperature outcomes were reported in a wide
variety of ways, constraining the meta-analysis. There
were insufficient data to conduct any of the prespeci-
fied subgroup analyses.

Comparison 1: Increased Room Temperature
Compared With No Increased Room Temperature for
Late Preterm and Term Newborn Infants

The SysRev identified 1 cluster RCT including 825 late
preterm and term newborn infants for this comparison.'?
All were born by caesarean section, so the study pertains
specifically to operating room temperatures, and only
temperatures of 20°C and 23°C were compared. Data
relating to the key critical and important outcomes for
this comparison are summarized in Table 19. Evidence
for additional outcomes evaluated is included in the full
online CoSTR.™?

Table 19. Increased Room Temperature Compared With No Increased Room Temperature for Late Preterm and Term Newborn

Infants
) Anticipated absolute effects, n
Certainty of
Outcomes (impor- the evidence Risk with room
tance) Participants (studies), n (GRADE) RR (95% CI) temperature 20°C | RD with room temperature 23°C
Normothermia on admis- | 825 (1 RCT) Duryea et Very low 1.26 (1.11-1.42) 449/1000 130 more infants/1000 (55 more—209
sion (important) al,’®2 2016 more) were normothermic when 23°C
was used
Temperature on admis- | 825 (1 RCT) Duryea et Very low Not applicable Mean temperature MD, 0.3°C higher (0.23°C higher—
sion (important) al,’®2 2016 36.4°C 0.37°C higher) when 23°C was used
Moderate hypothermia 825 (1 RCT) Duryea et Very low 0.26 (0.16-0.42) 189/1000 140 fewer infants/1000 (158 fewer—109
(<86°C) (important) al,’®2 2016 fewer) were moderately hypothermic
when 23°C was used
Hyperthermia (>37.5°C) | 825 (1 RCT) Duryea et Very low 4.13 (0.88-19.32) | 5/1000 15 more infants/1000 (1 fewer—87 more)
(important) al,’®2 2016 were hyperthermic when 23°C was used

GRADE indicates Grading of Recommendations Assessment, Development, and Evaluation; MD, mean difference; RCT, randomized controlled trial; RD, risk dif-

ference; and RR, risk ratio.

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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Table 20. Skin-to-Skin Care With a Parent Versus No Skin-to-Skin Care in Late Preterm and Term Newborn Infants

Anticipated absolute effects, n

admission Safari et al,'®* 2018

(important) Srivastava et al,'®® 2014

Certainty of
Outcomes (impor- the evidence Risk with no
tance) Participants (studies), n (GRADE) RR (95% CI) skin-to-skin care | RD with skin-to-skin care
Survival to hospital 203 (1 RCT) Ramani et al,'®® 2018 Very low Insufficient events
discharge to determine the
(critical) rate
Normothermia on 551 (8 RCTs) Ramani et al,'® 2018 | Very low 1.39 (0.91-2.12) 614/1000 239 more infants/1000 (55 fewer—

688 more) were normothermic
when skin-to-skin care was used

Temperature on ad- 1048 (8 RCTs) Carfoot et al,'*® 2005 | Very low

Not applicable Mean tempera- MD, 0.32°C higher (0.1°C

(important) Marin Gabriel et al,’®® 2010

Ramani et al,'®® 2018

mission Christensson et al,'® 1992 ture, 36.6°C higher—0.54°C higher) when skin-
(important) Huang et al,’% 2019 to-skin care was used
KoC and Kaya,®® 2017
Kollmann et al,'®” 2017
Ramani et al,'®® 2018
Safari et al,’®* 2018
Srivastava et al,'®® 2014
Hypoglycemia 100 (1 RCT) Very low 0.16 (0.05-0.53) 326/1000 273 fewer infants/1000 (309
(important) KOC and Kaya,‘E'G 2017 fewer-153 fewer) were hypo-
glycemic when skin-to-skin care
was used
Admission to NICU 512 (3 RCTs) Kollmann et al,’?” 2017 | Very low 0.34 (0.14-0.83) 70/1000 46 fewer infants/1000 (60

fewer—12 fewer) were admitted to
the NICU when skin-to-skin care
was used

GRADE indicates Grading of Recommendations Assessment, Development, and Evaluation; MD, mean difference; NICU, neonatal intensive care unit; RCT, ran-

domized controlled trial; RD, risk difference; and RR, risk ratio.

Comparison 2. Skin-to-Skin Care With a Parent
Versus No Skin-to-Skin Care for Late Preterm and
Term Infants
The SysRev found 10 RCTs including 1668 late pre-
term and term newborn infants for this compari-
Sonl148,150,154—157,160,163,164,166

Data relating to key critical and important outcomes
are shown in Table 20. Evidence for additional outcomes
evaluated is included in the full online CoSTR."#?

Comparison 3. Plastic Bag or Wrap Compared With
No Plastic Bag or Wrap for Late Preterm and Term
Newborn Infants

The SysRev found 4 RCTs including 730 late preterm and
term newborn infants for this comparison.'#155159165 Data
relating to key critical and important outcomes are shown
in Table 21. Evidence for additional outcomes evaluated
is included in the full online CoSTR.'*? Of note, this com-
parison included studies in which infants had been dried
or not dried before the use of the plastic bag or wrap.

Comparison 4. Plastic Bag or Wrap Combined With
Skin-To-Skin Care Compared With Skin-To-Skin Care
Alone for Late Preterm and Term Newborn Infants

The SysRev found 2 RCTs including 698 late preterm
and term newborn infants for this comparison.'¢'%8 Data
relating to key critical and important outcomes are shown
in Table 22. Evidence for additional outcomes evaluated
is included in the full online CoSTR.'*? This comparison

eb12 December 20/27, 2022

included studies in which infants had been dried or not
dried before the use of the plastic bag or wrap.

For all other comparisons, no evidence-to-decision
tables were developed, either because only single stud-
ies providing very low—certainty evidence were available
or because no studies were found. Additional details on
these comparisons are included in the online CoSTR.'#?

Treatment Recommendations

In late preterm and term newborn infants (>34 weeks’
gestation), we suggest the use of room temperatures of
23°C compared with 20°C at birth in order to maintain
normal temperature (weak recommendation, very low—
certainty evidence).

In late preterm and term newborn infants (>34 weeks'
gestation) at low risk of needing resuscitation, we sug-
gest the use of skin-to-skin care with a parent imme-
diately after birth rather than no skin-to-skin care to
maintain normal temperature (weak recommendation,
very low—certainty evidence).

In some situations in which skin-to-skin care is not
possible, it is reasonable to consider the use of a plas-
tic bag or wrap, among other measures, to maintain
normal temperature (weak recommendation, very low—
certainty evidence).

In late preterm and term newborn infants (>34
weeks' gestation), for routine use of a plastic bag
or wrap in addition to skin-to-skin care immediately
after birth compared with skin-to-skin care alone,

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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Table 21.

Plastic Bag or Wrap Compared With No Plastic Bag or Wrap for Late Preterm and Term Newborn Infants

Survival to hospital discharge | 305 (2 RCTs) Leadford et Very low 0.95 (0.60-1.51) | 981/1000 49 fewer infants/1000 (392
(critical) al,'s® 2013 fewer-500 more) died when a plas-
Shabeer et al,’® 2018 tic bag or wrap was used
Normothermia on admission | 305 (2 RCTs) Leadford et Very low 1.50 (1.20-1.89) | 406/1000 2083 more infants/1000 (81 more—
(important) al,’** 2013 3629 more) were normothermic
Shabeer et al,’® 2018 when a plastic bag or wrap was used
Temperature on admission 425 (3 RCTs) Very low Not applicable Mean temperature, | MD, 0.29°C higher (0.2°C
(important) Cardona Torres et al,'7 2012 36.3°C h_igher—0.37°C higher) when a plas-
Leadford et al,® 2013 tic bag or wrap was used
Shabeer et al,'®* 2018

GRADE indicates Grading of Recommendations Assessment, Development, and Evaluation; MD; mean difference; RCT, randomized controlled trial; RD, risk dif-

ference; and RR, risk ratio.

Table 22. Plastic Bag or Wrap Combined With Skin-to-Skin Care Compared With Skin-to-Skin Care Alone for Late Preterm
and Term Newborn Infants

Survival to hospital discharge 271 (1 RCT) Belsches et Low All infants in both
(critical) al,’*¢ 2013 groups survived
Normothermia on admission 692 (2 RCTs) Low 1.39 (1.08-1.79) | 221/1000 86 more infants/1000 more (18 more—
(important) Belsches et al,"#6 2013 174 more/1 QOO) were normothermic
Travers et al,1%® 2021 when a plastic bag or wrap was added
Temperature on admission 692 (2 RCTs) Belsches et Low Not applicable Mean body MD, 0.2°C higher (0.1°C higher—
(important) al,’%® 2013 temperature, 0.3°C higher) when a plastic bag or
Travers et al,'®® 2021 36.0°C wrap was added
Admission to NICU or special | 275 (1 RCT) Belsches et Low 0.26 (0.03-2.26) | 29/1000 21 fewer infants/1000 (28 fewer—36
care unit (important) al,’* 2013 more/1000) were admitted to an NICU
or special care unit when a plastic bag
or wrap was added
Hyperthermia (>37.5°C) (im- 692 (2 RCTs) Belsches et Very low 1.02 (0.08- 3/1000 0 more infants/1000 (3 fewer-34
portant) al,"*¢ 2013 12.85) more/1000) were hyperthermic when a
Travers et al,'®® 2021 plastic bag or wrap was added

GRADE indicates Grading of Recommendations Assessment, Development, and Evaluation; MD, mean difference; NICU, neonatal intensive care unit; RCT, ran-

domized controlled trial; RD, risk difference; and RR, risk ratio.

the balance of desirable and undesirable effects was
uncertain. Furthermore, the values, preferences, and
cost implications of the routine use of a plastic bag or
wrap in addition to skin-to-skin care are not known;
therefore, no treatment recommendation can be for-
mulated.

Justification and Evidence-to-Decision Framework
Highlights

The complete evidence-to-decision tables are provided
in Supplemental Appendix A.

In making these recommendations, the NLS Task
Force considered that the review found evidence to sup-
port each of 3 interventions without evidence of adverse
effects. Each of these interventions was thought likely to
be low in cost and feasible in many settings.

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095

In many facilities, immediate newborn infant care
(including resuscitation if needed) takes place in the
delivery or operating room, and it may not be practicable
to alter room temperatures for very preterm births and
not others. When a designated resuscitation room with
separate temperature control is used, more individualized
ambient temperature control may be feasible. Higher
(>23°C) ambient temperatures have not been studied
for late preterm and term infants. The adverse outcomes
of maternal or neonatal hyperthermia could increase at
higher ambient temperatures. Mortality may be increased
among newborn infants with hyperthermia,'® and
hypoxic ischemic encephalopathy may be exacerbated
by hyperthermia.’®"

For skin-to-skin care, there is insufficient evidence to
make a recommendation for newborn infants at high risk
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of needing resuscitation because of the inclusion crite-
ria of available studies. There is a much larger evidence
base supporting the use of skin-to-skin care in preterm
and term infants for a variety of maternal and neona-
tal outcomes.'®'8 Studies report some barriers to use,
but overall, skin-to-skin care is judged to be acceptable
by both parents and caregivers.'®7'8 Skin-to-skin care
is likely to be cost-effective, acceptable, and feasible in
high-, middle-, and low-income countries.

For routine use of a plastic bag or wrap for late preterm
and term newborn infants (>34 weeks' gestation), the
balance of desirable and undesirable effects was consid-
ered uncertain because of the potential for unmeasured
undesirable effects. These could include that a plastic bag
or wrap might be seen as an alternative or impediment
to skin-to-skin care. When they are used in combination
with warming devices, there could be risk of hyperthermia.
Costs to clinical services could be high if they were used
for a high proportion of late preterm and term infants. The
environmental impact was also considered. Cultural val-
ues and maternal preferences in relation to this specific
intervention are not known. Although the NLS Task Force
agreed that skin-to-skin care was preferred, a plastic bag
or wrap may be reasonable when skin-to-skin care is not
possible, especially for late preterm and low-birth-weight
newborn infants, for births in which ambient temperatures
are low and cannot be increased, when alternative equip-
ment (eg, radiant warmer, incubator, thermal mattress) is
not available, or with combinations of these circumstances.

The use of skin-to-skin care is likely to improve equity
because of the low cost and feasibility for low- or middle-
income countries. Room temperatures may or may not be
easily adjustable in various settings. When a room tem-
perature of 23°C cannot be achieved, the importance of
skin-to-skin care may be greater.

The overall balance of risks and benefits for the use of
a plastic bag or wrap combined with skin-to-skin care was
considered uncertain because there was concern that plas-
tic bags or wraps might impair the acceptability or safety of
skin-to-skin care and thereby cause harm. As with the use
of a plastic bag or wrap compared with standard care, costs
may be a barrier, particularly in low-income countries, if the
intervention was applied to a high proportion of births.

Task Force Knowledge Gaps
Additional gaps are included in the full online CoSTR.

* The balance of risks and benefits for each
evidence-based intervention when combined with
other interventions

* The best methods of maintaining normothermia in
infants who received or were at high risk of receiv-
ing resuscitation

» The effectiveness of interventions for which no
evidence was available or for which evidence was
insufficient to make treatment recommendations,
including the following:
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A. Use of a thermal mattress, which may assume
greater importance if a parent is unable to pro-
vide skin-to-skin care

B. Caps made of various materials

C. Use of heated, humidified gases for assisted
ventilation

D. Early monitoring of temperature versus no early
monitoring of temperature

E. The role of low- or moderately low—cost inter-
ventions such as prewarmed bags of intravenous
fluid placed around the newborn infant or pre-
warmed swaddling and clothing

F. The effect of maternal hypothermia or hyperther-
mia on newborn infants’ temperatures

G. Standardizing the timing and method of recording
temperature for all newborn infants, which would
enhance the potential both for benchmarking and
for meta-analysis of studies in future reviews.

Suctioning Clear Amniotic Fluid at Birth
(SysRev)

Rationale for Review

To support air breathing at birth, oropharyngeal or naso-
pharyngeal suctioning has been a widespread practice
for newborn infants. The 2010 CoSTR'™" and many sub-
sequent guidelines have recommended selective use of
upper airway suctioning, with use only if the airway ap-
pears obstructed or PPV is required, and there has been
increasing concern that there may be adverse effects of
routine upper airway suctioning. A ScopRev (NLS 596)
found sufficient evidence to justify a SysRev.'®® A SysRev
was initiated from a priority list from the ILCOR NLS Task
Force (PROSPEROQ; CRD42021286258). The full text
of this review can be found on the ILCOR website.'®®

PICO, Study Design, and Time Frame
* Population: Newborn infants who are born through
clear (not meconium-stained) amniotic fluid
* Intervention: Initial suctioning of the mouth and nose
» Comparator: No initial suctioning
* Qutcome:

A. Critical: Advanced resuscitation and stabilization
interventions (intubation, chest compressions,
epinephrine) in the delivery room

B. Important: Receipt of assisted ventilation; receipt
and duration of oxygen supplementation; adverse
effects of intervention (eg, apnea, bradycardia,
injury, infection, low Apgar scores, dysrhythmia);
unanticipated admission to the neonatal inten-
sive care unit (NICU)'43

* Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, and cohort studies) were
eligible for inclusion. Unpublished studies, case
series, and animal studies were excluded.

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095
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Table 23. Suctioning Clear Amniotic Fluid at Birth

2022 ILCOR CoSTR Summary

Anticipated absolute effects, n
Certainty of B
the evidence Risk with no
Outcomes (importance) Participants (studies), n (GRADE) RR (95% CI) suctioning RD with suctioning
Assisted ventilation (im- 742 (3 RCTs) Bancalari et al,'®® Very low 0.72 (0.40-1.31) 64/1000 18 fewer/1000 (39 few-
portant) 2019 er=20 more)
Kelleher et al,'®® 2013
Modarres Nejad et al,'*® 2014
Advanced resuscitation and | 742 (3 RCTs) Bancalari et al,'®® Very low 0.72 (0.40-1.31) 64/1000 18 fewer/1000 (39 few-
stabilization interventions 2019 er—20 more)
(important) Kelleher et al,'®* 2013
Modarres Nejad et al,'®® 2014
Oxygen saturations at 5 min | 280 (3 RCTs) Very low Not applicable Mean oxygen satu- | MD, 0.26% lower (1.77%
(important) Bancalari et al,'® 2019 ration, 84% lower=1.26% higher)
Modarres Nejad et al,'®® 2014
Takahashi,'®” 2009
HR at 5 min 84 (1 RCT) Bancalari et al,'®® Very low Not applicable Mean HR, 162 bpm | MD, 1.00 bpm lower (7.96
(important) 2019 without suctioning bpm lower-5.96 bpm higher)

GRADE indicates Grading of Recommendations Assessment, Development, and Evaluation; HR, heart rate; MD, mean difference; RCT, randomized controlled

trial; RD, risk difference; and RR, risk ratio.

+ Time frame: All years and all languages were included
if an English abstract was available. The literature
search was performed on September 21, 2021.

Consensus on Science

The SysRev identified 11 studies (9 RCTs including 1138
participants'% and 2 observational studies'#%?%) for
inclusion. The studies enrolled predominantly healthy,
low-risk term newborn infants. For 2 of the RCTs'9%94
enrolling 280 participants, the task force had concerns
about the reliability of the oxygen saturation and heart
rate data. Therefore, results of these studies have been
excluded from the meta-analysis. In sensitivity analysis,
exclusion of these studies did not change the overall out-
come.

Data relating to the key critical and important out-
comes for this comparison are summarized in Table 23.
Evidence for additional outcomes that were evaluated is
included in the full online CoSTR.'8°

For all predefined subgroup analyses, insufficient data
were available.

Treatment Recommendations
We suggest that suctioning of clear amniotic fluid from
the nose and mouth should not be used as a routine step
for newborn infants at birth (weak recommendation, very
low—certainty evidence).

Airway positioning and suctioning should be consid-
ered if airway obstruction is suspected (good practice
statement).

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

The NLS Task Force found no justification to routinely
use an intervention such as oral and nasal suctioning in

Circulation. 2022;146:¢483-e557. DOI: 10.1161/CIR.0000000000001095

the absence of demonstrated benefit. The participants
in the included studies were predominantly healthy, term
newborn infants, and no benefit was found. There could
also be potential for unmeasured harm if routine suction-
ing caused delay in resuscitation for those who require it.

This SysRev recommendation does not apply to situa-
tions when there are concerns about airway obstruction.

Task Force Knowledge Gaps

* The role of suctioning of clear amniotic fluid at birth
for newborn infants who are at high risk of needing
respiratory support or more advanced resuscitation

* The role of suctioning of clear amniotic fluid at birth
for preterm newborn infants

+ Adherence to guidelines in relation to suctioning of
the upper airway

Tactile Stimulation for Resuscitation
Immediately After Birth (SysRev)

Rationale for Review

Tactile stimulation has been included in the initial steps of
stabilization of the newborn infant in the treatment rec-
ommendations from ILCOR in 1999, 2006, 2010, 2015,
and 2020140187188201202 |argely on the basis of expert
opinion. Because the effectiveness of tactile stimulation
to facilitate breathing at birth has never been systemati-
cally evaluated by ILCOR, this PICO question was priori-
tized by the NLS Task Force for SysRev (PROSPERO;
CRD42021227768).29¢ The full text of this CoSTR can
be found on the ILCOR website.2

PICO, Study Design, and Time Frame
* Population: Term or preterm newborn infants imme-
diately after birth with absent, intermittent, or shal-
low respirations
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