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implementation of evidence-informed resuscitation and
first aid by using transparent evaluation and consen-
sus summary of scientific data. Resuscitation includes
all responses necessary to treat sudden life-threatening
events affecting the cardiovascular and respiratory sys-
tems, with a focus on sudden cardiac arrest. Asin 2015,
this 2020 consensus publication also includes first aid
topics as part of the international review and consensus
recommendations.

There are 6 ILCOR Task Forces: (adult) Basic Life Sup-
port (BLS); (adult) Advanced Life Support (ALS); Pedi-
atric (basic and advanced) Life Support (PLS); Neonatal
Life Support (NLS); Education, Implementation, and
Teams (EIT); and First Aid. This 2020 International Con-
sensus on Cardiopulmonary Resuscitation (CPR) and
Emergency Cardiovascular Care (ECC) Science With
Treatment Recommendations (CoSTR) includes a sepa-
rate publication from each of the 6 task forces as well
as this Executive Summary and a publication detailing
the evidence evaluation process and management of
potential conflicts of interest.

In this publication, the separate sections for each
task force highlights the “hot” topics and the new
CoSTRs developed. Not all relevant references are
cited here; refer to each task force publication in this
supplement for details of each of the reviews and
task force deliberations. In addition, each task force
publication summarizes additional reviews that are
not highlighted in this Executive Summary.

EVIDENCE EVALUATION PROCESS
AND MANAGEMENT OF POTENTIAL
CONFLICTS OF INTEREST

Evidence Evaluation Process

ILCOR is committed to a rigorous and continuous review
of scientific literature focused on resuscitation, cardiac
arrest, relevant conditions requiring first aid, related
education and implementation strategies, and systems
of care. After the publication of the 2075 International
Consensus on CPR and ECC Science With Treatment Rec-
ommendations, ILCOR also committed to sponsoring a
continuous evidence-evaluation process, with topics pri-
oritized for review by the task forces and with CoSTR
updates published annually. For this 2020 CoSTR, the 6
ILCOR task forces performed structured reviews of 184
topics, completing the most ambitious evidence review
that ILCOR has attempted to date.

The ILCOR systematic review process continues to
be based on the methodological principles published
by the National Academy of Health and Medicine (for-
merly the Institute of Medicine)?; Cochrane*; Grad-
ing of Recommendations Assessment, Development,
and Evaluation (GRADE)®; and the reporting guidelines
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based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses recommendations.®’

Three types of evidence evaluation provided the
basis for this 2020 CoSTR: the systematic review, the
scoping review, and the evidence update. Based on rec-
ommendations from the ILCOR Scientific Affairs Com-
mittee and agreement of the task forces, only system-
atic reviews could result in new or modified treatment
recommendations.

Systematic Reviews

The systematic review (SysRev) represents the most
structured and detailed of the reviews. It requires a rig-
orous process following strict methodology to answer a
specific question, and each SysRev resulted in the gen-
eration of the task force CoSTR included in this pub-
lication. For this 2020 CoSTR process, ILCOR member
councils agreed that treatment recommendations could
be changed only as the result of a SysRev.

The SysRevs were performed by a knowledge syn-
thesis unit (groups of well-respected researchers with
methodological expertise in performing SysRevs), an
expert systematic reviewer (an individual with method-
ological expertise and a track record of publications), or
the task force. Many of the reviews resulted in separate
published SysRevs.

To begin the SysRev, the task force and reviewers
phrased the question to be answered in terms of the
PICOST (population, intervention, comparator, out-
come, study design, time) format. The literature
searches were developed and conducted by informa-
tion specialists who used, at a minimum, the MEDLINE,
Embase, and the Cochrane Library databases. The clini-
cal experts for the SysRev reviewed all identified stud-
ies and selected those that met inclusion criteria. The
reviewers rated the risk of bias for each study, analyzed
the data, and performed meta-analyses as appropriate.
The reviewers used the GRADE framework to rate the
certainty/confidence in the estimates of the effect of an
intervention or assessment across a body of evidence
for each of the predefined outcomes; certainty, or
confidence, was rated as high, moderate, low, or very
low. Evidence from randomized controlled trials (RCTs)
generally began the analysis as high-certainty evidence,
and evidence from observational studies generally be-
gan the analysis as low-certainty evidence; examination
of the evidence using the GRADE approach could re-
sult in either downgrading or upgrading the certainty
of evidence. For additional information, refer to “2020
Evidence Evaluation Process and Management of Po-
tential Conflicts of Interest” in this supplement .88

The data analysis was presented to the task force, and
the task force drafted the summary consensus on sci-
ence as well as the treatment recommendations. Each
treatment recommendation indicates the strength of the
recommendation (recommends=strong, suggests=weak)
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and the certainty of the evidence. The structured delib-
erations that the task force completed are highlighted in
an evidence-to-decision table, with a table for each new,
completed CoSTR included in Appendix A of each task
force publication in this supplement.

Draft 2020 CoSTRs were posted on the ILCOR web-
site® for a 2-week comment period. The task forces re-
viewed the comments and modified the CoSTR content
as needed. Each task force publication in this supple-
ment contains the final wording of the CoSTR state-
ments as approved by the ILCOR task forces and by the
ILCOR member councils.

Scoping Reviews

Scoping reviews (ScopRevs) are designed to identify
the extent, range, and nature of evidence on a topic
or a question. They follow a rigorous process but use
a broader search strategy and were performed by
topic experts in consultation with the task forces. The
ScopRev produces a narrative summary of evidence,
with tables presenting key data from the studies iden-
tified but with no risk of bias analysis for each study.
The task force analyzed the identified evidence and
determined its value and implications for resuscitation
practice or research. The rationale for each ScopRev,
the summary of evidence, and task force insights are all
highlighted in the body of each task force publication.
If a ScopRev identified substantive evidence that may
result in a future change in ILCOR treatment recom-
mendations, the task force recommended that a new
SysRev be performed. Draft ScopRevs were posted for
a 2-week comment period on the ILCOR website, and
the task forces revised text as needed in response to
the public comments. All ScopRevs are included in their
entirety in Appendix B of each task force publication in
this supplement.

Evidence Updates

Evidence updates (EvUps) were performed to identify
evidence published after the most recent ILCOR review
of the topic. The EvUps were performed by volunteer
members of the task forces or ILCOR member councils,
who used the same search strategy that was used for
the previous review. If the search strategy failed to iden-
tify new evidence, the search strategy was broadened
to capture any relevant published studies. The task
forces reviewed the EvUps to determine if sufficient
evidence was identified to suggest the need for a new
SysRev. All EvUps cited can be viewed in Appendix C of
each task force publication in this supplement.

Potential Impact of Coronavirus Disease 2019
(COVID-19) on Resuscitation

The CoSTR reviews were all completed by early Febru-
ary 2020. As a result, this document does not address
the topic of the potential influence of coronavirus disease
2019 (COVID-19) on resuscitation practice. An ILCOR
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writing group was assembled in the spring of 2020 to
identify and evaluate the published evidence regarding
risks of aerosol generation and infection transmission
during attempted resuscitation of adults, children, and in-
fants. This group developed a consensus on science with
treatment recommendations and task force insights. This
statement is published as a separate document.’® As new
evidence emerges, the ILCOR task forces will review and
update this statement, so the reader is referred to the IL-
COR website? for the most up-to-date recommendations.

Management of Potential Conflicts of
Interest

ILCOR followed the rigorous conflict-of-interest (COI)
policies that have been used successfully in previous
years. Anyone involved in any part of the process was
required to disclose all commercial relationships and
other potential conflicts by using the standard AHA on-
line COI disclosure process. Task force members as well
as reviewers and collaborators all completed this online
disclosure process before they were allowed to perform
reviews and take part in discussions. Participants were
asked to be sensitive to commercial conflicts as well
as to any potential intellectual conflicts, such as hav-
ing authored key studies related to a topic or being in-
volved in ongoing studies related to a topic. AHA staff
reviewed the disclosures before appointment to ensure
that no disclosures were significant enough to preclude
participation. Disclosure information for writing group
members is listed in Appendix 1. Disclosure information
for peer reviewers is listed in Appendix 2.

During in-person meetings, each participant was as-
signed a COl number, and a full list of disclosures was
available to all participants throughout the meeting.
Participants were required to state any relevant con-
flicts during in-person meetings as well as on webinars
and conference calls and were required to abstain from
voting on any wording of the consensus on science or
treatment recommendations for any topics related to
their potential conflicts. AHA staff members assisted
the task force chairs in monitoring compliance. Any
COl-related issues were brought to the attention of the
task force chairs and the COI co-chairs. At each meet-
ing, participants were notified of a toll-free telephone
number to call to anonymously report any COI issues;
no calls were received.

BASIC LIFE SUPPORT

Hot Topics

CPR During Transport

The question of whether to transport a cardiac arrest vic-
tim to the hospital or complete CPR on the scene contin-
ues to be controversial. This topic has not been reviewed

Circulation. 2020;142(suppl 1):52-S27. DOI: 10.1161/CIR.0000000000000890
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since 2005, and the BLS Task Force chose to undertake
a ScopRev to determine if there was sufficient new evi-
dence to warrant a SysRev. Eight nonrandomized studies
reported that among patients with out-of-hospital car-
diac arrest (OHCA) transported with CPR in progress, re-
turn of spontaneous circulation (ROSC) was achieved in
the emergency department in approximately 9.5%, with
2.9% surviving to hospital discharge.

Manikin studies consistently document poorer CPR
quality during transport while clinical studies evaluating
the quality of CPR during transport report conflicting
results. Three RCTs comparing manual CPR with me-
chanical CPR during transport showed no benefit from
mechanical CPR with respect to ROSC or survival to dis-
charge. Manikin studies indicate that mechanical CPR
provided consistent CPR whereas the quality of manual
CPR declined during transport. Nonrandomized studies
showed that duration of transport with CPR and distance
transported with CPR does not adversely impact patient
outcomes. There are many facets to this question, and
on the basis of the evidence identified, the task force
concluded that there was a need for more than 1 SysRev.

Several questions remain unanswered, such as
whether clinical outcomes are affected by the decision
to transport with CPR in progress and when the deci-
sion to transport with ongoing CPR should be made.
The use of feedback devices could improve the quality
of CPR during transport. However, an important con-
sideration is the risk of harm to personnel who perform
manual CPR during transport—there is little evidence
for this, but many anecdotal reports attest to the po-
tential risk to unrestrained personnel in the back of a
moving ambulance.

CPR Before Calling for Help for Adults With

OHCA

The question of whether to first start CPR or call for help
for adults with OHCA is likely to be influenced by the
wide availability of mobile phones with a hands-free op-
tion, which makes it possible to call emergency medical
services (EMS) and start CPR simultaneously. The SysRev
identified just 1 cohort study including 17461 adults
with OHCA from a national registry of 925288 cases.
Analysis was limited to cases in which lay rescuers wit-
nessed the adult cardiac arrest and performed CPR
without the need for dispatcher assistance. The groups
differed in many respects, and despite adjustment, re-
sidual confounding was likely. The 3 groups (call and
CPR first, call first, and CPR first) all had similar rates
of survival with favorable outcome. The BLS Task Force
chose to make a discordant recommendation (a strong
recommendation despite very low-certainty evidence)
that for an adult with OHCA, a lone bystander with a
mobile phone should phone EMS, activate the speaker
or other hands-free option on the mobile phone, and
immediately begin CPR, with dispatcher assistance if

Circulation. 2020;142(suppl 1):52-S27. DOI: 10.1161/CIR.0000000000000890
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required. If a lone rescuer must leave an adult victim
to phone EMS, the priority should be prompt activation
of EMS before returning to the victim to initiate CPR as
soon as possible.

Resuscitation Care for Suspected Opioid-
Associated Emergencies

Deaths from opioid overdose are increasing substan-
tially, particularly in the United States. This topic was
reviewed in 2015, but no treatment recommendation
was made.'>"?a An updated SysRev on this topic was
considered essential to inform best-practice guide-
lines for bystander resuscitation for suspected opioid-
induced emergencies. No studies were identified that
compared bystander-administered naloxone (intra-
muscular or intranasal) plus conventional CPR with
conventional CPR only. As a response to the growing
opioid epidemic, naloxone has been widely distrib-
uted by healthcare authorities to laypeople in various
opioid-overdose prevention schemes. A recent SysRev
identified 22 observational studies evaluating the ef-
fect of overdose education and naloxone distribution
and found an association between implementation of
these programs and decreased mortality rates.”™ On the
basis of expert opinion, the BLS Task Force suggested
that CPR be started without delay on any unresponsive
person who is not breathing normally and that nalox-
one be used by lay rescuers in suspected opioid-related
respiratory or circulatory arrest.

Feedback for CPR Quality

CPR feedback or prompt devices are intended to improve
CPR quality, the probability of ROSC, and survival from
cardiac arrest. Real-time CPR guidance devices can be
categorized as (1) digital audiovisual feedback, including
corrective audio prompts; (2) analogue audio and tactile
clicker feedback for chest compression depth and release;
and (3) metronome guidance for chest compression rate.
Several additional studies were identified in this updated
SysRev. This topic proved particularly controversial. Most
higher-certainty data did not demonstrate a clinically
or statistically significant association between real-time
feedback and improved patient outcomes; furthermore,
these devices require resources to purchase and imple-
ment. On the other hand, several studies demonstrated
clinically important improvements in outcomes associ-
ated with the use of feedback devices.

A permissive recommendation was considered ap-
propriate because of the role that these devices play
in CPR quality monitoring, benchmarking, and quality-
improvement programs. The BLS Task Force agreed
on a weak recommendation for healthcare systems
to consider CPR feedback devices, given the evidence
that they improve the quality of CPR and there was no
signal of patient harm in the data reviewed. The task
force highlighted that there was no consistent signal
indicating that the real-time feedback function of these
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devices has a significant effect on individual cardiac
arrest patient outcomes, suggesting that the devices
should not be implemented for this reason alone out-
side of a comprehensive quality-assurance program.

Analysis of Rhythm During Chest Compressions

Artifact-filtering algorithms for the analysis of electro-
cardiographic rhythms during CPR have been proposed
as a method to reduce pauses in chest compressions
and thereby increase the quality of CPR. Most of the
14 studies included in this SysRev used previously col-
lected electrocardiograms, electric impedance, and/or
accelerometer signals recorded during CPR to evaluate
the ability of algorithms or machine learning to detect
shockable rhythms during chest compressions. None of
these studies evaluated the effect of the artifact-filtering
algorithms on any critical or important outcomes, but
they provide insights into the potential benefits of this
technology. The BLS Task Force prioritized avoiding the
costs of introducing a new technology when its effects
on patient outcomes and the risk of harm remain to be
determined; thus, the task force suggested against the
routine use of artifact-filtering algorithms for analysis of
ECG rhythms during CPR. The task force made a weak
recommendation for further research because (a) there
is currently insufficient evidence to support a decision for
or against routine use, (b) further research may reduce
uncertainty about the effects, and (c) further research is
thought to be of good value for the anticipated costs.

New Systematic Reviews

Dispatch Diagnosis of Cardiac Arrest

It is not known if there are specific call characteristics
that impact the ability of emergency medical dispatchers
to recognize cardiac arrest. This SysRev identified a wide
variety of algorithms and criteria used by dispatch cen-
ters to identify cardiac arrest and other medical emer-
gencies. There was great variability in the accuracy of
these algorithms and the criteria for recognizing OHCA
in adults. The BLS Task Force recognized that minimiz-
ing the frequency of missed cardiac arrest events may
increase the frequency of false-positive cases.

Effect on treatment recommendations: The task
force recommended that dispatch centers implement a
standardized algorithm and/or standardized criteria to
immediately determine if a patient is in cardiac arrest
at the time of an emergency call. It was also recom-
mended that dispatch centers monitor and track diag-
nostic capability.

Firm Surface for CPR

This topic was last reviewed by the BLS Task Force in
2010."' The evidence identified in this latest SysRev
was grouped under the subheadings of mattress type,
floor compared with bed, and backboard. The task
force noted that effective manual compression depths
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can be achieved even on a soft surface if the CPR pro-
vider increases overall compression depth to compen-
sate for mattress compression. Manikin studies indicate
a marginal benefit to manual chest compression depth
from the use of a backboard but use of these may cause
significant interruption in chest compressions, and they
have significant cost and training implications.

Effect on treatment recommendations: The treat-
ment recommendations have been updated from 2010;
they are all weak recommendations based on very low-
certainty evidence. The BLS Task Force suggests per-
forming manual chest compressions on a firm surface
when possible; this includes activation of a bed’s CPR
mode if it has this feature. During in-hospital cardiac
arrest, the task force suggests against moving a patient
from a bed to the floor to improve chest compression
depth. The task force was unable to make a recom-
mendation about the use of backboards because the
confidence in effect estimates was so low.

Starting CPR: Compressions-Airway-Breaths
Versus Airway-Breaths-Compressions
Although most adult BLS guidelines recommend com-
mencing chest compressions before giving rescue
breaths, there is still considerable debate about this
sequence. This SysRev did not identify any additional
studies published after the 2015 ILCOR review.'?12
Effect on treatment recommendations: The treat-
ment recommendation is unchanged from 2015."%122

CPR Before Calling for Help for Adults With
OHCA

This topic is discussed in more detail in the BLS Hot Top-
ics section earlier in this publication. The SysRev identi-
fied just 1 cohort study on which to base the treatment
recommendation.

Effect on treatment recommendations: Despite very
low-certainty evidence, for adults with OHCA, the BLS
Task Force made a strong recommendation that a lone
bystander with a mobile phone should dial EMS, ac-
tivate the speaker or other hands-free option on the
mobile phone, and immediately begin CPR, with dis-
patcher assistance if required.

Timing of CPR Cycles (2 Minutes Versus Other)
This topic had not been updated since 2015.'2122 The
current SysRev identified 2 older studies that included
comparisons of groups with different CPR durations be-
tween rhythm checks, but both studies were designed
to address the question of CPR first compared with de-
fibrillation first. Consequently, the certainty of evidence
supporting the optimal duration of CPR is low.

Effect on treatment recommendations: The treat-
ment recommendation is unchanged from 2015.1212

Hand Position During Compressions
This topic was last reviewed in 2015.7212¢ This latest
SysRev did not identify any studies that evaluated the
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effect of any specific hand position on short-term or
long-term survival after cardiac arrest. Physiological sur-
rogate outcomes were reported in 3 very low-certainty
studies.

Effect on treatment recommendations: The treat-
ment recommendation is unchanged from 2015."%122

Rhythm Check Timing
During CPR, rhythm checks cause pauses in chest com-
pressions, and frequent pauses are associated with
worse outcomes from cardiac arrest. This SysRev was
undertaken to assess the evidence for optimal timing
for rhythm checks. Although only very low-certainty
evidence addressing this question was identified, worse
short-term and long-term outcomes have been report-
ed with immediate rhythm check after shock delivery.
Effect on treatment recommendations: The treat-
ment recommendation is unchanged from 2015.12123

Feedback for CPR Quality

Feedback for CPR quality is discussed in more detail in

the BLS Hot Topics section earlier in this publication.

This topic was last reviewed in 2015, and several ad-

ditional studies were identified in this updated SysRev.
Effect on treatment recommendations: The treat-

ment recommendation is unchanged from 2015.12122

Alternative Techniques (Cough CPR, Precordial
Thump, Fist Pacing)

This topic was last reviewed in 2010.'#142 Reports on
social media continue to advocate cough CPR, and it
may be perceived by the public as an effective way of
preventing cardiac arrest. There is no evidence that
cough CPR is effective in OHCA. Precordial thumping
and fist pacing are techniques previously recommended
to healthcare professionals.

Effect on treatment recommendations: Although
the treatment recommendations remain essentially un-
changed from 2010, the BLS Task Force has updated
them to clarify the special circumstances when these al-
ternative techniques might be appropriate. The strong
recommendation against cough CPR, precordial thump,
and fist pacing for cardiac arrest remains unchanged.
The Task Force suggests that fist pacing may be consid-
ered only as a temporizing measure in the exceptional
circumstance of a witnessed, monitored, in-hospital
arrest (such as in a cardiac catheterization laboratory)
with bradyasystole, if recognized promptly, before loss
of consciousness.

Public-Access Automated External Defibrillator
Programs

The impact on outcomes from cardiac arrest after im-
plementation of a public-access automated external
defibrillator (AED) program was last reviewed by IL-
COR in 2015,'>122 and SysRevs on the effects of public-
access defibrillation on OHCA survival were published

Circulation. 2020;142(suppl 1):52-S27. DOI: 10.1161/CIR.0000000000000890

Executive Summary: 2020 CoSTR

after 2015.7>® This updated ILCOR SysRev focused on
comparing outcomes in systems with public-access AED
programs with outcomes in systems with a traditional
EMS response, and the review included 1 RCT and 30
observational studies.

Effect on treatment recommendations: The strong
recommendation to implement public-access defibril-
lation programs for patients with OHCA is unchanged
from 2015.12122

Analysis of Rhythm During Chest Compressions
This topic is discussed in more detail in the BLS Hot
Topics section earlier in this publication. Artifact-filter-
ing algorithms for the analysis of electrocardiographic
rhythm during CPR have been proposed as a method
to reduce pauses in chest compressions and thereby in-
crease the quality of CPR.

Effect on treatment recommendations: The weak
recommendation against the routine use of artifact-fil-
tering algorithms for the analysis of electrocardiograph-
ic rhythm during CPR is unchanged from 2015.'212
However, the previous weak suggestion that it would
be reasonable for EMS systems that use integrated
artifact-filtering algorithms in clinical practice to contin-
ue with their use has been changed to a weak recom-
mendation that the usefulness of artifact-filtering algo-
rithms for the analysis of electrocardiographic rhythm
during CPR be assessed in clinical trials or research ini-
tiatives.

CPR Before Defibrillation
This topic was last reviewed by ILCOR in 2015.'2122 Al-
though previous treatment recommendations for CPR
before defibrillation have been based on RCTs, the re-
sults from these trials are inconsistent, and the optimal
timing of defibrillation remains uncertain. No new RCTs
were identified.

Effect on treatment recommendations: The treat-
ment recommendation is unchanged from 2015."%12

Removal of Foreign Body Airway Obstruction

The topic of foreign body airway obstruction (FBAO)
was last reviewed by ILCOR in 2010, and at that time,
the principal treatment recommendation was that
“chest thrusts, back blows, or abdominal thrusts are
effective for relieving FBAO in conscious adults and chil-
dren older than 1 year.”'212a Recently, manual suction
devices (airway clearance devices) that use a vacuum
to remove foreign bodies have become commercially
available. These devices have not previously been re-
viewed by ILCOR and were included in this SysRev. The
data in the peer-reviewed literature assessing the ef-
ficacy of suction-based airway clearance devices com-
prised just 1 case series of 9 adults, which the task force
deemed insufficient to support the implementation of a
new technology with an associated financial and train-
ing cost.
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Effect on treatment recommendations: The treat-
ment recommendation has been substantially updated
from 2010."2122 The BLS Task Force suggested that back
slaps are used initially in adults and children with an
FBAO and an ineffective cough and that abdominal
thrusts are used where back slaps are ineffective (weak
recommendation, very low-certainty evidence). Chest
thrusts are suggested in unconscious adults and chil-
dren with an FBAO. The task force suggested that res-
cuers consider the manual extraction of visible items in
the mouth but should not perform blind finger sweeps
in patients with an FBAO and that appropriately skilled
healthcare providers use Magill forceps to remove an
FBAOQ in patients with OHCA caused by FBAO. The task
force suggested that suction-based airway clearance
devices should not be used routinely.

Resuscitation Care for Suspected Opioid-
Associated Emergencies
This topic is discussed in more detail in the BLS Hot Top-
ics section earlier in this publication. In this updated Sys-
Rev, no studies were identified that compared bystand-
er-administered naloxone (intramuscular or intranasal)
plus conventional CPR with conventional CPR only.
Effect on treatment recommendations: No treatment
recommendation was made in 2015, but given the
scale of the opioid problem, on this occasion, on the
basis of expert opinion, the BLS Task Force suggested
that CPR be started without delay in any unresponsive
person who is not breathing normally, and that nalox-
one be used by lay rescuers in suspected opioid-related
respiratory or circulatory arrest.

Drowning
Prognostic factors that predict outcome after a drown-
ing incident were last reviewed in 2015."2122 Attempt-
ing to rescue a submerged victim has substantial re-
source implications and may place rescuers at risk;
thus, it was deemed important to update this SysRev
for 2020. The findings from the 6 new papers identi-
fied in this update are consistent with the 2015 treat-
ment recommendation.

Effect on treatment recommendations: The treat-
ment recommendation is unchanged from 2015."212

Harm From CPR to Victims Not in Cardiac Arrest
Lay rescuers may not begin CPR even when a victim is in
cardiac arrest because of concern that delivering chest
compressions to a person who is not in cardiac arrest
could cause serious harm. Evidence that chest compres-
sions are unlikely to cause harm in these circumstances
may encourage more bystanders to commence CPR for
cardiac arrest victims. This topic was last reviewed in
2015, and this updated SysRev did not find any studies.
Effect on treatment recommendations: The treat-
ment recommendation is unchanged from 2015."212
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Additional Reviews

The BLS Task Force also evaluated 3 other ScopRevs and
1 EvUp. These reviews, per ILCOR agreement, did not
change treatment recommendations, but several result-
ed in the suggestion for new SysRevs.

ADVANCED LIFE SUPPORT

Hot Topics

Vasopressors During Cardiac Arrest

In 2019, the ILCOR ALS Task Force published a SysRev
and meta-analysis’ and a CoSTR™'° on this topic. The
meta-analysis of 2 placebo-controlled trials showed
that after OHCA, epinephrine increases ROSC, surviv-
al to discharge, and survival at 3 months but did not
show an increase in survival to discharge with favor-
able neurological outcome.’”2%2! The much larger and
more recent trial (8000 patients)?® found no difference
in survival with favorable or unfavorable neurological
outcome at 3 months; thus, the impact of epinephrine
administration on neurological outcome for patients
with OHCA remains uncertain.

Another meta-analysis of these 2 RCTs has shown
that relative to placebo, the effects of adrenaline on
ROSC are greater for patients with an initially non-
shockable rhythm than for those with shockable
rhythms.?? Similar patterns are observed for longer-
term survival outcomes, but the differences in effects
are less pronounced.

The ALS Task Force recommends giving epinephrine
as soon as feasible in cardiac arrest with nonshock-
able rhythms unless there is a clearly reversible cause
that can be addressed rapidly. The optimal timing for
epinephrine in patients with shockable rhythms is un-
known. The task force suggests administering epineph-
rine after initial defibrillation attempts have been un-
successful; however, the optimal timing or number of
shocks after which epinephrine should be administered
remains unclear.

There are few data to guide the specific dose and
dose interval of epinephrine during cardiopulmonary
resuscitation; however, the 2 OHCA RCTs comparing
epinephrine with placebo used standard dose epineph-
rine (1 mg intravenous [IV] or intraosseous [IO] every
3-5 minutes).

There is limited RCT evidence on the use of epineph-
rine for in-hospital cardiac arrest; therefore, on the ba-
sis of the evidence for OHCA, in 2019 the ILCOR ALS
Task Force made the same recommendations for epi-
nephrine administration for in-hospital and OHCA.

The use of vasopressin alone or in combination with
epinephrine does not improve outcomes in comparison
with epinephrine alone; thus, to reduce complexity, epi-
nephrine alone is suggested.

Circulation. 2020;142(suppl 1):52-S27. DOI: 10.1161/CIR.0000000000000890
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Targeted Temperature Management
Targeted temperature management (TTM) has been the
subject of considerable controversy for many years. A
SysRev of TTM and treatment recommendations was
included in the 2015 CoSTR.232¢

Several studies have been published after 2015, but
the most important is HYPERION (Therapeutic Hypo-
thermia After Cardiac Arrest in Non Shockable Rhythm),
a French trial in which 581 adult, comatose patients
with OHCA and in-hospital cardiac arrest (IHCA) and an
initial nonshockable rhythm were randomized to either
TTM with a target temperature of 33°C or TTM with a
temperature of 37°C, both for 24 hours.?” At 90 days,
10.2% in the 33°C group were alive with a Cerebral
Performance Category score of 1 or 2 (the primary out-
come) compared with 5.7% in the normothermia group
(risk difference, 4.5%; 95% Cl, 0.1-8.9; P=0.04). There
was no difference in mortality at 90 days (81.3% versus
83.2%; risk difference, =1.9%; 95% Cl, =8.0 to 4.3).

This trial reinforces the 2015 ILCOR treatment recom-
mendations to consider TTM, targeting a constant tem-
perature between 32°C and 36°C in patients who remain
comatose after resuscitation from either IHCA or OHCA
with an initial nonshockable rhythm.?52¢ This may be
considered by some as controversial because, despite the
result of the HYPERION trial, it remains a weak recom-
mendation. However, the ALS Task Force chose to delay
updating this SysRev until the completion and publica-
tion of the TTM-2 (Targeted Hypothermia Versus Targeted
Normothermia After Out-of-Hospital Cardiac Arrest) RCT
(NCT02908308). Instead, EvUps on this topic have been
undertaken to assist in formulating regional guidelines.

Double Sequential Defibrillation

Patients in refractory ventricular fibrillation, compris-
ing about 20% of patients with ventricular fibrillation/
pulseless ventricular tachycardia, have significantly
lower rates of survival than patients who respond to
standard resuscitative treatments. Increasingly, these
patients are being treated with double (dual) sequen-
tial defibrillation—the use of 2 defibrillators to deliver 2
overlapping shocks or 2 rapid sequential shocks—as a
possible means of increasing ventricular fibrillation ter-
mination rates. The ALS Task Force's SysRev identified
only observational studies that were at critical or seri-
ous risk of bias because of confounding, and the task
force discussed the results of a small RCT comparing
standard defibrillation with changing pad position or
double sequential defibrillation.?® Given this very low-
certainty evidence, the task force suggested against the
routine use of a double sequential defibrillation strat-
egy to treat cardiac arrest with a shockable rhythm.

IV Versus 10 Drug Delivery

The 10 route is being used more frequently to deliver
drugs during resuscitation. Although some EMS person-
nel are using the 10 route in preference to the IV route
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for drug delivery in cardiac arrest, most commonly, the IO
route is used only after failed attempts at IV cannulation
or when IV cannulation is likely to be very difficult. Several
observational studies have documented an association be-
tween 10 drug delivery during resuscitation and a worse
outcome in comparison with IV drug delivery. However,
such studies are likely to include considerable bias. Sub-
group analyses from 2 recent RCTs showed no significant
interaction between the 10 and IV routes for the delivery
of epinephrine or placebo? or amiodarone, lidocaine, or
placebo,?® although the point estimates generally favored
IV access. The ALS Task Force decided to suggest the IV
route for the first attempt for drug delivery during adult
cardiac arrest, but if IV attempts fail or IV access is not
feasible, 10 access is suggested. Prospective studies will be
important to determine whether drug delivery first by IV
or 10 route impacts long-term outcomes in cardiac arrest.

Point of Care Echocardiography for
Prognostication During CPR

In 2015, the ALS Task Force addressed the question
of whether the use of cardiac ultrasound during CPR
changed outcomes and suggested its use as an additional
diagnostic tool to identify potentially reversible causes of
arrest.?>2¢ For 2020, the task force undertook a different
SysRev that looked at the intra-arrest prognostic capabili-
ties of point-of-care echocardiography. No RCTs were iden-
tified, and the 15 relevant observational studies included
in the review were rated as very low-certainty evidence
because of a high risk of bias. The bias related to inconsis-
tent prognostic factor measurement, outcome measure-
ment, lack of adjustment for other prognostic factors, and
confounding from self-fulfilling prophecy. There was wide
variation in classification of anatomy, type of cardiac mo-
tion, and timing of the intervention. The task force cau-
tioned against the overinterpretation of right ventricular
dilatation as a diagnostic indicator of massive pulmonary
embolism because this finding is seen commonly in car-
diac arrest from any cause. After careful consideration of
the evidence, the task force suggested against the use of
point-of-care echocardiography for prognostication dur-
ing CPR. In the future, identifying a standardized defini-
tion of cardiac motion as seen during point-of-care echo-
cardiography and minimizing other sources of bias will be
essential to obtaining high-certainty evidence.

New Systematic Reviews

Double Sequential Defibrillation
This topic is discussed in more detail in the ALS Hot
Topics section earlier in this publication. The task force’s
SysRev identified only observational studies that were
at critical or serious risk of bias because of confounding
and 1 recently published small pilot RCT.3!

Effect on treatment recommendations: In this new
recommendation, the ALS Task Force suggests against
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the routine use of a double sequential defibrillation
strategy to treat cardiac arrest with a shockable rhythm.

IV Versus 10 Drug Delivery

This topic is discussed in more detail in the ALS
Hot Topics section earlier in this publication. A Sys-
Rev® provided the data supporting a new treatment
recommendation.

Effect on treatment recommendations: This is a new
treatment recommendation: the ALS Task Force sug-
gests the IV route for the first attempt for drug delivery
during adult cardiac arrest, but if IV attempts fail or IV
access is not feasible, 10 access is suggested.

Point of Care Echocardiography for
Prognostication During CPR
The ALS Task Force undertook this new SysRev of the
intra-arrest prognostic capabilities of point-of-care
echocardiography. This topic is discussed in more detail
in the ALS Hot Topics section earlier in this publication.
Effect on treatment recommendations: The task
force suggested against the use of point-of-care echo-
cardiography for prognostication during CPR.

Cardiac Arrest Associated With Pulmonary
Embolism
The ALS Task Force updated a SysRev previously un-
dertaken in 2015%>% that sought to identify whether
any specific alteration in the ALS treatment algorithm
compared with standard ALS care would result in bet-
ter outcomes when treating an adult in cardiac arrest
caused by pulmonary embolism or suspected pulmo-
nary embolism. One additional observational study was
identified that found no difference in outcome with or
without fibrinolysis.?

Effect on treatment recommendations: The treat-
ment recommendation is unchanged from 2015.2>2¢

Oxygen Dose After ROSC
Observational studies have shown that after ROSC,
there is an association between both hypoxemia and
hyperoxemia and worse outcome. A SysRev conduct-
ed to inform the 2020 CoSTR identified 6 RCTs that
generally failed to show a benefit of a titrated (lower
concentration of inspired oxygen) approach compared
with standard care (higher concentration of inspired ox-
ygen).>* A subgroup analysis of patients with suspected
hypoxic-ischemic encephalopathy in 1 larger RCT docu-
mented better survival in patients for whom hyperox-
emia was aggressively avoided.*

Effect on treatment recommendations: The treat-
ment recommendation is unchanged from 2015.25%¢

Ventilation Strategy After ROSC in Adults

Whether targeting a specific Paco, after ROSC in
adults impacts outcomes was previously reviewed in
2015.%525 The ALS Task Force identified 2 small RCTs
and 3 additional observational studies published
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since 2015. Unfortunately, differences in the Paco,
targets used in the arms of the 2 RCTs precluded
meta-analysis.

Effect on treatment recommendations: The treat-
ment recommendation was modified from 2015 and
now states that there is insufficient evidence for or
against targeting mild hypercapnia compared with nor-
mocapnia in adults with ROSC after cardiac arrest. The
task force also suggests not routinely targeting hypo-
capnia in adults with ROSC after cardiac arrest.

Prophylactic Antibiotics After Cardiac Arrest
This new topic was prioritized by the ALS Task Force
on the basis of the recent publication of a SysRev on
the topic.*® Pneumonia affects approximately 50% of
intensive care unit patients after cardiac arrest. Meta-
analyses of both randomized trials and observational
studies showed no overall benefit in the use of prophy-
lactic antibiotics during post—cardiac arrest care. One
RCT documented a reduced incidence of early pneumo-
nia in patients treated with prophylactic antibiotics but
no effect on mortality.>’

Effect on treatment recommendations: A new rec-
ommendation was provided that suggested not using
prophylactic antibiotics in patients after ROSC.

Post-Cardiac Arrest Seizure Prophylaxis and
Treatment
Clinical convulsions and epileptiform activity in the
electroencephalogram (EEG) occur in 20% to 30%
of comatose cardiac arrest survivors. Whether seizure
prophylaxis and treatment in cardiac arrest survi-
vors reduces the incidence of seizures and improves
outcomes is unclear. This SysRev updated a review
undertaken in 2015.2>%¢

Effect on treatment recommendations: This treat-
ment recommendation has been updated from 2015.
The ALS Task Force suggested that seizures be treat-
ed but suggested against post—cardiac arrest seizure
prophylaxis in adults with ROSC. In 2015, there was
a strong recommendation to treat seizures, and the
weakening of this treatment recommendation takes
into consideration the absence of direct evidence that
seizure treatment improves critical outcomes in these
patients.

Prognostication in Comatose Patients After
Resuscitation From Cardiac Arrest

In many healthcare systems, life-sustaining treatment
may be limited or withdrawn when unfavorable neuro-
logical outcomes are expected. Thus, timely and reliable
prognostication is an important component of the treat-
ment of patients who remain comatose after cardiac ar-
rest. The 2015 ILCOR treatment recommendations on this
topic distinguished between studies of prognostication
among patients treated with or without hypothermia.
The updated SysRevs and treatment recommendations

Circulation. 2020;142(suppl 1):52-S27. DOI: 10.1161/CIR.0000000000000890
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for 2020 apply regardless of the temperature manage-
ment strategy used. Many observational studies on this
topic have been published since 2013, when the pre-
vious SysRev on neuroprognostication was undertaken.
For 2020, separate SysRevs were undertaken for the 4
prognostication domains of clinical examination, neuro-
physiological tests, biomarkers, and imaging.

Effect on treatment recommendations: The treat-
ment recommendations have been updated since
2015, the most important being a strong recommenda-
tion (albeit based on very low-certainty evidence) that
neuroprognostication always be undertaken with the
use of a multimodal approach because no single test
has sufficient specificity to eliminate false positives.

Clinical Examination for Prognostication

The ALS Task Force suggests using the following com-
ponents of clinical examination as part of a multimodal
approach to predicting the neurological outcome of
adults who are comatose after cardiac arrest (all based
on very low-certainty evidence): pupillary light reflex,
guantitative pupillometry, and bilateral absence of cor-
neal reflex (all at 72 hours or more after ROSC) and the
presence of myoclonus or status myoclonus within 7
days after ROSC. The task force also suggests recording
EEG in the presence of myoclonic jerks to detect any
associated epileptiform activity.

Neurophysiological Tests for Prognostication

The ALS Task Force suggests using the following neuro-
physiological tests as part of a multimodal approach to
predicting the neurological outcome of adults who are
comatose after cardiac arrest (all based on very low-
certainty evidence): bilaterally absent N20 wave of so-
matosensory evoked potential, the presence of seizure
activity on EEG, and burst suppression on EEG. The task
force suggests not using the absence of EEG background
reactivity alone to predict poor outcome in these patients.

Biomarkers for Prognostication

The ALS Task Force suggests using neuron-specific eno-
lase within 72 hours as part of a multimodal approach
to predicting neurological outcome of adults who are
comatose after cardiac arrest. The task force suggests
not using S-100B protein, glial fibrillary acidic protein,
serum tau protein, or neurofilament light chain for pre-
dicting poor neurological outcome of adults who are
comatose after cardiac arrest.

Imaging for Prognostication

The ALS Task Force suggests using the following im-
aging as part of a multimodal approach to predicting
neurological outcome of adults who are comatose after
cardiac arrest (all based on very low-certainty evidence):
gray matter to white matter ratio on brain computed
tomography, diffusion-weighted brain MRI, and appar-
ent diffusion coefficient on brain MRI.
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Additional Reviews

The ALS Task Force also evaluated 2 ScopRevs and 15
EvUps. These reviews, per ILCOR agreement, did not
change treatment recommendations, but several re-
sulted in the suggestion for new SysRevs.

PEDIATRIC LIFE SUPPORT (BASIC AND
ADVANCED)

Hot Topics

Fluid Administration Rate for Septic Shock and
Management of Septic Shock
Although substantial progress has been made in reduc-
ing mortality and morbidity from septic shock in infants
and children, recommendations for management are
often based on a consensus of experts because avail-
able evidence is limited. A very detailed 2020 EvUp
identified several relevant studies, and the PLS Task
Force agreed that a SysRev is needed in the near future.
In early February 2020, as the PLS Task Force was
finalizing the CoSTR publication, the Society of Critical
Care Medicine published their “Surviving Sepsis Cam-
paign International Guidelines for the Management of
Septic Shock and Sepsis-Associated Organ Dysfunction
in Children.”3® The task force cited recommendations
from these guidelines in several of the septic shock top-
ics in the PLS publication in this supplement and also
agreed to request a SysRev about the general manage-
ment of septic shock in infants and children.

Adrenaline/Epinephrine Initial Dose and Dose
Intervals for Cardiac Arrest

Although epinephrine has been part of pediatric resus-
citation for more than 50 years, there is little pediatric
data about its effectiveness or the optimal initial dose or
dose interval during resuscitation. The epinephrine Sys-
Rev identified evidence associating benefit with shorter
time to initial epinephrine administration and improved
outcomes in children with nonshockable rhythms and
OHCA*>**" and a new treatment recommendation re-
flected this evidence. However, there remains insuffi-
cient evidence about the effect of time to initial epi-
nephrine dose for OHCA with shockable rhythms. The
2 observational studies evaluating epinephrine dose
intervals during IHCA vyielded contradictory results, so
evidence remains insufficient about the optimal dose
interval for pediatric IHCA. %243 More data, ideally in the
form of RCTs, is needed on this important topic.

Management of Traumatic Shock in Infants and
Children

The 2020 CoSTR for PLS addresses the topic of graded
volume resuscitation for infants and children with trau-
matic hemorrhagic shock as well as management of the
child with cardiac arrest after trauma. The ScopRev on

October 20,2020  S11



0202 ‘8z $800100 U0 Aq Bio'sfeuino feye;/:dny wouy papeojumoq

Nolan et al

graded volume resuscitation identified a single observa-
tional study in the prehospital setting assessing the vol-
ume of fluid given to children with traumatic injuries,*
with an additional 4 studies comparing total crystalloid
volume given over 24 hours*=® and 1 study evaluating
the volume of crystalloids given to children who needed
transfusion.* The task force agreed that the evidence
was sufficient to consider a SysRev in the near future.
The task force discussions included the issue of the
scope of the ILCOR PLS Task Force mandate and wheth-
er trauma should be included among topics that this
task force evaluates, given that other organizations are
addressing the topic. However, because trauma remains
a leading cause of infant and child deaths worldwide,
the task force agreed to continue to evaluate evidence
addressing the management of seriously injured infants
and children but agreed that traumatic cardiopulmo-
nary arrest will, after 2020, remain in the purview of or-
ganizations such as the American College of Surgeons
(eg, via the Advanced Trauma Life Support Course®).

Ventilation Rate With Advanced Airway During
CPR

In 2010, the PLS Task Force identified insufficient pedi-
atric evidence to identify any optimal minute ventilation
during CPR with an advanced airway, and the treat-
ment recommendations noted that it would be reason-
able to provide a minute ventilation less-than-normal
for age because cardiac output and pulmonary blood
flow are much lower than normal during CPR.>">2 This
left the decision about ventilation rate up to individual
council guidelines. For simplicity, some councils recom-
mended the same ventilation rate used for adults. The
2020 EvUp search identified 1 small multicenter study
in children with advanced airways during CPR, report-
ing an association between a ventilation rate of 30/min
or greater for infants and 25/min or greater for chil-
dren and improved outcomes.>? These results raised the
guestion of the need for a faster ventilation rate during
CPR in children compared with adults. The task force
agreed that more data are needed (eg, larger obser-
vational studies, RCTs) and agreed to request a SysRev
when additional studies are published.

Use of Hemodynamic Monitoring When Available
During CPR

CPR quality is essential to good resuscitation out-
comes. Monitoring devices and systems available in
critical care may provide valuable feedback and data
about CPR quality. The task force requested a ScopRev
to determine the evidence available to support the
use of intra-arterial pressure monitoring if it is already
in place during CPR. A single observational study re-
ported an association between a mean diastolic (relax-
ation) blood pressure of 25 mm Hg or higher in infants
and 30 mm Hg or higher in children and survival.>*
Although the task force agreed that identification of
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a threshold diastolic blood pressure associated with
survival in children could be very helpful to guide re-
suscitation efforts, at this time, there is insufficient evi-
dence to identify any such threshold.

New Systematic Reviews

Sequence of Compression and Ventilation
In 2015, there was inadequate evidence to support
a PLS Task Force recommendation about the se-
quence of compressions and ventilation in infants and
children.>>*2 In 2020, the PLS Task Force combined
efforts with the BLS Task Force to perform a SysRev
to identify evidence supporting a CPR sequence be-
ginning with either compressions first or ventilation
first. The search identified no studies in children. As a
result, there is no change in the 2015 PLS treatment
recommendation. To review the BLS summary, see
“Starting CPR: Compressions-Airway-Breaths Versus
Airway-Breaths-Compressions” (BLS 661: SysRev) in
the 2020 CoSTR for BLS in this supplement.

Effect on treatment recommendation: no change from
2015; we are unable to make a recommendation.>

10 Versus IV Route of Drug Administration
The PLS Task Force joined with the NLS and ALS Task
Forces in a SysRev to identify the evidence of superi-
ority of either 10 or IV routes of drug administration
during CPR.32 The search strategy included newborns,
infants, children, and adults. Although evidence was
identified in newborns and adults, the search yielded
no studies that included infants (beyond newborns)
or children. To review the neonatal evidence identi-
fied by the SysRev, see “Intraosseous Versus Umbili-
cal Vein for Emergency Access” (NLS 616: SysRev) in
the 2020 CoSTR for NLS in this supplement.

Effect on treatment recommendation: No change
from 2010.5'°2

Adrenaline/Epinephrine Time of Initial Dose and
Dose Interval During CPR

The SysRev identified only observational (registry)
data (including 1 large study reporting data from
26 755 children,*® suggesting benefit associated
with earlier rather than later initial epinephrine ad-
ministration, especially for children with OHCA and
nonshockable rhythms.3*4" Because the 2 registry
studies of epinephrine dose intervals in children with
IHCA provided directly contradictory evidence,**43
the task force concluded that there was insufficient
evidence to make a new recommendation about epi-
nephrine dose interval.

Effect on treatment recommendations: New rec-
ommendations were provided suggesting that the
initial dose of epinephrine be given as soon as pos-
sible for children with OHCA and nonshockable
rhythm, but there was insufficient evidence to make
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a recommendation for initial epinephrine dose tim-
ing for OHCA with shockable rhythms and insuf-
ficient evidence to identify an optimal epinephrine
dose interval.

Oxygen and Carbon Dioxide Targets in Pediatric
Patients With ROSC
The PLS Task Force joined with the ALS Task Force to
request a SysRev to identify evidence about optimal
targets for Pao, and Paco, after ROSC.*® The PLS Task
Force agreed to evaluate only the pediatric evidence.
The search identified only observational studies about
oxygen targets.>’=° The SysRev also identified 2 observa-
tional studies that suggested potential harm (increased
mortality) associated with both hypercapnia and hypo-
capnia (compared with normocapnia) after ROSC .60
Effect on treatment recommendations: The recom-
mendations were modified from those published in
2015%>% targeting a Pao, appropriate for the child’s
condition or normoxemia, adding that it might be rea-
sonable to target an oxygen saturation of 94% to 99%.
The treatment recommendations for targeting Paco,
continue to suggest targeting normocapnia but now
include examples of clinical problems where normocap-
nia would not be desirable.

Additional Reviews

In addition to the SysRevs, the PLS Task Force evaluated
10 ScopRevs and 37 EvUps. These reviews, per ILCOR
agreement, did not change treatment recommenda-
tions, but several resulted in the suggestion for new
SysRevs. All are available in Appendixes B and C of the
PLS CoSTR.

NEONATAL LIFE SUPPORT

Hot Topics

Tracheal Intubation and Suction of Nonvigorous
Meconium-Stained Newborns

The 2015 recommendation about tracheal intubation and
suctioning was based on 1 RCT and observational studies
and GRADE reassessment of previously quoted evidence.
In 2020, the NLS Task Force requested a SysRev to include
studies published after 2015 to determine if any modifica-
tion of the 2015 treatment recommendation was need-
ed. None of the studies identified by the new SysRev®!
showed any benefit associated with the use of immediate
laryngoscopy with or without suctioning for nonvigorous
newborns delivered through meconium-stained amniotic
fluid. As a result, the task force agreed to increase the
certainty of the treatment recommendations against rou-
tine immediate direct laryngoscopy after delivery with or
without suctioning for nonvigorous newborns delivered
through meconium-stained amniotic fluid.
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Adrenaline/Epinephrine for Neonatal
Resuscitation

Before 2020, the NLS Task Force never performed a Sys-
Rev on the use, dose, and dose interval of epinephrine
in newborn resuscitation. The 2020 SysRev identified
only 2 small studies®?®* including 97 infants from the
same newborn intensive care unit (although in different
epochs). The task force agreed that the 2010 treatment
recommendations remain valid, with minor editorial re-
visions.

Initial Oxygen Concentration for Preterm Infants
at Birth

During stabilization of the preterm newborn in the
delivery room, medical practitioners must prevent or
rapidly treat hypoxia while limiting exposure to ex-
cess oxygen that may cause complications. In 2019,
the NLS Task Force requested a new SysRev after the
publication of several relevant studies about the ini-
tial oxygen concentration to use in preterm newborn
resuscitation.®* In that review, pooled data from 2 ob-
servational studies of 1225 newborns showed an as-
sociation between initiating resuscitation with lower
oxygen concentration and significant benefit in reduc-
tion of long-term mortality for all preterm newborns
28 weeks of gestational age or less.®>% Although
these results and associated treatment recommenda-
tions were published in the 2019 CoSTR'®" and not
reevaluated in this 2020 CoSTR, the NLS Task Force
agreed that initial oxygen concentration to use for re-
suscitation of the preterm newborn remains an impor-
tant topic.

Impact of Duration of Intensive Resuscitation
Neonatal clinicians face a critical decision when in-
tensive resuscitative efforts fail to result in ROSC.
They must decide when to redirect care of the infant
from resuscitation to providing comfort and con-
tact with the parents. The timing of this decision is
crucial—if made too early, it could deny the oppor-
tunity for the infant to survive with good neurode-
velopmental outcome, but if made too late, it could
result in very limited chance for survival without
severe neurodevelopmental impairment. The NLS
Task Force sought a SysRev to identify published evi-
dence of any resuscitation exposure or duration that
is associated with outcomes. The task force carefully
weighed the very limited data and acknowledged
that quality of resuscitative efforts will affect any
study of resuscitation duration and outcomes. The
new treatment recommendations suggest that dis-
cussion of discontinuing resuscitative efforts with
the clinical team and the family might be appropri-
ate after approximately 20 minutes after birth (see
more information below).
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New Systematic Reviews

Tracheal Intubation and Suction of Nonvigorous,
Meconium-Stained Newborns
As previously noted, the evidence identified by the 2020
SysRev®' added additional evidence of lack of benefit
to immediate tracheal suctioning of nonvigorous new-
borns born through meconium-stained amniotic fluid.
Effect on treatment recommendations: The NLS Task
Force strengthened the wording of the certainty of the
evidence for the treatment recommendation, suggest-
ing against routine immediate direct laryngoscopy af-
ter delivery of nonvigorous infants delivered through
meconium-stained amniotic fluid. The recommenda-
tions acknowledged that meconium-stained amniotic
fluid remains a risk factor for advanced resuscitation in
the delivery room and noted that rarely an infant may
require intubation and tracheal suctioning to relieve air-
way obstruction.

Sustained Inflation
If the newborn does not breathe spontaneously, pro-
viders must establish a functional residual capacity to
replace lung fluid with air. However, published evidence
has not identified the optimum method to accomplish
this. In 2015, the NLS Task Force suggested against the
routine use of sustained inflation®-%%; in 2020, the task
force sought a new SysRev to identify and analyze the
results of several clinical trials published after 2015. The
new SysRev”? identified 10 RCTs enrolling 1502 preterm
newborns.”"8 Although the studies demonstrated no
benefit or harm from initiating positive pressure ventila-
tion with sustained inflation(s) in preterm infants, in the
subset of very preterm infants (less than 28+0 weeks),
5 RCTs found potential harm from the use of sustained
im‘lation(s).”'72'75'76'79

Effect on treatment recommendations: The task
force strengthened the recommendation suggesting
against the routine use of sustained inflation(s) of more
than 5 seconds for preterm newborns. There is no evi-
dence to support a recommendation about the use of
any specific duration for initial inflations for term or
late-preterm infants.

Adrenaline/Epinephrine for Neonatal
Resuscitation
The 2019 SysRev about the effects of epinephrine dose
and dose intervals®' represents the first attempt to iden-
tify and analyze the evidence on this topic. Given the
very limited evidence identified, the task force agreed
that the 2010 treatment recommendations remained
valid, suggesting epinephrine administration for a per-
sistent heart rate of less than 60/min despite optimal
ventilation and chest compressions.57:6882.83

Effect on treatment recommendations: Only minor
editorial changes were made to the 2010 recommen-
dations.
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10 Versus Umbilical Vein for Emergency Access
Although small case series and case reports suggest
that fluids and medications can be delivered by the 10
route during newborn resuscitation,®8 complications
have also been reported.®+8-° |n 2019, the NLS Task
Force joined the ALS Task Force and the PLS Task Force
to complete a joint SysRev with meta-analysis.?* The
SysRev identified no published evidence addressing any
of the preidentified outcomes in newborns.

Effect on treatment recommendations: The task force
strengthened the recommendation for use of the umbili-
cal venous route for fluid and drug administration during
resuscitation in the delivery room but did allow use of
the 10 route if umbilical venous access is not feasible.

Impact of Duration of Intensive Resuscitation
During resuscitation of the newborn, clinicians and
parents often ask how long resuscitative efforts can
continue and still result in potential survival of the
infant with good neurological outcome. In 2019, the
NLS Task Force requested a SysRev to identify any evi-
dence of an incremental time of resuscitation expo-
sure from birth that was associated with very poor
likelihood of survival. This SysRev identified 15 out-
come studies of only 470 newborns.®' The task force
agreed that the limited number of infants in the stud-
ies and the heterogeneity of the studies provided very
low-certainty evidence on which to base new 2020
treatment recommendations.

Effect on treatment recommendations: The task
force noted that although there is no evidence that a
specific duration of resuscitation consistently predicts
mortality or moderate-to-severe neurodevelopmental
impairment, the failure to achieve ROSC despite 10 to
20 minutes of intensive resuscitation is associated with
high risk of mortality as well as severe neurodevelop-
mental impairment among survivors. The task force
agreed that a reasonable time frame to suggest discus-
sion of discontinuing resuscitative efforts is around 20
minutes after birth.

Additional Reviews

In addition to the SysRevs, the NLS Task Force per-
formed 3 ScopRevs and 12 EvUps. All reviews are high-
lighted in the NLS publication, including appendixes in
this supplement.

EDUCATION, IMPLEMENTATION, AND
TEAMS
Hot Topics

EMS Experience and Exposure
Resuscitation knowledge and skills are likely to degrade
with time if not refreshed with regular use or training;

Circulation. 2020;142(suppl 1):52-S27. DOI: 10.1161/CIR.0000000000000890
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however, a SysRev published in 2016% found very little
evidence to support this concept. The EIT Task Force un-
dertook a SysRev that identified 6 observational stud-
ies of very low-certainty evidence.??* Comparisons were
divided into exposure to resuscitation by the team or
individual, and years of career experience of individuals
within the team. A critical risk of bias and a high degree
of heterogeneity precluded meta-analyses. The task
force made a weak recommendation that EMS systems
should monitor exposure to resuscitation by clinical
personnel and, where possible, implement strategies to
address low exposure. This could include the rotation
of EMS personnel through higher OHCA volume areas
and the use of team simulation.

Community Initiatives to Promote BLS
Implementation

This topic was last reviewed for the 2010 CoSTR,%%
although the role of communities in providing and pro-
moting bystander CPR, a related topic, was reviewed
for the 2015 CoSTR.*>% The EIT Task Force decided to
search for evidence supporting the benefit of commu-
nity initiatives (interventions aimed at increasing the en-
gagement of the community in providing BLS with early
defibrillation) in promoting BLS implementation. Stud-
ies evaluating the role of healthcare professionals or first
responders with any duty to respond were excluded as
were several specific interventions that are reviewed
elsewhere in the 2020 CoSTR. Given the high hetero-
geneity among studies, a ScopRev was undertaken. Al-
though only 40% of the 17 identified studies reported
an increase in survival to hospital discharge, almost all
showed a benefit with implementation of community
initiatives, and this was greater in those evaluating bun-
dled interventions. The task force suggests that a Sys-
Rev be undertaken, but in the meantime, the treatment
recommendation from 2015 remains unchanged: “We
recommend implementation of resuscitation guidelines
within organizations that provide care for patients in
cardiac arrest in any setting (strong recommendation,
very low-quality evidence).”?>%

Opioid Overdose First Aid Education

The opioid overdose crisis is recognized as a major chal-
lenge, particularly in the United States. In 2015, the
ALS Task Force made a strong recommendation for the
use of naloxone for individuals in cardiac arrest caused
by opioid toxicity.?>?6 At that time, the BLS Task Force
made a weak recommendation to offer opioid overdose
response education, with or without naloxone distribu-
tion, to persons at risk for opioid overdose.'?'?* The
EIT Taskforce undertook a ScopRev of current opioid
overdose response education programs to determine
whether a new SysRev is required. Of 59 studies identi-
fied, only 8 used a comparator group and only 1 was
a randomized controlled trial. Inconsistent reporting of
educational interventions made it difficult to compare
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studies, and the EIT Task Force suggests that the use
of the Guideline for Reporting Evidence-Based Practice
Educational Interventions and Teaching checklist would
improve standardization.?” Another limitation in the evi-
dence identified is that first aid and survival outcomes
were generally self-reported by individuals refilling nal-
oxone prescriptions and, therefore, are of questionable
validity. The EIT Task Force found no evidence to change
the current weak recommendation: “We suggest offer-
ing opioid overdose response education, with or with-
out naloxone distribution, to persons at risk for opioid
overdose in any setting.” 12122

Willingness to Perform Bystander CPR

This topic was last reviewed by ILCOR in 2010.93%4
Given the low incidence of bystander provision of
CPR and use of AEDs, the EIT Task Force chose to un-
dertake a ScopRev comparing factors that increase
or decrease the willingness of bystanders to perform
CPR for OHCA. The facilitators and barriers to per-
forming CPR were categorized into personal factors,
CPR knowledge, and procedural issues.®® The 18 ob-
servational studies that were identified had significant
heterogeneity among study populations and method-
ologies, definitions of factors associated with willing-
ness to provide CPR, and outcomes reported. The task
force agreed that there were insufficient data to war-
rant a SysRev. Although the treatment recommenda-
tion remains unchanged from 2010,%3°4 the EIT Task
Force proposed that BLS training should include infor-
mation to overcome potential barriers to CPR faced
by lay rescuers. When providing CPR instructions,
EMS dispatchers should recognize the emotional bar-
riers and physical factors that may make lay rescuers
reluctant to perform CPR, and it will be important for
dispatchers to support bystanders in starting and con-
tinuing CPR.

Out-of-Hospital CPR Training in Low-Resource
Settings

To date, treatment recommendations with respect to
CPR training have generally been made from the per-
spective of a well-resourced environment; these recom-
mendations may not be applicable to lower-resource
settings (per the World Bank definition by gross nation-
al income per capita). The EIT Task Force undertook a
ScopRev to raise awareness of gaps in emergency care
services around the world, to identify gaps in the litera-
ture, and to suggest future research priorities. Clinical
outcomes were sought from studies of prehospital re-
suscitation among adults and children in low-resource
settings. Of the 24 studies identified, none came from
low-income countries, 4 came from lower-middle-in-
come countries, and all others were from upper-middle-
income economies. Longer-term outcomes, reported in
15 of the studies, were generally worse in the lower-
middle-income countries.
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The EIT Task Force encourages organizations re-
sponsible for emergency care in low-resource envi-
ronments to collect data and document outcomes,
ideally in the form of registries that comply with
the Utstein-style reporting template.®® In the future,
experts and clinicians from low-resource environ-
ments should be involved in global initiatives such as
ILCOR so that its recommendations can be made
acceptable and applicable locally. Whether pre-
hospital resuscitation is feasible, cost-effective, or
even ethically justifiable in these regions has been
questioned recently. Given the limited resources in
low-income countries, the feasibility of full ALS and
postresuscitation care is debatable. The priorities for
healthcare systems should be determined locally. In
the meantime, the weak recommendation made in
2015 stands: “We suggest that alternative instruc-
tional strategies would be reasonable for BLS or ALS
teaching in low-income countries. "9

New Systematic Reviews

EMS Experience and Exposure
This topic is discussed in more detail in the EIT Hot Top-
ics section earlier in this publication. The EIT Task Force’s
SysRev identified only 6 observational studies, and be-
cause of the critical risk of bias and a high degree of
heterogeneity, meta-analyses were not performed.®?
Effect on treatment recommendations: With this
new treatment recommendation, the task force sug-
gests that EMS systems monitor their clinical person-
nel’s exposure to resuscitation and, where possible,
implement strategies to address low exposure.

Patient Outcomes as a Result of a Member of the
Resuscitation Team Attending an ALS Course
Whether resuscitation team member completion of
an advanced cardiac life support course improves
patient outcomes after cardiac arrest has long been
debatable, not least because of the costs of these
courses to participants and healthcare organiza-
tions. This EIT Task Force review is an adolopment
of an existing SysRev and meta-analysis of 8 obser-
vational studies.’ Although this was deemed very
low-certainty evidence, it consistently favors ad-
vanced cardiac life support training.

Effect on treatment recommendations: The EIT Task
Force made a weak recommendation for the provision
of accredited adult advanced cardiac life support train-
ing for healthcare professionals.

Spaced Learning

A recent AHA scientific statement on education science
describes spaced or distributed practice as the sepa-
ration of training into several discrete sessions over a
prolonged period with measurable intervals between
training sessions (typically weeks to months).'" The EIT
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Task Force undertook a SysRev of learners taking resus-
citation courses and compared educational and clinical
outcomes among those undergoing spaced learning
with those undergoing massed learning (ie, training
provided at a single time point). In all 17 of the studies
identified, practical skills were assessed using manikins,
so this was deemed only very low-certainty evidence to
support spaced learning in resuscitation education.

Effect on treatment recommendations: In 2010,
there was insufficient evidence to recommend any spe-
cific training intervention, compared with traditional
lecture/practice sessions, to learning, retention, and use
of ALS skills.?>** However, for 2020, the EIT Task Force
suggests that spaced learning may be used instead of
massed learning.

Opioid Overdose First Aid Education
This topic is discussed in more detail in the EIT Hot
Topics section above. The EIT Task Force undertook a
ScopRev of studies that compared education about re-
sponse or care of an individual by first aid providers in
an opioid overdose emergency with response by those
with any other or no specialized education. Among the
8 identified studies with a comparator group, the task
force found no evidence to change the current treat-
ment recommendation.

Effect on treatment recommendations: The treat-
ment recommendation is unchanged from 2015."%122

Prehospital Termination of Resuscitation Rules

A recent SysRev identified 32 studies that addressed
the use of termination of resuscitation rules that pre-
dict in-hospital outcomes among adults and children
who do not achieve ROSC out-of-hospital.’? The
majority of these describe either the derivation and
internal validation of individual termination of resus-
citation rules or the external validation of previously
published termination of resuscitation rules. Al-
though the termination of resuscitation is commonly
undertaken in many EMS systems, the identification
of futile cases is challenging. The EIT Task Force ad-
vocates the adoption of termination of resuscitation
guidelines that take into account the patient’s prior
wishes and/or expectations, consideration of patient
preexisting comorbidities, and quality of life both
before and after the cardiac arrest. However, a ter-
mination of resuscitation rule should not be the sole
determinant of when to discontinue resuscitation.
Global variation in cultural and legal issues must also
be considered.

Effect on treatment recommendations: The 2010
CoSTR recommended the use of validated termina-
tion of resuscitation rules in adults.?*** For 2020,
the EIT Task Force softened this to a conditional rec-
ommendation, taking into consideration the social
acceptability of excluding potential survivors from
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in-hospital treatment and the very limited clinical
validation of such rules.

In-Hospital Termination of Resuscitation
Knowing when to stop a resuscitation attempt in-
hospital is challenging. The EIT Task Force undertook
a SysRev to determine whether the use of any clini-
cal decision rule would predict a poor outcome with
sufficient certainty to enable termination of the re-
suscitation attempt. Three studies used unwitnessed
arrest, nonshockable rhythm, and 10 minutes of CPR
without ROSC (the 3 variables of the so-called UN10
rule) to predict death before hospital discharge.
These studies were based on historical cohorts and
carry substantial risk of self-fulfilling prophecy bias.
No single clinical factor or decision rule has been
identified as sufficient to terminate resuscitation.
Effect on treatment recommendations: The EIT
Task Force made a strong recommendation (based on
very low-certainty evidence) against the use of the
UN1O0 rule as a sole strategy to terminate in-hospital
resuscitation. Clinicians should rely on clinical exami-
nation, their experience, and the patient’s condition
and wishes to inform their decision to terminate re-
suscitative efforts.

Additional Reviews

The EIT Task Force also evaluated 7 EvUps. The ScopRevs
and EvUps, per ILCOR agreement, did not change treat-
ment recommendations, but several resulted in the
suggestion for new SysRevs.

FIRST AID

Hot Topics

Control of Life-Threatening External Bleeding

Trauma remains the leading cause of mortality and
morbidity worldwide, and uncontrolled bleeding is the
primary cause of death in up to 35% of patients who
die from trauma.’®>1% The “Stop the Bleed” White
House initiative'® aims to bring battleground experi-
ence to the civilian world, with dissemination of edu-
cation and equipment to recognize and control life-
threatening bleeding. The combined SysRev for control
of life-threatening bleeding used a common search
strategy to evaluate evidence about direct manual pres-
sure, tourniguets, hemostatic dressings, and hemostat-
ic techniques.' The First Aid Task Force developed new
recommendations about the use of tourniquets for life-
threatening external extremity bleeding amenable to
the use of a tourniquet. Additional recommendations
include the use of direct manual pressure, with or with-
out a hemostatic dressing, for life-threatening external
bleeding not amenable to the use of a tourniquet.
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Cooling of Heatstroke and Exertional
Hyperthermia

Cooling for heatstroke and exertional hyperthermia
was prioritized in light of the rising global risk of
heat waves coupled with athletic events staged un-
der these challenging conditions. The First Aid Task
Force developed new treatment recommendations
based on evidence suggesting that water immer-
sion (between 1°C and 26°C, or between 33.8°F and
78.8°F) of the torso or whole body lowered the core
body temperature faster than other active and pas-
sive cooling modalities.

Stroke Recognition

A new SysRev evaluated the available tools to assist the
first aid provider in identifying potential stroke.'® All
tools were applied by trained EMS providers or nurses in
the prehospital setting, so the evidence was only indirect
when applied to the first aid setting; the ability of first aid
providers to use the tools correctly remains an important
question to be answered. The task force simplified pre-
vious recommendations'®''° and continued to suggest
that first aid providers use stroke assessment tools, not-
ing an increased specificity (without loss of sensitivity) in
tools that include measurement of blood glucose.

Dental Avulsion

When an injury causes tooth avulsion (ie, the tooth is
pulled out with the root), the tooth must be stored
in an appropriate medium to preserve viability until
the tooth can be reimplanted. The First Aid Task Force
sought a 2020 SysRev'" to identify optimal media for
temporary tooth storage, comparing the effects of
many different media on periodontal ligament cell vi-
ability (surrogate for viability of the tooth for reimplan-
tation). Although milk remains an effective medium,
the task force concluded that other media as well as
the use of clear cling film (ie, plastic wrap) were more
effective in preserving viability.

New Systematic Reviews

Methods of Glucose Administration

The 2020 SysRev focused on methods and forms of glu-
cose administration.'” The review identified very lim-
ited evidence, and 2 of the 4 studies identified enrolled
healthy volunteers (very indirect evidence).

Effect on treatment recommendations: The task
force suggested oral swallowed sugar in preference to
buccal administration of sugar. In a select group of chil-
dren, sublingual administration of a wet paste of sugar
improved resolution of hypoglycemia compared with
oral swallowed glucose.

Heatstroke Cooling
The 2020 SysRev''® focused on the potential for in-
creased survival and reduced morbidity associated
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with heatstroke with the use of rapid core cooling.
The task force evaluated limited evidence of 12 dif-
ferent active or passive cooling techniques in healthy
adults with exertional hyperthermia (ie, indirect evi-
dence about cooling for heatstroke). Evidence about
cooling during heatstroke was based on observational
studies and case series. Whole-body (neck-down) im-
mersion in water with temperatures of 1°C to 26°C,
or 33.8°F to 78.8°F (eg, in a small tub) produced the
most rapid rate of cooling and was faster than other
active-cooling techniques.

Effect on treatment recommendations: The new First
Aid Task Force recommendation for adults with exer-
tional hyperthermia or exertional heatstroke is imme-
diate active cooling using whole-body (ie, neck-down)
water immersion (1°C-26°C, or 33.8°F-78.8°F) until
the core body temperature is less than 39°C (102.2°F).
If water immersion is not possible, the task force rec-
ommends any other active-cooling methods.

Stroke Recognition

Because the prompt recognition of stroke is critical
for effective treatment,'™ the First Aid Task Force
requested a SysRev of stroke recognition tools ap-
propriate for use in the first aid setting.'® As noted
previously, in all identified studies, the stroke scales
or scoring tools were applied by trained EMS provid-
ers or nurses. As in the 2015 CoSTR, the 2020 First
Aid Task Force recommended the use of stroke assess-
ment scales or tools, based on the ability to perform
point-of-care glucose measurement.

Effect on treatment recommendations: The treat-
ment recommendations are essentially unchanged from
2015, although the specific stroke assessment tools cit-
ed vary slightly from those listed in 2015.19%.11

Supplementary Oxygen in Acute Stroke
The 2020 SysRev focused exclusively on oxygen use
for those with suspected stroke, rather than on gen-
eral first aid oxygen use.” With few exceptions,''® the
studies reviewed reported no benefit associated with
oxygen use (compared with room air) in those with sus-
pected stroke, and 1 study'” reported a higher rate of
respiratory complications associated with oxygen use.
Effect on treatment recommendations: In a new rec-
ommendation focusing on the use of oxygen for those
with suspected stroke, the task force suggested against
the routine use of oxygen for those with suspected stroke.

First Aid Administration of Aspirin for Chest Pain:
Early Compared With Late

The 2020 SysRev''™® evaluated the evidence about ef-
fects of early (prehospital or within 2 hours of symp-
tom onset) compared with later, often in-hospital aspi-
rin administration to anyone with nontraumatic chest
pain. Two observational studies found an association of
increased survival at 7 and 30 days'™'?° and 1 year'"?
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with early aspirin administration to those later diag-
nosed with acute myocardial infarction. However, in-
creased survival at 35 days was not noted in a study
administering enteric-coated aspirin.'?’

Effect on treatment recommendations: Early admin-
istration of aspirin is again suggested. However, the
recommendation is no longer restricted to those with
chest pain and suspected myocardial infarction but ap-
plies to all adults with nontraumatic chest pain.

Control of Life-Threatening Bleeding

A 2020 combined SysRev enabled the First Aid Task Force
to evaluate the evidence for several methods to control
life-threatening external bleeding, including direct pres-
sure, pressure dressings, pressure points, tourniquets,
hemostatic dressings, and hemostatic devices.” As
noted previously, evidence from both military and civil-
ian environments was identified. Key outcomes included
mortality as well as time to cessation of bleeding. Di-
rect manual pressure was demonstrated to be beneficial
compared with compression devices, pressure dressings
or bandages, or pressure points for severe life-threat-
ening external bleeding. Tourniquet use was associated
with a higher rate of bleeding cessation compared with
direct pressure in military cohort studies'?*'2* and lower
all-cause mortality in 1 large prehospital cohort study.?

In-hospital RCTs performed in patients after endo-
vascular procedures'?-'37 demonstrated more rapid
bleeding cessation with the use of hemostatic dress-
ings plus direct manual pressure compared with direct
manual pressure alone. Many patients in these studies
also received anticoagulant medications.

Effect on treatment recommendations: The 2020
treatment recommendations now suggest the use of
tourniquets for life-threatening external extremity
bleeding that is amenable to the use of a tourniquet;
direct pressure, with or without a hemostatic dressing
is recommended for life-threatening external bleeding
that is not amenable to tourniquet use.

Compression Wrap for Closed Extremity Joint
Injury
First aid providers are often called to assist in the
treatment of closed extremity joint injuries. The task
force requested a SysRev to identify and analyze the
evidence about treatment of these injuries.’® The evi-
dence, consisting of only in-hospital RCTs, found that
compression wraps did not reduce pain'*'° or swell-
ing'3%141.142 or improve range of motion.3%-141.143144 One
small randomized trial found that a compression wrap
did reduce recovery time and shorten time to return
to sports.’" The included studies may suffer from con-
founding related to the use of other standard therapy
for acute joint injuries.

Effect on treatment recommendations: The recom-
mendation is unchanged from 2010, when there was
insufficient evidence to recommend for or against the
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application of a pressure bandage for an acute closed
extremity joint injury.'#

Dental Avulsion
The First Aid Task Force requested a 2020 SysRev of media
used to store an avulsed tooth until it can be reimplant-
ed.”" Many RCTs found benefit from immersion of the
tooth in Hanks' Balanced Salt Solution'>" as well as in
oral rehydration salt solutions'*'>* or from wrapping the
tooth in cling film (ie, plastic wrap)'*® as compared with
immersion in milk. However, milk was better than many
other media for storing a tooth until reimplantation.
Effect on treatment recommendations: The task
force-recommended list of media and methods for stor-
ing an avulsed tooth is expanded and includes cling film
(ie, plastic wrap); 2 solutions (coconut water and egg
white) that were previously recommended are no lon-
ger included in the recommendations.

Additional Reviews

The First Aid Task Force also evaluated 8 ScopRevs and
2 EvUps.

NEXT STEPS

The ILCOR councils, task forces, and members are com-
mitted to the process of continuous evidence evaluation.
Through the ScopRevs and EvUps identified in this 2020
document, the task forces have identified many topics
that require new SysRevs. The task forces will prioritize
the next set of reviews, adding topics that result from
the emerging evidence. The ILCOR leadership and task
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forces have set ambitious goals designed to analyze pub-
lished studies and develop evidence-based treatment
recommendations in a continuous, annual fashion to as-
sist resuscitation councils in the creation and revision of
their guidelines for CPR, ECC, education, and first aid.
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(Continued)
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Kingdom)

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on
the Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if
(a) the person receives $10 000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the
voting stock or share of the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than
“significant” under the preceding definition.

*Modest.

tSignificant.

Appendix 2. Reviewer Disclosures
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and Science During Defibrillation Attempts.
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model)*; Zoll Foundation
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and Metabolicinterventions
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Work conducted in a swine
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Adverse Post-Resuscitation
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Improved Survival with Good
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Hospital/University of
Washington

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10000 or more
during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns
$10000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Significant.
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“Measurement is the first step that leads to control and eventually to
improvement. If you can’t measure something, you can’t understand it. If
you can’t understand it, you can’t control it. If you can’t control it, you can't
improve it.”

— H. James Harrington

The 2020 International Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science With Treatment Recommendations
(CoSTR) is the result of a long period of collaboration of international experts un-
der the umbrella of the International Liaison Committee on Resuscitation (ILCOR).
The ILCOR organization comprises the world’s leading resuscitation councils: the
American Heart Association (AHA), the European Resuscitation Council, the Heart
and Stroke Foundation of Canada, the Australian and New Zealand Committee
on Resuscitation, the Resuscitation Council of Southern Africa, the InterAmerican
Heart Foundation, and the Resuscitation Council of Asia. The vision of ILCOR is
“saving more lives globally through resuscitation,” and its mission is “to promote,
disseminate, and advocate international implementation of evidence-informed re-
suscitation and first aid, using transparent evaluation and consensus summary of
scientific data.” These goals are outlined in more detail in the 2016 to 2020 ILCOR
Strategic Plan (as electronic supplement).’

There are 6 ILCOR task forces: Basic Life Support; Advanced Life Support; Pedi-
atric Life Support; Neonatal Life Support; Education, Implementation, and Teams;
and First Aid.? Task force members represent diverse countries and bring expertise
in all aspects of prearrest, arrest, postarrest care, and first aid. ILCOR appoints
task force members by using a request for application and a rigorous selection
process, with the goal of balancing scientific and clinical expertise, representa-
tion across ILCOR member councils, representation across gender, and diversity
across career levels (early, mid, senior). Each task force also has an elected chair
and deputy chair, and all positions have a required (time-based) turnover of posi-
tions. The Acute Coronary Syndromes Task Force was not continued after 2015,
but relevant questions continue to be addressed within existing task forces.

Peter T. Morley, MBBS
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ILCOR maintains its commitment to a rigorous and
continuous review of scientific literature focused on re-
suscitation, cardiac arrest, relevant conditions requiring
first aid, related education, implementation strategies,
and systems of care.

ILCOR is also committed to publishing regular and
ongoing CoSTRs. The science evaluation performed by
ILCOR underpins the development of international re-
suscitation council guidelines (including the AHA and
the European Resuscitation Council).

EVIDENCE EVALUATION PROCESS

The most important product of the ILCOR evidence eval-
uation process is the summary of the evidence identified
(consensus on science) and the accompanying treatment
recommendations. ILCOR is committed to transparency
in presenting consensus descriptions and summaries of
the evidence, and the creation of treatment recommen-
dations whenever consensus can be achieved. The pro-
cesses to evaluate the information available has evolved
substantially over the past 2 decades, as has ILCOR’s ap-
proach to reviewing the science related to its mission.

2015 Evidence Evaluation Process

In 2015, ILCOR published its detailed 2075 International
Consensus on Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care Science With Treatment Rec-
ommendations.>* It was a very detailed process in which
250 evidence reviewers from 39 countries completed
165 systematic reviews (SysRevs) on resuscitation-related
questions. These reviews were completed according to a
detailed process, including the use of the Grading of Rec-
ommendations Assessment, Development, and Evaluation
(GRADE).>® These reviews were published in summary
format as the 2015 CoSTR.3# The supporting documenta-
tion for these SysRevs was published in electronic format
with the key components of the review (including PICO
[population, intervention, comparator, outcome] question,
search strategies, bias assessment tools, GRADE evidence
profile tables, and CoSTRs) housed in a repository. This pro-
cess was also underpinned by a rigorous conflict of interest
(COl) process, and each SysRev was peer reviewed.>®

The detailed methodology for the SysRevs com-
pleted for the 2015 CoSTR is outlined in the evidence
evaluation chapter.>® Very few of these SysRevs went
on to publication.

2016 to 2020 Evolution of the Evidence
Evaluation Process

Beginning in 2016, ILCOR reviewed and restructured
the evidence evaluation process to better meet its

commitment to facilitate a rigorous, continuous evi-
dence review. ILCOR committed to change the CoSTR

Circulation. 2020;142(suppl 1):528-540. DOI: 10.1161/CIR.0000000000000891
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evidence review and publication from every 5 years to
an annual update. The organization then began cre-
ating the infrastructure to support these reviews and
facilitate ILCOR's vision and mission.'

Continuous Evidence Evaluation Working Group
ILCOR created a governance process to support on-
going evidence evaluation. The Continuous Evidence
Evaluation Working Group (CEE WG) was created, and
it commissioned high-quality SysRevs to be performed
by knowledge synthesis units (KSUs) and expert system-
atic reviewers (ESRs). More details of the role and com-
ponents of these KSUs and ESRs are described in the
subsequent sections. The publication of peer-reviewed
SysRevs in addition to the peer-reviewed ILCOR CoSTRs
maximizes dissemination of the evidence. The first of
these commissioned SysRevs was published in 2017,7
and, on the basis of this review, the basic life support and
pediatric life support CoSTR Updates were published in
2017.8° Additional SysRevs provided the foundation for
CoSTR Updates in 2018'%" and 2019."2"3 In all, 4 KSU
pilots and 24 expert SysRev pilots were commissioned.
The CoSTRs and evidence-to-decision frameworks and
links to the International Prospective Register of System-
atic Reviews (PROSPERO) registration and published Sys-
Rev manuscripts are posted on ILCOR.org.™

The CEE WG provided additional expertise and re-
sources to support the task forces. Domain leads are re-
searchers and clinicians with specialized knowledge in
topics such as defibrillation or cardiopulmonary resusci-
tation adjuncts. They were appointed to assist the task
forces in identifying and analyzing relevant evidence.
CEE WG members, domain leads, task force chairs and
other experts subscribed to publication alerts to keep
them aware of studies published relevant to their re-
view topics and areas of expertise.

ILCOR also facilitated the creation of a more perma-
nent document and template repository on its website.™
This repository houses the instructional and process docu-
ments that support the continuous evidence evaluation
process,” an explanatory video about the continuous
evidence evaluation process,'® the draft CoSTRs,"” and fi-
nal versions of the CoSTRs. This site has a public interface
where draft material is posted for public review and com-
ments during the creation of the SysRevs and CoSTRs.

The ILCOR SysRev process continues to be based on
the methodological principles published by the Nation-
al Academy of Health and Medicine (formerly the Insti-
tute of Medicine) in 2011, the Cochrane Library,-?!
GRADE,?? and the reporting guidelines based on the
recommendations from Preferred Reporting Items for
a Systematic Review and Meta-Analysis (PRISMA?3).24
The details of this evidence evaluation process estab-
lished by the CEE WG for the KSUs and ESRs can be
found in the workflow document?®> and are outlined in
a descriptive video.'®
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Scientific Advisory Committee

The CEE WG was created as the interim methodologi-
cal governance process in 2016, and it continued to
function until the ILCOR Scientific Advisory Commit-
tee (SAC) was convened. The SAC first met in August
2019, with elected members and some ex-officio rep-
resentation. Committee appointments required meth-
odological expertise, a track record of involvement with
review of resuscitation science, and appropriate content
knowledge. Members met regularly (every 1-2 weeks)
by webinar and continued the governance of the CEE
process. The new and updated process documents and
reporting templates were posted on the ILCOR web-
site.’ Specific SAC members were assigned to work
with specific ILCOR task forces, to provide a conduit for
methodological expertise and advice, and to facilitate
completion of and the methodological rigor of the task
force—based evidence reviews.

Prioritization of Questions Asked

The ILCOR task forces prioritized topics for review in sev-
eral ways. Topics related to the large existing list of ILCOR
PICO questions from 2010 and 2015 were initially priori-
tized by the relevant ILCOR task forces. The task forces
continually reevaluated their priorities using several tools,
including areas identified as gaps by the 2015 reviews, 262
ongoing literature searches performed by the domain
leads, information gleaned from recently completed stud-
ies, “hot” topics, and areas of controversy or confusion
raised by task force members or ILCOR member councils.
All prioritized questions were revised and written into a
PICOST (population, intervention, comparator, outcome,
study design, time frame) format to facilitate the planned
review. Diagnostic and prognostic questions required a
modification of the standard PICOST format. All PICOSTs
for ILCOR reviews were required to be reviewed and ap-
proved by members of the CEE WG/SAC.

Public Comment

ILCOR is committed to obtaining input from the broad-
est community possible to help it establish the most rel-
evant topics, the best way to describe its processes for
maximum transparency, and the most useful treatment
recommendations. Beginning in 2016, ILCOR has com-
municated with lay and professional organizations to
direct the public to the ILCOR website and sends email
communications to those previously engaged to notify
them of any additional postings for comment. The in-
dividual draft 2020 CoSTRs were accessed and viewed
more than 200000 times.

Each submitted CoSTR is accompanied by a complet-
ed GRADE evidence-to-decision framework,?2° which is
used by the task force to guide its members through a list
of key questions. The ILCOR task forces are given guid-
ance on how to provide background information outlin-
ing their discussions in sections of the reviews titled “Justi-
fication and Evidence-to-Decision Framework Highlights”
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and “Task Force Insights.” The task forces are also re-
quested to provide a list of key gaps in knowledge that
had been identified. The product of these deliberations is
published as a draft CoSTR online,'” in the yearly CoSTR
summary documents,®'3 and in the more complete sum-
mary documents (such as this publication series).>* The in-
tegrity of these products and a transparent description of
the processes that underly them is crucial because these
products are used by the international guideline-writing
bodies to write the resuscitation guidelines.

Types of Evidence Evaluation

The 2020 CoSTR includes many SysRevs (performed by
the relevant task forces, with or without additional ap-
pointed experts), but for the first time it also includes
other evidence evaluation processes: task force-based
scoping reviews (ScopRevs) and international collabora-
tor-based evidence updates (EvUps). Table 1 lists some
of the key components of each of these reviews.

Systematic Reviews

Ideally, every ILCOR topic reviewed would have the ben-
efit of a meticulously performed SysRev as the basis for
critical appraisal. The Academy of Medicine defines a Sys-
Rev as a “scientific investigation that focuses on a specific
question and uses explicit, prespecified scientific methods
to identify, select, assess, and summarize the findings of
similar but separate studies. It may include a quantita-
tive synthesis (meta-analysis), depending on the availabil-
ity of data.”'® Although the ILCOR membership values
SysRevs, many resuscitation topics and questions are still
not addressed by adequately powered, randomized clini-
cal trials or high-quality observational studies to evaluate
outcomes that the task forces agree are critical '

The list of processes common to all ILCOR SysRevs is
outlined in Table 2. Some of these steps are outlined in
more detail in the sections that follow. The information
from these SysRevs has been incorporated into the respec-
tive task force chapters. The CoSTR and evidence-to-de-
cision frameworks for these reviews were posted in draft
form on the ILCOR website,"”” and the approved CoSTRs
are included in the respective task force publication,
with an evidence-to-decision table for each new CoSTR in
Supplement Appendix A in the Data Supplement.

Pathways to Completion of SysRevs

In the evidence evaluation process that resulted in the
2015 CoSTR, all SysRevs were performed by the task forc-
es. Since 2016, the process has involved several options
for completing SysRevs; these options are outlined below.

Knowledge Synthesis Units. ILCOR began a pilot
program that commissioned internationally renowned
groups of systematic-review methodologists who had
completed a request for proposals to perform SysRevs.
These groups had experience publishing high-quality

Circulation. 2020;142(suppl 1):528-540. DOI: 10.1161/CIR.0000000000000891
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Table 1. Overview of the Evidence Evaluation Processes for the 2020 CoSTR
KSU SysRev ESR SysRev Task Force SysRev | Task Force ScopRev EvUp
Question based on task force v v v v +
priorities
Guidance for review PRISMA PRISMA PRISMA PRISMA-ScR ILCOR and member
councils
Search strategy created by 4 v v v +
information specialist*
Lead for review KSU ESR ILCOR Task Force ILCOR Task Force ILCOR member
council collaborators
Content experts from task force +
Review of published data v v
Combination of data (eg meta- v v v - -
analysis)
Bias assessment v v 4 - -
GRADE evidence profile tables v v v - -
GRADE EtD v v v - -
Task force review and insights v v 4 v -
incorporated
Consensus on science v v v - -
Revision/creation of treatment v v - -
recommendationt
Opportunity for public comment v v -
Peer-reviewed publicationt + + -
Included in 2020 CoSTR manuscript | Summary, including Summary, including Summary, including Summary, including Summary, including
PICOST, CoSTR PICOST, CoSTR PICOST, CoSTR PICOST PICOST
Included in 2020 CoSTR appendixes EtD: EtD: EtD: Supplement Appendix | Supplement Appendix
in the Data Suppl t ) ) ) B C
in the Data supplemen Supplement Appendix | Supplement Appendix | Supplement Appendix
A A A

*Peer-reviewed search strategies were created by information specialists for all ESR and KSU SysRevs.

tIndependent peer review was required for all KSU and ESR SysRevs before posting of CoSTRs and journal submission of SysRevs.

v indicates required; +, not required but preferred; -, not consistent with methodology; CoSTR, Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science With Treatment Recommendations; ESR, expert systematic reviewer; EtD, evidence-to-decision framework; EvUp, evidence update;
GRADE, Grading of Recommendations Assessment, Development, and Evaluation; ILCOR, International Liaison Committee on Resuscitation; KSU, knowledge
synthesis unit; PICOST, population, intervention, comparator, outcome, study design, time frame; PRISMA, Preferred Reporting Items for a Systematic Review and

Meta-Analysis??; PRISMA-ScR, Preferred Reporting Items for a Systematic Review and Meta-Analysis—extension for Scoping Reviews??; ScopRev, scoping review; and

SysRev, systematic review.

SysRevs, and some adopted the name knowledge syn-
thesis unit. The KSUs were commissioned to research
evidence addressing particularly complex questions and
multiple PICOSTs that usually involved more than 1 task
force and to capture and analyze data to address mul-
tiple subgroup issues. The KSU staff worked in conjunc-
tion with content experts (as well as members of the
CEE WG/SAC) who ensured that all relevant task forces
were involved when questions were common to 2 or
more of the task forces.

The KSUs performed a commissioned review, based
on contracts created with strict timelines for delivery.
The KSU process included clear instructions about en-
gagement of task force(s) and expectations for the final
product, which included a peer-reviewed publication.
Details are included in an online instructional docu-
ment3 (see Table 1 summary for more details).

Circulation. 2020;142(suppl 1):528-540. DOI: 10.1161/CIR.0000000000000891

Expert Systematic Reviewer. ILCOR invited expres-
sions of interest for the ESR roles. These individuals or
small collaborative groups were required to have meth-
odological expertise and a track record of publications
within the relevant domains. The appointed ESRs were
then commissioned to perform SysRevs (see Table 1 for
more details). The PICOSTs assigned to ESRs were less
complex, with limited subgroup analyses, and usually
involved a single task force. The first SysRev conducted
by an ESR was published in 2018.%¢

Task Force SysRev. The detailed KSU and ESR process
for completion of SysRevs was commissioned by ILCOR
with a contractual requirement to publish a SysRev in a
peer-reviewed journal. The task forces, however, identi-
fied many topics that did not address complex questions
or require extensive subgroup analyses. As in the ILCOR
evidence evaluation processes through 2015, the ILCOR
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Table 2. Summary Outline of the Process Steps for the 2020 CoSTR
SysRevs

Task forces select, prioritize, and refine questions (using PICOST format)

Task forces allocate level of importance to individual outcomes

Task forces allocate PICOST question to SysRev team*

SysRev registered with PROSPERO

SysRev team works with information specialists to develop and fine-tune
database-specific search strategies

Revised search strategies used to search databases

Articles identified by the search are screened by allocated members of the
SysRev team using inclusion and exclusion criteria

SysRev team agrees on final list of studies to include

SysRev team agrees on assessment of bias for individual studies

GRADE Evidence Profile table created

Draft CoSTRs created by SysRev team

Evidence-to-decision framework completed by task force

Public invited to comment on draft CoSTRs

Detailed iterative review of CoSTRs to create final version

Peer review of final CoSTR document

CoSTR indicates Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science With Treatment Recommendations;
GRADE, Grading of Recommendations Assessment, Development, and
Evaluation; PICOST, population, intervention, comparison, outcome, study
design, time frame; PROSPERO, International Prospective Register of
Systematic Reviews; and SysRev, systematic review.

*Systematic review team could be knowledge synthesis unit, expert
systematic reviewer, or task-force-led team involving content experts from the
International Liaison Committee on Resuscitation task force(s), and delegated
member of the Continuous Evidence Evaluation Working Group and Scientific
Advisory Committee.

task forces were empowered to complete such reviews. If
a topic was considered appropriate for a task force SysRey,
the task force created a SysRev team and followed a for-
mal process® (see Table 2). The CoSTRs for these SysRevs
are incorporated into the task force chapters. The support-
ing evidence-to-decision framework for each of the task
force SysRevs is published in Supplement Appendix A. The
first task force—based SysRev was published in 2020.38

Adolopment. For some prioritized questions, the task
force identified an existing, relevant, recently published
SysRev (with or without a meta-analysis). The SAC recog-
nized that duplication of effort to complete a new SysRev
would be a waste of resources. For these situations,
the CEE WG/SAC recommended use of the GRADE-
Adolopment methodology®® to assess whether the iden-
tified review could be adopted and adapted as needed.
This methodology includes a rigorous process with strict
steps to allow the incorporation of the information into
an ILCOR SysRev. The result of this process could be the
construction of a CoSTR. This process was first used by
the Advanced Life Support Task Force to review prophy-
lactic antibiotic use after cardiac arrest.040:41

Components of a SysRev

Formulating the Question. Existing and new ques-
tions for any SysRevs were formulated to comply with
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the population, intervention, comparison, outcome,
study design®? and time frame. The CEE WG/SAC devel-
oped a generic template to facilitate the development
of a sensitive and specific search strategy.*?

Search Strategy. The search strategies were created
by information specialists on the basis of the PICOST
question. Most of the searches were conducted by an
information specialist contracted by ILCOR, while some
were conducted by information specialists working
with topic experts. Many of the search strategies them-
selves were independently peer reviewed. The CEE WG/
SAC requested that the searches be performed, at a
minimum, using MEDLINE, Embase, and the Cochrane
Library. The CEE WG/SAC also requested a search of
relevant databases of submitted protocols, to identify
any incomplete or unpublished trials, and for the search
to be registered with PROSPERO.

Questions Related to Prognosis and Diagnostic
Test Accuracy. Most topics reviewed by the task
forces related to interventions, but some by necessity
were focused on prognosis or diagnostic test accuracy.
GRADE has formulated processes to support these,4>
and the CEE WG/SAC provided guidance on outcome
selection, tools for bias assessment, evidence profile
tables, and variation in the evidence-to-decision frame-
work. For some of the prognostic questions, the out-
come measures used for diagnostic methodology (eg,
specificity) were considered to have especially signifi-
cant clinical relevance.*

Combination of Data (Meta-Analysis). One reason
to complete a SysRev is to facilitate the performance
of meta-analyses. It is not always appropriate to com-
bine data from identified studies, and reviewers were
encouraged to consider the methodological rigor of
the identified studies, and how similar they were with
regard to components of the PICOST. If there were
limitations to performing the meta-analysis (includ-
ing heterogeneity), task forces were asked to describe
these and to consider sensitivity analyses by including
or excluding specific types of studies.” The task forces
were asked to state explicitly situations where the het-
erogeneity of studies precluded meta-analysis (eg, the
nature of the results, the extent to which the results
addressed the PICOST question, the methodology).

GRADE Process

GRADE was adopted by ILCOR for the 2015 evidence
evaluation process.>® The GRADE process and ILCOR
evidence evaluation have both continued to evolve,
and a number of changes were made to the ILCOR
evidence evaluation process to ensure consistency with
the GRADE process. The GRADE risk-of-bias tools for
randomized controlled trials and nonrandomized stud-
ies have changed, and the online guideline develop-
ment tool has been updated. The GRADE developers
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continue to refine their processes, including improv-
ing ways to explain the published evidence.#” These
updates were introduced through use of the online
GRADE handbook?? and via specific publications.

Key components of the GRADE process that were
incorporated into the SysRevs completed for the 2020
ILCOR CoSTRs are listed below.

Bias Assessment for Randomized Controlled Trials.
The recommended risk of bias tool for randomized con-
trolled trials is now the revised Cochrane Risk of Bias
tool.%® This tool assesses the risk of bias using signaling
guestions to explore 5 domains for individually random-
ized trials, including bias arising from the randomization
process, due to deviations from intended interventions,
due to missing outcome data, in measurement of the
outcome, and in selection of the reported result.

Bias Assessment for Nonrandomized Trials. \When
using GRADE to evaluate certainty of evidence, the origi-
nal certainty of evidence started at high for randomized
controlled trials for interventions and started at low for
observational (nonrandomized studies).* As the types
of evidence reviewed using the GRADE methodology
expanded, some concern was expressed that the GRADE
approach was unnecessarily harsh in its assessment of the
certainty of the evidence.*® The GRADE group revisited this
automatic allocation of evidence. The new recommended
tool to assess risk of bias for nonrandomized studies was
Risk of Bias In Non-randomised Studies - of Interventions
(ROBINS-I).>" This tool enables all nonrandomized studies
to start at low risk of bias, but it is expected that they will
be adjusted to moderate, serious, or critical risk on the
basis of methodological concerns.*

Evidence Profile Tables. The GRADE evidence profile
tables have been created to present a summary of the
evidence that addresses the particular outcome. The
ILCOR task forces continue to use the guidance from
instructional documents on the ILCOR website, and the
online GRADE guideline development tool*? to com-
plete these tables. These tables include the following
information: the specific outcome; the number of stud-
ies and their study design(s); judgments about risk of
bias, inconsistency, indirectness, imprecision, and other
considerations (including publication bias and factors
that increase the certainty of evidence); relative and
absolute effects for that outcome; a rating of the overall
certainty of evidence for each outcome (which may vary
by outcome); classification of the importance of each
outcome; and explanatory footnotes, if needed. The
use of these tables facilitates the translation of a body
of science into a summary of science. The ILCOR task
forces use the content of the evidence profile tables as
a way to create the consensus on science statements.
Wording may be: “For the critical outcome of survival to
hospital discharge, we identified low-certainty evidence
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Table 3. Certainty (Quality) of Evidence for a Specific Outcome (or
Across Outcomes)?

Grade Definition

High We are very confident that the true effect lies close to
that of the estimate of the effect.

Moderate We are moderately confident in the effect estimate:
The true effect is likely to be close to the estimate
of the effect, but there is a possibility that it is

substantially different.

Low Our confidence in the effect estimate is limited: The
true effect may be substantially different from the
estimate of the effect.

Very low We have very little confidence in the effect estimate:
The true effect is likely to be substantially different

from the estimate of effect.

(downgraded for risk of bias and indirectness) from 3
randomized studies that enrolled 873 patients.” The
evidence profile tables are not included in the task force
chapter or appendices but are included in the SysRevs
published in the peer-reviewed literature.

Certainty (Quality) of Evidence. The GRADE process
requires an allocation of the overall quality of the evi-
dence identified to support each important or critical
outcome. ILCOR adopted the phrase “certainty of evi-
dence” as recently recommended by the GRADE work-
ing group.>® The ratings of the certainty of evidence
reflect the extent of our confidence that the estimates
of the effect are correct. This certainty of evidence,
which is based on our confidence in the estimate of the
relative importance of the outcomes (and their variabil-
ity) is adequate to support a particular recommenda-
tion.>* The allocated certainty can be high, moderate,
low, or very low (see Table 3).2?

The GRADE approach to the certainty of evidence
states that information from randomized trials without
important limitations provides high-certainty evidence,
and expects that information from observational (non-
randomized) studies without special strengths or im-
portant limitations provides low-certainty evidence.#:>°
The final allocation of certainty of evidence for an out-
come is derived from the information provided in the
fields of the evidence profile tables: limitations in study
design or execution (risk of bias), inconsistency of re-
sults, indirectness of evidence, imprecision, publication
bias, large magnitude of effect, plausible confounding,
and dose-response gradient (see Table 4).22

For the ILCOR treatment recommendations, the
GRADE process requires an assessment of the overall
certainty of evidence across all critical outcomes for
that question. The recommended approach is that the
lowest certainty of evidence for any of the critical out-
comes determines the overall certainty of evidence.®

Evidence-to-Decision = Framework. The 2015
CoSTR adhered to GRADE methodology by includ-
ing statements about values and preferences. ILCOR
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Table 4. Factors That Can Alter the Certainty (Quality) of Evidence??

Factor Consequence
Limitations in study design or execution (risk of bias) 1 1or2levels
Inconsistency of results 1 1or2levels
Indirectness of evidence 1 10or2levels
Imprecision 1 1or2levels
Publication bias 1 1or2levels
Large magnitude of effect 11 o0r2levels
All plausible confounding would reduce the 11 level
demonstrated effect or increase the effect if no effect

was observed

Dose-response gradient 11 level

has continued with this process and, for SysRevs, has
incorporated an evidence-to-decision framework. This
process required the task force to consider additional
factors while developing their CoSTRs.?82° The ques-
tions to be considered relate to 6 main areas: the prob-
lem being addressed, the benefits and harms of the
options, the anticipated resource use, equity, accept-
ability, and feasibility (see Table 5). The task force discus-
sions during this process are captured by the task forces
for each question in a subsection entitled “Justification
and Evidence-to-Decision Framework Highlights."”

Treatment Recommendations

Strength of Recommendation. The strength of a rec-
ommendation reflects the extent to which the task force
is confident that the desirable effects of an action or
intervention outweigh the undesirable effects. As noted
above, the strength of a recommendation usually relies
on evidence regarding those outcomes that the task
force considered critical, and the certainty of evidence
for each of these outcomes. GRADE suggests using 2
strengths of recommendations: strong and weak. A
strong recommendation suggests that the task force is

Table 5. Components of Evidence-to-Decision Framework for
Questions Related to Interventions?52

Component Questions

Problem Is there a problem priority?

Benefits and harms
of the options

What is the overall certainty of this evidence?

Is there important uncertainty about how much
people value the main outcomes?

Are the desirable anticipated effects large?

Are the undesirable anticipated effects small?

Are the desirable effects large relative to
undesirable effects?

Resource use Are the required resources small?

Is the incremental cost small relative to the net
benefits?

Equity What would be the impact on health inequities?

Acceptability Is the option acceptable to key stakeholders?

Feasibility Is the option feasible to implement?
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confident that desirable effects outweigh the undesir-
able effects; the recommendation could be adopted as a
policy, and adherence to this recommendation could be
used as quality measure. In such cases, the words “we
recommend” reflect this certainty. In contrast, a weak
recommendation suggests that the task force is not con-
fident that desirable effects outweigh the undesirable
effects. The recommendation may need further quali-
fication or decision tools, and as a result, policies may
vary among different regions. The task force’s wording
usually reflects this lack of certainty, with the words
“we suggest,” or the recommendations can be “condi-
tional,” “discretionary,” or “qualified.”>®

Discordant Recommendations. In general, the expec-
tation was that the strength of the recommendation
(strong or weak) is consistent with the certainty (quality)
of the evidence.> There are some situations where the
task force wished to make a strong recommendation
despite having low- or very low-certainty (quality) evi-
dence. In this situation, the task forces were requested
to justify their “discordant” recommendation. Such
justification could result from scenarios where a very
high value is placed on an uncertain but potentially life-
preserving benefit, a much higher value or confidence
is placed on adverse events than on an uncertain ben-
efit, a high value is placed on the reduction in harm, or
a high value is placed on avoiding harm.*®

No Recommendations. In many situations, the task
forces deliberated at length about whether to make a
recommendation for or against a particular treatment
or diagnostic study. The body of evidence supporting
outcomes that the task force rated critical or impor-
tant may be either large but without significant benefit
(or harm) observed (with a degree of certainty); small
(or nonexistent) with no significant benefit (or harm)
observed (with a very low degree of certainty); or the
analysis made using the evidence-to-decision frame-
work suggested that there are trade-offs related to a
change in practice (eg, educational requirements, cost
benefits, additional equipment, inequities).

The task forces, given the geographical diversity
and broad and deep expertise of their members, are
in a unique position to provide guidance for the inter-
national community. They were encouraged to make
recommendations for each question asked, when con-
sensus allowed.>

Good Practice Statements. In situations where there
is no relevant evidence, the task forces could consider
making a good practice statement.>® In general, the
message in a good practice statement should adhere
to the following principles: the message should be
clear, specific and actionable; the message should be
necessary (without the guidance, clinicians might fail
to take the appropriate action); the message should be

Circulation. 2020;142(suppl 1):528-540. DOI: 10.1161/CIR.0000000000000891



0202 ‘8z $800100 U0 Aq Bio'sfeuino feye;/:dny wouy papeojumoq

Morley et al

associated with a net benefit that is considered large
and unequivocal; and the values and preferences are
clear, or it would be a poor use of a guideline pan-
el's time and resources to collect evidence (eg, limited
opportunity or high cost). The task force should pro-
vide the rationale, including an explicit statement of the
chain of evidence that supports the recommendation.>®

Scoping Reviews

ScopRevs are useful to examine and map the extent,
range, and nature of research activity (for example,
when examining areas that are emerging, to clarify key
concepts, to identify gaps or to identify topics for future
SysRevs).>%% These reviews tend to start with a broad
guestion, search widely, iteratively focus in on key is-
sues and outcomes, and produce a narrative (descrip-
tive) summary of the studies identified but not an esti-
mate of the magnitude of effect.

The task forces often completed a preliminary search
relating to a specific topic or wished to perform a
broader search to help define the next steps. In such
cases, they performed a ScopRev. The SAC developed
a process to incorporate ScopRevs into the ILCOR evi-
dence evaluation process.®’

ScopRevs can result in a publishable manuscript, but
they do not assess the bias of included studies or the
magnitude and direction of outcomes in a quantitative
way; therefore, they cannot support the construction
of a CoSTR without an additional SysRev. The method-
ology for reporting ScopRevs is based on the PRISMA
Extension for ScopRevs.>

The ILCOR task forces were empowered to appoint
a task force—based ScopRev team to coordinate the de-
velopment of a ScopRev. Components of the ScopRev
that were included in the review template included
a COIl declaration; a methodological preamble; the
PICOST; the search strategies; the inclusion and exclu-
sion criteria; data tables; task force insights, including
the rationale for the search, a narrative summary of evi-
dence identified; a narrative reporting of the task force
discussions; and knowledge gaps and references.®?

The task forces performed a detailed review of the
contents of the ScopRev, including a recommendation
for next steps, specifically whether the task force agreed
that the evidence identified was sufficient to consider
requesting a SysRev. The Basic Life Support Task Force
published an extensive ScopRev.®* ScopRevs were each
posted for 2 weeks on the ILCOR website for public
comment and are published in their entirety in Supple-
ment Appendix B in each of the task force manuscripts
(see Table 1 for more details).

Evidence Updates

The ILCOR task forces and the member councils iden-
tified a number of topics that had not been formally
reviewed in several years. Volunteer members from the
councils agreed to perform an update of these topics
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to identify any relevant evidence published after the
last formal review. The volunteers reran or revised the
original search strategy in consultation with the task
forces, documented results of the search, and tabulated
the data identified within the included studies. Similar
to ScopRev methodology, there was no requirement
for bias assessment of the individual studies or GRADE
review of evidence across outcomes. The authors were
then asked to indicate whether they thought that a for-
mal SysRev should be considered. The task forces were
able to review these updates to a variable degree, but
given that ILCOR agreed that any new treatment recom-
mendation requires completion of a SysReyv, these EvUps
did not result in development of new treatment recom-
mendations or revision of current recommendations.
The topics reviewed as EvUps are listed in each task force
manuscript, with a note as to whether the EvUp identi-
fied sufficient published evidence to suggest the need
for a future SysRev. The methodology and draft sum-
mary of these updates as submitted by the reviewers is
included in Supplement Appendix C in each of the task
force manuscripts (see Table 1 for more details).

MANAGEMENT OF POTENTIAL
CONFLICTS OF INTEREST
THROUGHOUT THE PROCESS

To ensure the integrity of the evidence evaluation and
the process of consensus on science development,
ILCOR followed its rigorous COlI management policies
at all times. A full description of these policies and their
implementation can be found in Part 4 of the 2010
CoSTR.%484 Any person involved in any part of the pro-
cess disclosed all commercial relationships and other
potential conflicts by using the standard AHA online
COl disclosure process. Disclosure information for writ-
ing group members is listed in Appendix 1. Disclosure
information for peer reviewers is listed in Appendix 2.

Intotal, the AHA, onbehalf of ILCOR processed more than
200 COl declarations. In addition to disclosing commercial
relationships, volunteers were asked to be sensitive to any
potential intellectual conflicts, such as having authored key
studies related to a topic, or involvement in ongoing stud-
ies related to a topic. All disclosures were reviewed by AHA
staff and considered in the assignment of task force chairs,
vice chairs, members, and other leadership roles. Relation-
ships were screened for conflicts in assigning individual
PICOST questions to task force members, ESRs, or KSUs.
Evidence reviewer roles were reassigned when potential
conflicts surfaced.

Participants, 2 COI co-chairs, task force chairs, task
force members, and staff raised COI questions and issues
throughout the process and referred them to the COlI
co-chairs if they could not be resolved within the task
force. The COI co-chairs kept a log of each COl-related
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issue and its resolution. None of the COl issues required
serious intervention, such as replacement of anyone in
a leadership role. When a commercial relationship or in-
tellectual conflict was discovered for a specific PICOST
guestion, that question was reassigned to an evidence
reviewer without a potential conflict. This happened
several times during the continuous evidence evaluation
process. During conferences, each participant was as-
signed a COIl number, and a full list of disclosures was
available to all participants throughout the meeting. Par-
ticipants were asked to state any potential conflict when
they participated in discussions, and they abstained from
voting on any issue for which they had a conflict. COI
co-chairs were available during conferences for anony-
mous reporting; no such reports were received.

NEXT STEPS

The resuscitation community continues to conduct re-
search to improve the effectiveness of resuscitation. As
these manuscripts are published, ILCOR will incorporate
them into the continuous evidence evaluation process-
es. ILCOR plans to continually review all topics related to
resuscitation through a comprehensive evidence evalu-
ation strategy that includes publication alerts, current
peer-reviewed search strategies, the various systematic
review pathways outlined in this chapter, and the use of
ScopRevs where appropriate. ILCOR is also expanding

Disclosures
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online options to assist with the enormous task of eval-
uating published evidence and timely dissemination of
treatment recommendations by using various digital
platforms and further engaging the resuscitation and
general communities through opportunities for input
and feedback. Consistent with the Utstein Formula for
Survival,®> where science and education and implemen-
tation result in improved survival, ILCOR will strive to
shorten the time from evidence evaluation to transla-
tion to clinical practice.
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2020 International Consensus on Cardiopulmonary Resuscitation
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ABSTRACT: This 2020 International Consensus on Cardiop'u/mona(y Theresa M. Olasveengen,
Resuscitation (CPR) and Emergency Cardiovascular Care Science With MD, PhD
Treatment Recommendations on basic life support summarizes evidence
evaluations performed for 22 topics that were prioritized by the Basic Peter T. Morley, MBBS,
Life Support Task Force of the International Liaison Committee on AFRACMA, GCertClinTeac
Resuscitation. The evidence reviews include 16 systematic reviews, 5 On behalf of the Adult
scoping reviews, and 1 evidence update. Per agreement within the Basic Life Support
International Liaison Committee on Resuscitation, new or revised Collaborators
treatment recommendations were only made after a systematic review. The full author list is available on
. . . . . page
Systematic reviews were performed for the following topics: dispatch 577

diagnosis of cardiac arrest, use of a firm surface for CPR, sequence for
starting CPR (compressions-airway-breaths versus airway-breaths-
compressions), CPR before calling for help, duration of CPR cycles,

hand position during compressions, rhythm check timing, feedback for
CPR quality, alternative techniques, public access automated external
defibrillator programs, analysis of rhythm during chest compressions,

CPR before defibrillation, removal of foreign-body airway obstruction,
resuscitation care for suspected opioid-associated emergencies, drowning,
and harm from CPR to victims not in cardiac arrest.

The topics that resulted in the most extensive task force discussions
included CPR during transport, CPR before calling for help, resuscitation
care for suspected opioid-associated emergencies, feedback for CPR
quality, and analysis of rhythm during chest compressions. After
discussion of the scoping reviews and the evidence update, the task force
prioritized several topics for new systematic reviews.
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Cardiopulmonary Resuscitation (CPR) and Emergency
Cardiovascular Care (ECC) Science With Treatment
Recommendations (CoSTR) summary publications.
This 2020 CoSTR for basic life support (BLS) includes
new topics addressed by systematic reviews (SysRevs)
performed within the past 12 months and prioritized
by the BLS Task Force. It also includes updates of the
BLS treatment recommendations published from 2010
through 2019, as needed, based on additional evi-
dence evaluations. As a result, this 2020 CoSTR for BLS
is the most comprehensive update since 2010.

The 3 major types of evidence evaluation supporting
this 2020 document are the SysRev, the scoping review
(ScopRev), and the evidence update (EvUp).

The SysRev is a rigorous process, following strict
methodology to answer a specific question; each of
these ultimately resulted in generation of the task force
consensus on science with treatment recommendations
included in this document. The SysRevs were performed
by a knowledge synthesis unit, an expert systematic
reviewer, or the BLS Task Force, and many resulted in
separate published SysRevs.

To begin the SysRey, the question to be answered was
phrased in terms of the PICOST (population, interven-
tion, comparator, outcome, study design, time frame)
format. The methodology used to identify the evidence
was based on the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses.® The approach used to
evaluate the evidence was based on that proposed by
the Grading of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) working group.' Using
this approach, the task force rated as high, moderate,
low, or very low the certainty/confidence in the estimates
of effect of an intervention or assessment across a body
of evidence (excluding animal studies) for each of the pre-
defined outcomes. Randomized controlled trials (RCTSs)

This 2020 document is the fourth in a series of
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generally began the analysis as high-certainty evidence,
and observational studies generally began the analysis
as low-certainty evidence; examination of the evidence
using the GRADE approach could result in downgrading
or upgrading of the certainty of evidence. For additional
information, refer to this supplement’s “Evidence Evalu-
ation Process and Management of Potential Conflicts
of Interest.”"" Disclosure information for writing group
members is listed in Appendix 1. Disclosure information
for peer reviewers is listed in Appendix 2.

When a pre-2015 treatment recommendation was
not updated, the language used differs from that used
in the GRADE approach because GRADE was not used
before 2015.1213

Draft 2020 CoSTRs for BLS were posted on the
ILCOR website™ public comment between December
31, 2019, and February 16, 2020, with comments ac-
cepted through February 29, 2020. These new draft
2020 CoSTR statements for BLS received 45694 views
and 27 comments.

This summary statement contains the final wording
of the CoSTR statements as approved by the ILCOR
task forces and by the ILCOR member councils after re-
view and consideration of comments posted online in
response to the draft CoSTRs. Within this publication,
each topic includes the PICOST as well as the CoSTR,
an expanded “Justification and Evidence-to-Decision
Framework Highlights” section, and a list of knowledge
gaps requiring future research studies. An evidence-to-
decision table is included for each CoSTR in Appendix A
in the Supplemental Materials of this document.

The second major type of evidence evaluation per-
formed to support this 2020 CoSTR for BLS is a ScopRev.
ScopRevs are designed to identify the extent, range, and
nature of evidence on a topic or a question, and they
were performed by topic experts in consultation with
the BLS Task Force. The task force analyzed the identified
evidence and determined its value and implications for
resuscitation practice or research. The rationale for the
ScopReyv, the summary of evidence, and the task force
insights are all highlighted in the body of this publica-
tion. The most recent treatment recommendation is in-
cluded. The task force notes whether the ScopRev iden-
tified substantive evidence that may result in a change
in ILCOR treatment recommendations. If sufficient evi-
dence was identified, the task force suggested consid-
eration of a (future) SysRev to supply sufficient detail
to support the development of an updated CoSTR. All
ScopRevs are included in their entirety in Appendix B in
the Supplemental Materials of this publication.

The third type of evidence evaluation supporting this
2020 CoSTR for BLS is an EvUp. EvUps are generally
performed for topics previously reviewed by ILCOR to iden-
tify new studies published after the most recent ILCOR evi-
dence evaluation, typically through use of search terms and
methodologies from previous reviews. These EvUps were

Circulation. 2020;142(suppl 1):541-591. DOI: 10.1161/CIR.0000000000000892
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performed by task force members, collaborating experts,
or members of council writing groups. The EvUps are cited
in the body of this document with a note about whether
the evidence suggested the need to consider a SysRev; the
existing ILCOR treatment recommendation was reiterated.
In this document, no change in ILCOR treatment recom-
mendations resulted from an EvUp; if substantial new evi-
dence was identified, the task force recommended consid-
eration of a SysRev. All EvUps are included in Appendix C in
the Supplemental Materials of this publication.

The BLS Task Force considered the availability of new
evidence as well as the evidence needed to create, con-
firm, or revise treatment recommendations. The chapter
topics are organized in sections that approximate the
order of the steps of resuscitation. For each reviewed
topic, the method of review (SysRev, ScopRev, EvUp) is
clearly labeled, with links to the relevant review docu-
ments in the Appendixes in the Supplemental Materials.

TOPICS REVIEWED IN THIS 2020 BLS
CoSTR

Note: As indicated above, the new BLS CoSTR evidence
reviews were all completed in February 2020. As a result,
this document does not address the topic of potential
influence of coronavirus disease 2019 (COVID-19) on
resuscitation practice. In the spring of 2020, an ILCOR
writing group was assembled to identify and evaluate
the published evidence regarding risks of aerosol gen-
eration and infection transmission during attempted
resuscitation of adults, children, and infants. This group
developed a consensus on science with treatment rec-
ommendations and task force insights. This statement
is published as a separate document.’™ As new evidence
emerges, the ILCOR task forces will review and update
this statement, so the reader is referred to the ILCOR
website'* for the most up-to-date recommendations.

Early Access and Cardiac Arrest Prevention, Includ-
ing Emergency Medical Dispatch and Dispatcher-
Assisted CPR (DA-CPR)
e Dispatch diagnosis of cardiac arrest (BLS 740:
SysRev)
¢ Dispatcher instructions in CPR (2019 CoSTR BLS
359: SysRev)
e Dispatcher-assisted compression-only CPR versus
conventional CPR (2017 CoSTR BLS 359: SysRev)

Compression-Only CPR

e lay rescuer chest compression—only versus stan-
dard CPR (2017 CoSTR BLS 547: SysRev)

e Emergency medical services (EMS) chest compres-
sion—only compared with conventional CPR (2017
CoSTR BLS 360: SysRev)

¢ In-hospital chest compression—only CPR versus
conventional CPR (2017 CoSTR BLS 372: SysRev)
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e Rescuer fatigue in chest compression—-only CPR
(BLS 349: ScopRev)

CPR Sequence

e Firm surface for CPR (BLS 370: SysRev)

e Starting CPR (compressions-airway-breaths [C-A-
B] versus airway-breaths-compressions [A-B-C])
(BLS 661: SysRev)

e CPR before call for help (BLS 1527: SysRev)

e Duration of CPR cycles (2 minutes versus other)
(BLS 346: SysRev)

e Check for circulation during BLS (BLS 348: EvUp)

Components of High-Quality CPR

e Hand position during compressions (BLS 357:
SysRev)

e Chest compression rate, chest compression depth,
and chest wall recoil (BLS 366, BLS 367, BLS 343:
ScopRev)

e Compression-to-ventilation ratio (2017 CoSTR BLS
362: SysRev)

e Timing of rhythm check (BLS 345: SysRev)

e Feedback for CPR quality (BLS 361: SysRev)

Alternative Techniques
e Alternative techniques (cough CPR, precordial
thump, fist pacing) (BLS 374: SysRev)

Defibrillation

e Public access automated external defibrillator
(AED) programs (BLS 347: SysRev)

¢ Analysis of rhythm during chest compressions (BLS
373: SysRev)

e CPR before defibrillation (BLS 363: SysRev)

¢ Paddle size and placement for defibrillation (ALS-
E-030A: ScopRev)

Special Circumstances
e CPR during transport (BLS 1509: ScopRev)
e Removal of foreign-body airway obstruction (BLS
368: SysRev)
e Resuscitation care for suspected opioid-associated
emergencies (BLS 811: SysRev)
¢ Drowning (BLS 856: SysRev)

Potential Harm From CPR
e Harm from CPR to victims not in cardiac arrest (BLS
353: SysRev)
e Harm to rescuers from CPR (BLS 354: ScopRev)

EARLY ACCESS AND CARDIAC ARREST
PREVENTION, INCLUDING EMERGENCY
MEDICAL DISPATCH AND DA-CPR

A variety of terms have been used to identify the
person(s) at an emergency telephone call center who
are charged with answering the call, interacting with the
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caller, and assigning the needed care providers to the
incident scene (traditionally called dispatchers). Termi-
nology is similarly varied for the process the dispatcher
uses to provide real-time CPR instructions to bystanders
at the scene of an out-of-hospital cardiac arrest (OHCA).
To remain consistent with the ILCOR evidence review, the
term DA-CPR will be used to describe such coaching in
this update, recognizing that other terms (eg, telecom-
municator CPR and telephone CPR) could be substituted.

Dispatch Diagnosis of Cardiac Arrest (BLS
740: SysRev)

Rationale for Review

Accurate recognition of cardiac arrest by emergency
medical dispatchers at the time of the emergency call is
an important early step in cardiac arrest management,
enabling initiation of DA-CPR and appropriate and timely
emergency response. The overall accuracy of dispatchers
in recognizing cardiac arrest is not well known. Further-
more, it is not known if there are specific call character-
istics that affect the ability to recognize cardiac arrest.

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

¢ Population: Adults and children with OHCA

¢ Intervention: Characteristics of the call process
(these might include the specific words by the
caller, language or idioms spoken by the caller and
understood by the call taker, perceptions of the
call receiver, emotional state of the caller, other
caller characteristics, type of personnel receiving
the call, background noises, etc)

e Comparator: Absence of identified characteristics
of the call process

e Qutcome: Any diagnostic test outcomes

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, con-
ference abstracts, trial protocols) were excluded.

¢ Time frame: All years and all languages were included,
provided there was an English abstract. The literature
search was updated November 28, 2019.

¢ International Prospective Register of Systematic
Reviews (PROSPERO) registration: CRD42019140265

Consensus on Science

A variety of algorithms and criteria (both commercial
and locally developed) are used by dispatch centers to
identify potential life-threatening events, such as car-
diac arrest and triage emergency responders, to the
scene appropriately. The dispatch centers reported
great variability of overall accuracy of these algorithms
and criteria for recognizing an OHCA in adults (Table 1).

Circulation. 2020;142(suppl 1):541-591. DOI: 10.1161/CIR.0000000000000892
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Table 1. Overall Diagnostic Performance of Dispatch Centers for Recognizing OHCA

No. of Median

Outcome Certainty Studies Patients (IQR)
Sensitivity Very low (risk of bias, imprecision, inconsistency) 46* 84 534t 0.79 (0.69-0.83)
False-negative rate (undertriage) Very low (risk of bias, imprecision, inconsistency) 46* 84 534+ 0.21(0.17-0.32)
Specificity Very low (risk of bias, inconsistency) 12% 789 004§ 0.99 (0.93-1.00)
False-positive rate (overtriage) Very low (risk of bias, inconsistency) 12% 789 004§ 0.01 (0.01-0.07)
Negative predictive value Low (risk of bias, inconsistency) 12% 789 0048 1.00 (0.92-1.00)
Positive predictive value Low (risk of bias, inconsistency) 12% 789 0048 0.76 (0.50-0.85)
Positive likelihood ratio Low (risk of bias, inconsistency) 12% 789 004§ 54.72 (11.28-152.22)
Negative likelihood ratio Low (risk of bias, inconsistency) 12% 789 0048 0.22 (0.19-0.24)

IQR indicates interquartile range; and OHCA, out-of-hospital cardiac arrest.

Sensitivity = proportion of confirmed cardiac arrest patients labeled as cardiac arrest by the dispatcher. False-negative rate = proportion of confirmed cardiac
arrest patients who are not labeled as cardiac arrest by the dispatcher. Specificity = proportion of patients without confirmed cardiac arrest identified who are
not labeled as cardiac arrest by dispatchers. False-positive rate = proportion of patients without cardiac arrest who are incorrectly labeled as cardiac arrest by the
dispatcher. Negative predictive value = the proportion of patients labeled as not cardiac arrest by the dispatcher who are found not to have confirmed cardiac
arrest. Positive predictive value = the proportion of patients labeled as cardiac arrest by dispatchers who are found to have confirmed cardiac arrest. Positive
likelihood ratio = the likelihood of a patient with confirmed cardiac arrest to be labeled positive compared with a person without cardiac arrest (the higher the
likelihood ratio, the better the test to rule in cardiac arrest). Negative likelihood ratio = the likelihood of a patient with confirmed cardiac arrest to be labeled
negative compared with a person without cardiac arrest (the smaller the likelihood ratio, the better the test to rule out cardiac arrest).

*References 16-61.

tPatients strictly with confirmed OHCA.

fReferences 16,21,22,27,34,39,41,42,47,48,60,61.

§All patients inclusive of those without and with confirmed OHCA.

We compared subgroups of studies that used pre-
determined or proprietary dispatching algorithms with
those that used less structured criteria for diagnosis of
cardiac arrest (dispatch algorithms versus criteria-based
dispatch) and studies that reported different credential
or training requirements for emergency dispatchers. No
identifiable differences were noted in these subgroup
analyses. Heterogeneity in studies and lack of adjusted
analyses precluded meta-analysis for any subgroup.

Treatment Recommendations
We recommend that dispatch centers implement a
standardized algorithm and/or standardized criteria to
immediately determine if a patient is in cardiac arrest
at the time of emergency call (strong recommendation,
very-low-certainty evidence).

We suggest that dispatch centers monitor and track
diagnostic capability.

We suggest that dispatch centers look for ways to
optimize sensitivity (minimize false negatives).

We recommend high-quality research that examines
gaps in this area.

Justification and Evidence-to-Decision
Framework Highlights

The evidence-to-decision table is included in Supplement
Appendix A-1. In making these new recommendations,
we prioritized the desirable benefits (increase in potential
lifesaving treatment) that would result from the immedi-
ate accurate identification of cardiac arrest by dispatch-
ers. These benefits include the provision of DA-CPR and
dispatching of appropriate EMS resources compared with
the undesirable consequences of lack of early recogni-
tion of the event, such as delays to CPR and AED use.

Circulation. 2020;142(suppl 1):541-591. DOI: 10.1161/CIR.0000000000000892

We realize that efforts to minimize the frequency of un-
dertriage (false-negative) may increase the frequency of
overtriage (false-positive cases). Importantly, whether in
cardiac arrest or not, the potential acuity of such patients
still demands the need for immediate EMS assistance at
the scene. In tiered response systems, if first-arriving EMS
responders find a less emergent situation on arrival, the
secondary advanced life support (ALS) response could be
cancelled. In either event, the consequences of failing to
recognize a genuine cardiac arrest in a timely manner is
significant enough to justify some false-positive events.
By comparison, the default position of most trauma sys-
tems is to have a high overtriage rate and a low undertri-
age rate because of similar concerns.

We were unable to make any recommendations on
specific algorithms or criteria for identification of cardiac
arrest because the variability across studies did not allow
for direct comparisons or pooling of data. Furthermore,
as the result of unexplained variability across studies,
even among those using similar dispatch criteria, there
was considerable variation in their diagnostic accuracy,
which prevented pooling of data to find overall diagnos-
tic accuracy measures for each of the algorithms. One
factor that significantly influences the diagnostic accu-
racy is the prevalence of cardiac arrest in the reported
population. In multiple studies, the denominator of total
evaluated calls was different—some studies reporting
cardiac arrests as a proportion of all emergency calls, oth-
ers reporting cardiac arrests as a proportion of calls strict-
ly among patients who were described as being unre-
sponsive, and still other studies that (retrospectively) only
included patients who were actually in cardiac arrest at
the time of the call. Reporting the accuracy of identifying
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a cardiac arrest as a proportion of all emergency calls
can produce misleadingly favorable diagnostic statistics
because, for the majority of such calls, it is obvious at the
time that the patient is not in cardiac arrest.

Last, although studies that examined barriers to car-
diac arrest identification were identified, these studies
were not done in a manner that enabled calculation of
the effect of these characteristics on OHCA diagnosis or
on dispatcher performance.

Knowledge Gaps
Current knowledge gaps include but are not limited to
the following:

e Are there other potentially important criteria or
ancillary tools in addition to standard dispatch
algorithms that might improve dispatcher recogni-
tion of cardiac arrest? These might include use of a
remote video link or pulse detection technologies
via a caller's mobile telephone.

¢ What are the potential obstacles to dispatcher rec-
ognition of cardiac arrest (eg, language barriers,
caller characteristics, patient characteristics)?

e Could the use of artificial intelligence improve
recognition of cardiac arrest compared with emer-
gency medical dispatcher recognition?

e What are the operational costs required for imple-
menting and monitoring dispatcher recognition
programs?

e What is the most accurate dispatch algorithm, and
what are the optimal criteria for rapidly recogniz-
ing cardiac arrest?

e What is the relationship between dispatch algo-
rithms and time to cardiac arrest recognition and
time to initiation of DA-CPR?

Dispatcher Instructions in CPR (2019
CoSTR BLS 359: SysRev)

DA-CPR has been reported in individual studies to sig-
nificantly increase the rate of bystander CPR and surviv-
al from cardiac arrest. In 2019, we undertook a SysRev
and meta-analysis to evaluate the impact of DA-CPR
programs on key clinical outcomes after OHCA.%? Con-
sensus on science, values, preferences, and task force
insights and knowledge gaps can be found in the 2079
International Consensus on CPR and ECC Science With
Treatment Recommendations.”®

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults with presumed OHCA
¢ Intervention: Patients/cases or EMS systems for
which DA-CPR is offered
e Comparator: Studies with comparators in which
either systems or specific cardiac arrest patients/
cases were not offered DA-CPR were included
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e Qutcome: Critical—survival with favorable neuro-
logical function (at hospital discharge, 1 month,
or 6 months), survival (to hospital discharge, 1
month, or 1 year), short-term survival (return of
spontaneous circulation [ROSC], hospital admis-
sion), provision of bystander CPR; important—ini-
tial shockable rhythm, time to CPR

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion

¢ Time frame: All years and all languages included
with the last search, performed July 1, 2018;
ongoing or unpublished studies identified through
a search of ClinicalTrials.gov online registry

e PROSPERO registration: CRD42018091427

Treatment Recommendations
We recommend that emergency medical dispatch cen-
ters have systems in place to enable call handlers to pro-
vide CPR instructions for adult patients in cardiac arrest
(strong recommendation, very-low-certainty evidence).
We recommend that emergency medical dispatch-
ers provide CPR instructions (when deemed necessary)
for adult patients in cardiac arrest (strong recommenda-
tion, very-low-certainty evidence).”®

DA-Assisted Compression-Only CPR
Versus Conventional CPR (2017 CoSTR
BLS 359: SysRev)

Emergency medical dispatchers typically are trained to
provide telephone instructions for both compression-
only CPR and conventional CPR with mouth-to-mouth
ventilation. There is still some degree of controversy
about whether it is sufficient for dispatchers to instruct
callers to do only compression-only CPR for adult car-
diac arrests or whether it is feasible to teach untrained
lay rescuers over the phone how to perform mouth-
to-mouth ventilation. This topic has been included in
a SysRev and meta-analysis.%®> The task force CoSTR
as well as values and preferences can be found in the
2017 International Consensus on CPR and ECC Science
With Treatment Recommendations Summary.>® These
note that the treatment recommendations prioritized
the effective treatment for the most common causes of
cardiac arrest (ie, cardiac causes). There remains uncer-
tainty about the optimal approach when the cardiac ar-
rest is caused by noncardiac causes, especially hypoxia.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults and children with OHCA
¢ Intervention: Dispatcher-assisted compression-only
CPR
e Comparator: Dispatcher-assisted standard CPR
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e Qutcome: The primary outcome was favorable
neurological outcomes, measured by cerebral per-
formance or a modified Rankin scale. Secondary
outcomes were survival, ROSC, and quality of life.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eligi-
ble for inclusion. Study designs without a compar-
ator group (ie, case series, cross-sectional studies),
reviews, and pooled analyses were excluded.

e Time frame: Published studies in English were
searched on January 15, 2016.

e PROSPERO registration: CRD42016047811

Treatment Recommendation

We recommend that dispatchers provide chest com-
pression—only CPR instructions to callers for adults with
suspected OHCA (strong recommendation, low-cer-
tainty evidence).>®

COMPRESSION-ONLY CPR

One of the primary measures taken to improve sur-
vival after cardiac arrest is a focused effort to improve
the quality of CPR. Although the impact of high-
quality chest compressions has been studied exten-
sively,5-% the role of ventilation and oxygenation in
the initial management of cardiac arrest is less clear.
Shortly after the publication of the 2075 International
Consensus on CPR and ECC Science With Treatment
Recommendations,** a 23711-patient RCT was pub-
lished evaluating the effectiveness of continuous chest
compressions (during which breaths were given with-
out pausing chest compressions) in the EMS setting.”®
In parallel, developments of large national and region-
al registries are continually providing new insights into
the epidemiology of cardiac arrest and effects of by-
stander CPR on outcomes.”! These emerging publica-
tions generated an urgent need to review all available
evidence on continuous compression strategies to pro-
vide an updated evidence evaluation that includes the
latest science available. This topic has been included in
a 2017 SysRev and meta-analysis.®® The BLS Task Force
CoSTR and its values and preferences can be found in
the 2017 CoSTR summary.>®

Lay Rescuer Chest Compression-Only
Versus Standard CPR (2017 CoSTR BLS
547: SysRev)

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults and children with OHCA
e Intervention: Lay rescuer compression-only CPR
e Comparator: Lay rescuer standard CPR
e Qutcome: The primary outcome was favorable
neurological outcomes, measured by cerebral

Circulation. 2020;142(suppl 1):541-591. DOI: 10.1161/CIR.0000000000000892

Adult Basic Life Support: 2020 CoSTR

performance or a modified Rankin scale. Secondary
outcomes were survival, ROSC, and quality of life.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eligi-
ble for inclusion. Study designs without a compar-
ator group (ie, case series, cross-sectional studies),
reviews, and pooled analyses were excluded.

e Time frame: Published studies in English were
searched on January 15, 2016.

e PROSPERO registration: CRD42016047811

Treatment Recommendations

We continue to recommend that bystanders perform
chest compressions for all patients in cardiac arrest
(good practice statement).

We suggest that bystanders who are trained, able,
and willing to give rescue breaths and chest compres-
sions do so for all adult patients in cardiac arrest (weak
recommendation, very-low-certainty evidence).>®

EMS Chest Compression—-Only Compared
With Conventional CPR (2017 CoSTR BLS
360: SysRev)

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

e Population: Adults and children with OHCA
treated by EMS

e Intervention: Compression-only CPR or minimally
interrupted CPR (protocol for resuscitation based
on commencing an initial 200 uninterrupted chest
compressions and passive oxygen insufflation).

e Comparator: Standard CPR

e Qutcome: The primary outcome was favorable
neurological outcomes, measured by cerebral per-
formance or a modified Rankin scale. Secondary
outcomes were survival, ROSC, and quality of life.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eligi-
ble for inclusion. Study designs without a compar-
ator group (ie, case series, cross-sectional studies),
reviews, and pooled analyses were excluded.

e Time frame: Published studies in English were
searched on January 15, 2016.

e PROSPERO registration: CRD42016047811

Treatment Recommendations
We recommend that EMS providers perform CPR with
30 compressions to 2 breaths (30:2 ratio) or continu-
ous chest compressions with positive pressure ventila-
tion delivered without pausing chest compressions until
a tracheal tube or supraglottic device has been placed
(strong recommendation, high-certainty evidence).

We suggest that, when EMS systems have adopted
minimally interrupted cardiac resuscitation, this strategy
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is a reasonable alternative to conventional CPR for wit-
nessed shockable OHCA (weak recommendation, very-
low-certainty evidence).>®

In-Hospital Chest Compression-Only CPR
Versus Conventional CPR (2017 CoSTR
BLS 372: SysRev)

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults and children with in-hospital
cardiac arrest (IHCA)
e Intervention: Compression-only CPR
e Comparator: Standard CPR
e Qutcome: The primary outcome was favorable
neurological outcomes, measured by cerebral per-
formance or a modified Rankin scale. Secondary
outcomes were survival, ROSC, and quality of life.
e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eligi-
ble for inclusion. Study designs without a compar-
ator group (ie, case series, cross-sectional studies),
reviews, and pooled analyses were excluded.
e Time frame: Published studies in English were
searched on January 15, 2016.
e PROSPERO registration: CRD42016047811

Treatment Recommendation

Whenever tracheal intubation or a supraglottic airway
is achieved during in-hospital CPR, we suggest that pro-
viders perform continuous compressions with positive
pressure ventilation delivered without pausing chest
compressions (weak recommendation, very-low-cer-
tainty evidence).>®

Rescuer Fatigue in Chest Compression—
Only CPR (BLS 349: ScopRev)

Rationale for Review

This topic was not a part of the 2017 SysRev® and
CoSTR summary on continuous compressions versus
standard CPR.>® It was prioritized by the BLS Task Force
for an updated evidence review, because this topic had
not been reviewed by ILCOR since 2005.

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

e Population: Rescuers performing CPR

e Intervention: Compression-only CPR

e Comparator: Standard CPR
Outcome: Rescuer fatigue, CPR quality parameters
(compression rate, compression depth, compres-
sion pauses, leaning or incomplete release, etc)
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e Study design: RCTs, interrupted time series, con-
trolled before-and-after studies, cohort studies,
and manikin studies were eligible for inclusion.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to October 29, 2019.

Summary of Evidence

This ScopRev is included in Supplement Appendix B-1.
Fifteen manikin studies evaluating fatigue at various
compression-to-ventilation ratios were identified. These
studies compared fatigue and its effects on CPR qual-
ity in volunteers performing continuous compressions
and 30:2 or 15:2 CPR.7>%¢ Evidence from these manikin
studies comparing fatigue and effects on CPR quality
suggest that continuous compressions are effective in
the first 2 minutes with regard to depth and frequen-
¢y, and there are indications that short periods of rest
(pauses in compression) reduce rescuer fatigue and in-
crease CPR quality.

Task Force Insights
Continuous compression strategies increasingly have
been advocated in an effort to increase overall bystand-
er CPR rates. Evidence reviews evaluating the effect of
continuous chest compressions versus standard CPR
on critical outcomes, such as long-term survival, have
been performed by the BLS Task Force in a separate
published CoSTR.>®

Although the BLS Task Force regards rescuer fatigue
as an important barrier to high-quality bystander CPR,
a higher value is placed on patient-centered outcomes.

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015.34

We suggest pausing chest compressions every 2
minutes to assess the cardiac rhythm (weak recommen-
dation, low-certainty evidence).

In making this recommendation, we placed a high
priority on consistency with previous recommendations
and the absence of contradictory evidence to prompt
a change. We placed value on simplifying resuscitation
logistics by coordinating rhythm and pulse checks with
standard recommendations for rotating the provider
performing chest compressions every 2 minutes.

CPR SEQUENCE
Firm Surface for CPR (BLS 370: SysRev)

Rationale for Review

This topic was prioritized for review by the BLS Task
Force because it had not been updated since 2010.'?
Members of the task force reported variation in back-
board use and the practice of moving a patient from
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Table 2. Firm Surface for CPR

Adult Basic Life Support: 2020 CoSTR

No. of
Group Certainty Studies Participants Results
Mattress type Low (serious Four manikin RCTs*&7-%0 33 No study identified a difference in chest compression depth
indirectnesss) between mattress types
Floor compared Low (serious Two manikin RCTs (meta-analyzed)&*! 64 No effect on chest compression depth: mean difference
with bed indirectness) 4.29 mm (95% Cl, -0.70 t0 9.27)
Two manikin RCTs*82:92 34 Neither study identified a difference in chest compression
depth between groups
Backboard use Low (serious Six manikin RCTs (meta-analyzed)®©%3-%7 221 Improved chest compression depth: mean difference
indirectness) 2.74 mm (95% Cl, 1.19 to 4.28)
One manikin RCT*?8 24 No difference in chest compression depth between groups

*Heterogeneity precluded meta-analysis

CPR indicates cardiopulmonary resuscitation; and RCT, randomized controlled trial.

the bed to the floor to improve the quality of CPR,
so it was considered timely to review the published
evidence.

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

e Population: Adults or children in cardiac arrest

(OHCA and IHCA) on a bed
¢ Intervention: CPR on a hard surface (eg, back-
board, floor, deflatable or specialist mattress)

e Comparator: CPR on a regular mattress
Outcome: Survival, survival with a favorable neuro-
logic outcome, ROSC, CPR quality
Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Randomized manikin/simulation/
cadaver studies were only included if insufficient
human studies were identified. Unpublished studies
(eg, conference abstracts, trial protocols), nonran-
domized manikin/simulation/cadaver studies, animal
studies, experimental/laboratory models, mathe-
matical models, narrative reviews, and editorials and
opinions with no primary data were excluded.
e Time frame: January 1, 2009, to September 16,

2019
e PROSPERO registration: CRD42019154791

Consensus on Science

The identified science has been grouped under the fol-
lowing subheadings: mattress type, floor compared
with bed, and backboard in Table 2.

Treatment Recommendations

We suggest performing manual chest compressions on
a firm surface when possible (weak recommendation,
very-low-certainty evidence).

During IHCA, we suggest that, when a bed has a CPR
mode that increases mattress stiffness, it should be activat-
ed (weak recommendation, very-low-certainty evidence).

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

Circulation. 2020;142(suppl 1):541-591. DOI: 10.1161/CIR.0000000000000892

The confidence in effect estimates is so low that
the task force was unable to make a recommendation
about the use of a backboard strategy.

Justification and Evidence-to-Decision
Framework Highlights

The evidence-to-decision table is included in Supple-
ment Appendix A-2.

The context for this question was that, when man-
ual chest compressions are performed on a mattress,
the compression force is dissipated through both chest
compression and compression of the mattress under
the patient. Manikin models indicate that the amount
of mattress compression ranges from 12% to 57% of
total compression depth, with softer mattresses com-
pressed the most.®:90991% This mattress compression
can lead to reduced spinal-sternal displacement and a
reduction in effective chest compression depth.

Effective compression depths can be achieved
even on a soft surface, providing the CPR provider
increases overall compression depth to compensate
for mattress compression.?07.101-1%5  CPR  feedback
devices that account for mattress compression (eg,
the use of dual accelerometers or increasing compres-
sion depth targets) can help CPR providers ensure ad-
equate compression depth when CPR is performed on a
mattressl95,99,101,103,105,106

In making these recommendations, the task force
highlights the importance of high-quality chest com-
pressions for optimizing outcomes from cardiac arrest.

The task force noted that there were no clinical stud-
ies reporting on the critical outcomes of survival and
favorable neurological outcome or important outcome
of chest compression quality.

The weak recommendations are based on extrapo-
lation from manikin studies, typically undertaken on a
mattress placed on a hospital bed, for which manual
CPR was performed by a trained healthcare profession-
al. The hospital beds involved in the studies typically
had rigid bases. The task force noted that, although this
configuration is common in hospitals in many devel-
oped countries, it may not be applicable to all hospitals
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or the out-of-hospital setting. The absence of studies
simulating out-of-hospital settings (where beds may be
softer) and in which the CPR provider may be a single
untrained rescuer led the task force to focus recom-
mendations on the in-hospital setting.

The task force supported performing manual chest
compressions on a firm surface when possible because
this reduces the risks of shallow compressions attribut-
able to performing CPR on a soft surface. On the other
hand, moving a patient onto a hard surface can be a
major barrier to CPR, and the importance of perform-
ing CPR on a firm surface needs to be weighed against
the likelihood of significant delay in providing CPR. In
the setting of DA-CPR, in particular, logistical aspects
of moving patients from bed to floor can impede if not
thwart the performance of CPR.

The task force considered that, when a mattress
with CPR function was available, activating a CPR func-
tion on a mattress, although unlikely to substantially
improve compression depth, posed a low risk of harm
to rescuers and patients, leading to a weak recommen-
dation of support.

In considering whether to transfer a patient from a
hospital bed to the floor to improve compression depth,
the task force considered that the risks of harm (eg, in-
terruption in CPR, risk of losing vascular access for intra-
venous drug delivery, and more confined space) to the
patient and resuscitation team outweighed any small im-
provement in chest compression depth, leading to a weak
recommendation against routine use of this practice.

The task force was unable to make a recommendation
for the use of a CPR backboard during IHCA. Within the
limitations of manikin studies, the available evidence indi-
cates a marginal benefit to chest compression depth from
use of a backboard. For example, placing a firm surface
(eg, a backboard) between the patient and a soft surface
may merely transfer the same force from CPR to the un-
derlying softness and not obviate potential concern over
chest compression depth. No studies specifically evalu-
ated backboard deployment or any impact this has on
interruptions to chest compressions and/or displacement
of tubes and catheters during insertion. For healthcare
systems that have already incorporated backboards into
routine use during IHCA, the evidence was considered
insufficient to suggest against their continued use. For
healthcare systems that have not introduced backboards,
the limited improvement in compression depth and un-
certainty about harms seemed insufficient to justify the
costs of purchasing backboards and training staff in their
use. When backboards are deployed, users should be
aware that mattress stiffness, backboard size (larger is
better), and orientation (longitudinal is better) influence
their effectiveness.'?’-1""

Knowledge Gaps
Current knowledge gaps include but are not limited to
the following:
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e Studies reporting clinical outcomes

¢ Studies examining the logistical aspects of back-
board deployment or moving a patient from a bed
to the floor

e Studies relevant to OHCA

e Studies in both high- and low-resource settings,
in which hospital bed or prehospital stretcher con-
figurations may vary

Starting CPR (C-A-B Compared With
A-B-C) (BLS 661: SysRev)

Although, internationally, most adult BLS guidelines
recommend commencing chest compressions before
rescue breaths, debate about this sequence continues.
In addition, there is variability in the sequences used for
pediatric resuscitation and for aquatic rescue, with dif-
ferent approaches in various jurisdictions.

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

¢ Population: Adults and children with OHCA

e Intervention: Commencing CPR beginning with
compressions first (30:2)

e Comparator: CPR beginning with ventilation first
(2:30)

e Qutcome: Survival with favorable neurological/
functional outcome at discharge, 30 days, 60
days, 180 days, and/or 1 year; survival only at dis-
charge, 30 days, 60 days, 180 days, and/or 1 year;
and ROSC

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion.

e Exclusion criteria: Unpublished studies (eg, con-
ference abstracts, trial protocols) and animal
studies were excluded. Studies of dispatcher- or
telephone-assisted CPR were excluded.

e Time frame: All languages were included as long
as there was an English abstract. The literature
search was updated in September 2019.

Consensus on Science

This current SysRev did not identify any additional
human or manikin studies published since the 2015
CoSTR SysRev.># The published evidence remains limit-
ed to 4 manikin studies: 1 randomized study''? focused
on adult resuscitation, 1 randomized study focused on
pediatric resuscitation,”® and 2 observational studies
focused on adult resuscitation.'*'> The results from
these studies are summarized in Table 3.

The overall certainty of evidence was rated as very
low for all outcomes primarily because of a very seri-
ous risk of bias and indirectness. The individual observa-
tional studies were all at a critical risk of bias because of
confounding, and the RCTs were all at critical risk of bias
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Table 3. Starting CPR

Adult Basic Life Support: 2020 CoSTR

Outcome Certainty Studies No. of Patients Results
Time to Very low 1 RCT (manikin): Lubrano 155 two-person teams | Statistically significant 24-s difference (P<0.05) in favor of
commencement of 201213 C-A-B
hest i
chest compressions 2 observational (manikin): 40 individual The observational studies found statistically significant
Kobayashi 2008,""# Sekiguchi | rescuers' and 33 six- | decreases of 20 s (P<0.001)'"® and 26 s (P<0.001)'"* in favor
2013 person teams''* of C-A-B.
Time to Very low 2 RCTs (manikin): Marsch 210 two-person teams | In a respiratory arrest scenario, there was a 4-second
commencement of 2013,"2 Lubrano 20123 difference (P<0.05) in favor of C-A-B''3; in a cardiac arrest
rescue breaths scenario, A-B-C decreased the time to commencement of
rescue breaths by 6 s (P<0.05), and C-A-B decreased time to
commencement of rescue breaths by 5 s (P<0.05).""?
Time to completion of Very low 1 RCT (manikin): Marsch 55 two-person teams | C-A-B decreased time to completion of first CPR cycle by
first CPR cycle (30 chest 20132 155 (P<0.001).
compressions and 2
rescue breaths)

A-B-C indicates airway-breathing-compression; C-A-B, compression-airway-breathing; CPR, cardiopulmonary resuscitation; and RCT, randomized controlled trial.

because of lack of blinding. Because of this and a high
degree of heterogeneity, no meta-analyses could be per-
formed. Individual studies are difficult to interpret.

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015.34

We suggest commencing CPR with compressions
rather than ventilation in adults with cardiac arrest
(weak recommendation, very-low-certainty evidence).

Justification and Evidence-to-Decision
Framework Highlights

The evidence-to-decision table is included in Supple-
ment Appendix A-3. No change was made to this adult
treatment recommendation. For all outcomes, starting
CPR with compressions resulted in faster times to key
elements of resuscitation (rescue breaths, chest com-
pressions, completion of first CPR cycle) across the 4
papers reviewed, with the exception of simulated pedi-
atric resuscitation, for which starting with compressions
delayed time to commencement of rescue breaths in
cardiac arrest by 6 seconds. This difference was statisti-
cally significant but reflects a delay that is not consid-
ered clinically significant.’® This delay in commencing
rescue breaths may be acceptable given the decreased
time to other elements of resuscitation; however, the
certainty of the evidence is very low, and all studies re-
viewed were manikin studies. There is no clinical evi-
dence to guide whether to initiate compressions before
ventilation in adult cardiac arrest. There should also be
consideration given to the impact of simplification of
training requirements by using a single approach com-
pared with separate approaches for adults and children.

Knowledge Gaps
e No human studies evaluating this question in any
setting were identified.
e Important uncertainties regarding timing and
delays in initiation of the CPR components (chest
compressions, opening airway, and rescue breaths)
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remain and may not be readily extrapolated from
manikin studies.

CPR Before Call for Help (BLS 1527: SysRev)

This question was suggested by the resuscitation com-
munity during the public commentary process. The
guestion of the optimal sequence for calling for help
and starting CPR frequently arises during CPR training
courses, and a SysRev of the literature to guide recom-
mendations was therefore prioritized by the BLS Task
Force. Searching for new science from the era of in-
creased availability of communication devices and
hands-free alternatives for lone rescuers was also con-
sidered important in this evidence review.

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

e Population: Adults and children with OHCA

¢ Intervention: CPR before call for help; immediate
CPR by a lone bystander performed for a short
time interval (ie, 1 minute) before alerting EMS
dispatch center with a mobile phone

e Comparator: An immediate call for help to the
EMS dispatch center by a lone bystander with a
mobile phone

e Qutcome: Survival with favorable neurological out-
come until and beyond hospital discharge or 30
days; survival until and beyond hospital discharge
or 30 days; ROSC

e Study design: We included RCTs, nonrandomized
studies, and case series with at least 5 cases. We
considered papers in all languages provided there
was an English language abstract available for
review. We excluded unpublished studies, con-
ference abstracts, manikin or simulation studies,
narrative reviews, editorials or opinions with no
primary data, animal studies and experimental/
laboratory models.

e Time frame: All years and all languages were
included as long as there was an English abstract;
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unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to October 2019.

Consensus on Science

For the critical outcome of survival with favorable neu-
rological outcome, we identified only a single obser-
vational study.® The overall certainty of evidence was
rated as very low because of a very serious risk of bias.
With the identification of only 1 study, no meta-analy-
ses were performed.

For the critical outcome of survival with favorable
neurological outcome, we identified very-low-certain-
ty evidence (downgraded for very serious risk of bias)
from 1 cohort study including 17 461 OHCA occurrenc-
es from Japan (2005-2012), which showed no benefit
from a “CPR-first” strategy (cohort of 5 446 OHCA pa-
tients) compared with a “call-first” strategy (cohort of
1 820 OHCA patients).™®

Adjusted analyses were performed on various sub-
groups and suggested significant improvements in
survival with a favorable neurological outcome with a
“CPR-first” strategy compared with a “call-first” strat-
egy for noncardiac etiology OHCA (adjusted odds ratio
[ACR], 2.01; 95% Cl, 1.39-2.98); under 65 years of
age (AOR, 1.38; 95% Cl, 1.09-1.76); under 20 years of
age (AOR, 3.74; 95% Cl, 1.46-9.61); and both under
65 years of age and noncardiac etiology together (AOR,
4.31;95% Cl, 2.38-8.48).""®

Treatment Recommendation

We recommend that a lone bystander with a mobile
phone should dial EMS, activate the speaker or other
hands-free option on the mobile phone, and immedi-
ately begin CPR with dispatcher assistance, if required
(strong recommendation, very-low-certainty evidence).

Justification and Evidence-to-Decision
Framework Highlights
The evidence-to-decision table is included in Supplement
Appendix A-4. This SysRev was based on a new PICOST
question suggested during public commenting and,
therefore, includes a new treatment recommendation.
The included paper analyzed only 17461 OHCA occur-
rences from 925 288 recorded in the Japan national reg-
istry in the period from 2005 to 2012. Analysis was lim-
ited to cases in which lay rescuers witnessed the OHCA
and spontaneously performed CPR (without the need for
dispatcher assistance), and the groups compared were
different with respect to age, gender, initial rhythm, by-
stander CPR characteristics, and EMS intervals. Although
some factors were adjusted for in subgroup analyses,
there is significant risk of confounding. Despite very-low-
certainty evidence, there was consensus among the BLS
Task Force to make a strong recommendation.

There were many exclusion criteria: unwitnessed,
prehospital involvement of physician or unknown,
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EMS-witnessed OHCA, bystander-witnessed cases with
missing data on time to intervention, no bystander CPR,
DA-CPR, no intervention in 0 to 1 minutes, no CPR at
all within 4 minutes, and etiology (cardiac or noncardiac)
unknown.

There were some benefits noted in subgroup analyses,
but these groups were not specified a priori. We cannot
expect a bystander to reliably determine whether a cardiac
arrest is of cardiac or noncardiac etiology. The results are
not generalizable to all OHCAs because they refer specifi-
cally to bystander-witnessed cases in which the bystander
spontaneously initiates CPR after only a short delay.

The timings of interventions were determined after
the event by EMS personnel who interviewed the by-
standers. These timings may be imprecise or inaccurate
in an undetermined number of cases.

The wide availability of mobile phones may reduce
the likelihood that a lone bystander would have to
leave a victim to phone EMS. Pragmatically, it is now
often possible to perform both actions simultaneously,
and the focus should be on empowering people to rec-
ognize OHCA and initiate both an EMS call and CPR as
soon as possible. In the absence of any evidence to the
contrary, this would apply to both witnessed and un-
witnessed OHCA, except in circumstances when there
are appropriate reasons not to start CPR. When more
than 1 bystander is at the scene, calling EMS and ini-
tiating CPR can be performed simultaneously. For the
single rescuer, a call-first strategy ensures that EMS
providers are dispatched as soon as possible, bringing
additional assets (including a defibrillator) that might
otherwise be delayed by a later call. Telecommunicator
prompting may promote the initiation of bystander CPR
that might not otherwise occur or may support better
quality CPR (eg, instructing the caller to press hard and
count aloud, helping to pace the compression rate).

In the situation when a lone rescuer would have to
leave a victim alone to dial EMS, the priority is prompt
activation of EMS before subsequently returning to the
victim to initiate CPR as soon as possible.

Knowledge Gaps

There is no evidence comparing an immediate call to EMS
for help with a call after 1 minute of CPR in the specific
circumstance of a lone bystander with a mobile phone.
There is also no evidence about how long it takes to call
EMS after a witnessed cardiac arrest. The delay between
a witnessed arrest and a call to EMS may be substantial.

Duration of CPR Cycles (2 Minutes Versus
Other) (BLS 346: SysRev)

Rationale for Review
The recommendations for CPR cycle duration have
changed with time, but these changes have never

Circulation. 2020;142(suppl 1):541-591. DOI: 10.1161/CIR.0000000000000892
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Table 4. 1-Minute CPR Duration Compared With 3-Minute Duration for Postshock VF/pVT

Outcome Certainty Studies

No. of
Patients

Results

Low (risk of bias, | RCT: Wik 20037 200

imprecision)

Hospital discharge with
favorable neurological
outcome

No difference:
Relative risk 1.68 (95% Cl, 0.85-3.32), 78 more patients/1000 (=17 to 266)

Survival to hospital Low (risk of bias, | RCT: Wik 20037 200 No difference:
discharge imprecision) Relative risk 1.52 (95% Cl, 0.83-2.77), 76 more patients/1000 (-25 to 258)
ROSC Low (risk of bias, | RCT: Wik 20037 200 No difference:

imprecision) Relative risk 1.22 (95% Cl, 0.92-1.50), 101 more patients/1000 (=37 to 229)

CPR indicates cardiopulmonary resuscitation; RCT, randomized controlled trial; ROSC, return of spontaneous circulation; pVT, pulseless ventricular tachycardia;

and VF, ventricular fibrillation.
Both relative and absolute risks are written as mean values (95% Cls).

been based on high-certainty evidence that any spe-
cific interval or CPR cycle duration was superior in
terms of patient survival. Because the topic has not
been reviewed since 2015,3>* when no direct evidence
was identified, the following PICOST question was pri-
oritized for evidence review.

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

¢ Population: Adults and children with cardiac arrest

e Intervention: Pausing chest compressions at
another interval

e Comparator: Pausing chest compressions every 2
minutes to assess the cardiac rhythm

e Qutcome: Survival to hospital discharge with good
neurological outcome and survival to hospital dis-
charge were ranked as critical outcomes. ROSC
was ranked as an important outcome.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to September 2019.

Consensus on Science

Data were derived from 2 RCTs""7"'8 for which the
principal focus was on the period of time allotted
for CPR before the first rhythm analysis. Assessment
of the duration (in minutes) of uninterrupted CPR

Table 5. 1-Minute CPR Duration Compared With 2-Minute CPR Duration

between subsequent rhythm checks and outcome
were not formally reported analyses in either study.
The published data in these 2 studies enabled an ad
hoc analysis by ILCOR evidence evaluation experts that
indirectly addressed this question. Outcomes were not
adjusted for possible confounders.

1-Minute CPR Duration Compared With 3-Minute
Duration for Postshock Ventricular Fibrillation (VF)/
Pulseless Ventricular Tachycardia (pVT)

In the 2003 study including 1-minute and 3-minute
durations of uninterrupted CPR between rhythm checks,”
the control group included patients who received immedi-
ate defibrillation (up to 3 stacked shocks) for VFAT fol-
lowed by 1 minute of CPR for patients in refractory VFAT
at the next rhythm check and 3 minutes of CPR for those
patients who exhibited nonshockable rhythms after 1 to
3 shocks. The intervention group included patients who
received 3 minutes of CPR before the first defibrillation at-
tempt (up to 3 stacked shocks) for VFA/T followed by CPR
for 3 minutes regardless of postshock rhythm. Of note,
none of the patients received 2-minute periods of CPR.
This RCT showed no benefit from the intervention com-
pared with the control CPR duration between rhythms
checks for all of the outcomes listed (Table 4).

1-Minute CPR Duration Compared With 2-Minute

CPR Duration

In the 1 study that included 1-minute and 2-minute
durations of uninterrupted CPR between rhythm
checks,'® the 2-minute group included patients who
were enrolled in the RCT after implementation of new
guidelines introducing single shocks, 30:2 CPR, and

Outcome Certainty Studies

No. of
Patients

Results

RCT: Baker 202
2008'®

Survival to hospital
discharge

Very low (serious risk of bias,
indirectness, imprecision)

No difference:
Relative risk 0.49 (95% Cl, 0.23-1.06), 92 fewer patients/1000 (=139 to 11)

RCT: Baker 202
20081

ROSC Very low (serious risk of bias,
indirectness, imprecision)

No difference:
Relative risk 0.95 (95% Cl, 0.73-1.24), 27 fewer patients/1000 (=144 to 128)

CPR indicates cardiopulmonary resuscitation; RCT, randomized controlled trial; and ROSC, return of spontaneous circulation.

Both relative and absolute risks are written as mean values (95% Cls).
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2-minute CPR cycles between rhythm checks. The
1-minute group included patients who were enrolled in
the RCT before implementation of new guidelines and
were therefore treated with stacked shocks (up to 3 in
refractory VF/VT), 15:2 CPR, and 1-minute CPR cycles
between rhythm checks. No clear benefit from either
the 1- or 2-minute duration between rhythm checks
was observed (Table 5).

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015.34

We suggest pausing chest compressions every 2
minutes to assess the cardiac rhythm (weak recommen-
dation, low-certainty evidence).

Justification and Evidence-to-Decision
Framework Highlights

The evidence-to-decision table is included in Supple-
ment Appendix A-5. No change was made to this
treatment recommendation. This topic was prioritized
for review by the BLS Task Force because it had not
been updated since the 2015 CoSTR. Although the
current review identified 2 older studies that included
comparisons of groups with different CPR durations
between rhythm checks, each had significant limi-
tations. Both studies were designed to address the
question of CPR first compared with defibrillation
first. As a result, the certainty of evidence derived
from these studies is low, and recommendations re-
garding optimal duration of CPR before a scheduled
rhythm analysis are seriously confounded.

In making the suggestion to pause chest compres-
sions every 2 minutes to assess cardiac rhythm, we
placed a high value on being consistent with previous
recommendations, and noting the only limited indirect
evidence identified in this review. The BLS Task Force ac-
knowledges that every change in guidelines comes with
a significant risk and cost as CPR educators and provid-
ers are asked to change current practice and implement
new treatment strategies for complex and high-stress
medical emergencies.

Knowledge Gaps

e Does the optimal CPR duration (ie, interval
between rhythm analyses) differ for patients with
different initial or postshock cardiac rhythms?

e Does the duration between collapse and EMS
arrival affect the optimal CPR duration/interval
between rhythm checks?

e Do different intervals between rhythm checks
interfere with the overriding goal of minimizing
interruptions in chest compressions?

¢ What is the relationship between rescuer fatigue,
chest compression quality, and the optimal CPR
duration/interval between rhythm checks?
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Check for Circulation During BLS
(BLS 348: EvUp)

An EvUp (see Supplement Appendix C-1) identified no
evidence to justify a SysRev or a change in the 2015
treatment recommendation.>4

Future reviews could focus on combination/alterna-
tive techniques used to confirm presence of circulation:
plethysmography, arterial pressure monitoring, end-tidal
carbon dioxide (ETCO,), near infrared spectroscopy, ul-
trasound, and more.

Treatment Recommendation

Outside of the ALS environment, where invasive moni-
toring is available, there are insufficient data about the
value of a pulse check while performing CPR. We there-
fore do not make a treatment recommendation regard-
ing the value of a pulse check.?*

COMPONENTS OF HIGH-QUALITY CPR

Hand Position During Compressions
(BLS 357: SysRev)

Rationale for Review

The recommendations for hand position during com-
pressions have changed with time, but these changes
have been based on only low- or very-low-certainty evi-
dence, with no data demonstrating that a specific hand
position was optimal in terms of patient survival. The
topic has not been reviewed since 2015,>* when no
direct evidence was identified, so the following PICOST
guestion was prioritized for evidence review.

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

¢ Population: Adults and children with cardiac arrest

e Intervention: Delivery of chest compressions on
the lower half of the sternum

e Comparator: Any other
compressions

e Qutcome: Any clinical outcome. Survival to hospi-
tal discharge with good neurological outcome and
survival to hospital discharge were ranked as criti-
cal outcomes. ROSC was ranked as an important
outcome. Physiological outcomes, such as blood
pressure, coronary perfusion pressure, or ETCO,,
also were considered important.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, con-
ference abstracts, trial protocols) were excluded.

¢ Time frame: SysRev search strategy: All years and
all languages were included as long as there was
an English abstract.

location for chest

Circulation. 2020;142(suppl 1):541-591. DOI: 10.1161/CIR.0000000000000892
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Consensus on Science

There were no studies reporting the critical outcomes
of favorable neurological outcome, survival, or the im-
portant outcome of ROSC. For the important outcome
of physiological end points, we identified 3 very-low-
certainty studies (downgraded for bias, indirectness,
and imprecision)."-'2" One crossover study in 17 adults
with prolonged resuscitation from nontraumatic car-
diac arrest observed improved peak arterial pressure
during compression systole (114+51 mmHg compared
with 95+42 mmHg) and ETCO, (11.0£6.7 mmHg com-
pared with 9.6+6.9 mmHg) when compressions were
performed over the lower third of the sternum com-
pared with the center of the chest, but arterial pres-
sure during compression recoil, peak right atrial pres-
sure, and coronary perfusion pressure did not differ.'?
A second crossover study in 30 adults with cardiac ar-
rest observed no difference in ETCO, values resulting
from changes in hand placement.’" A third crossover
study in 10 children observed higher peak systolic pres-
sure and higher mean arterial pressure when compres-
sions were performed on the lower third of the sternum
compared with the middle of the sternum."?

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015.34

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

Justification and Evidence-to-Decision
Framework Highlights

The evidence-to-decision table is included in Supple-
ment Appendix A-6. In making this recommendation,
we placed high value on consistency with current treat-
ment recommendations in the absence of compelling
clinical data suggesting the need to change the recom-
mended hand placement for performing chest com-
pressions.

Knowledge Gaps

¢ We did not identify any studies that evaluated the
effect of any specific hand position on short- or
long-term survival after cardiac arrest; only physi-
ological surrogate outcomes have been reported.

¢ Imaging studies suggest that there might be impor-
tant differences in anatomy depending on age,
gender, body mass index, presence or absence of
chronic heart conditions, and more.

¢ Important gaps remain in evaluating how to identify
optimal hand placement and/or compression point
when using physiological feedback during CPR.

Circulation. 2020;142(suppl 1):541-591. DOI: 10.1161/CIR.0000000000000892
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Chest Compression Rate, Chest
Compression Depth, and Chest Wall Recoil
(BLS 366, BLS 367, BLS 343: ScopRev)

Rationale for Review

The BLS Task Force requested a ScopRev related to chest
compression rate, chest compression depth, and chest
wall recoil to identify any recent published evidence that
provided more information on these chest compression
components as discrete entities and to assess whether
studies have reported interactions among these chest
compression components. Therefore, a ScopRev was
undertaken to understand whether the science to date
has focused on single chest compression components
or interactions among chest compression components
and identify the evidence related to the chest com-
pression components to determine whether the body
of evidence published since the 2015 CoSTR for BLS*#
indicates the need for a full SysRev of the evidence re-
lated to chest compression components.'?

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

e Population: Adults and children with cardiac arrest

e Intervention/Comparator: (1) =2 chest compres-
sion depths measured in millimeters, centimeters,
or inches or (2) =2 chest compression rates mea-
sured in compressions per minute or (3) =2 mea-
sures of chest wall recoil or (4) =2 measures of
leaning or leaning compared with no leaning

e Qutcome: Survival to hospital discharge with good
neurological outcome and survival to hospital dis-
charge were ranked as critical outcomes. ROSC or
survival to a defined time point and physiological
measures (eg, blood pressure and ETCO,) were
ranked as important outcomes.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to June 2019.

Summary of Evidence

In addition to the 14 studies identified in the 2015 CoSTR
for BLS,*# an additional 8 studies'?>-'?°* were identified,
so a total of 22 studies were included in this ScopRey,
which has been published in full.?> Five observational
studies examined both chest compression rate and
chest compression depth.!27:128129130131 Qne RCT,™?* 1
crossover trial,’3 and 6 observational studies'?>129.133-136
examined chest compression rate only. One RCT'™” and
6 observational studies examined chest compression
depth only,”138-142 and 2 observational studies examined
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chest wall recoil.”>'26 No studies were identified that
examined different measures of leaning. This
ScopRev (see Supplement Appendix B-2) does high-
light significant gaps in the research evidence
related to chest compression components, namely
a lack of high-level evidence, a paucity of studies of
IHCA, and a failure to account for the possibility of in-
teractions between chest compression components.

Task Force Insights
In the evidence identified in this ScopRev, most stud-
ies focused on a single chest compression component,
whereas several studies suggested the presence of con-
founding interactions that prompt caution when evalu-
ating any chest compression component in isolation.
Most studies identified in this review focused on OHCA,
highlighting a major gap in research involving IHCA.
This ScopRev did not identify sufficient new evidence
that would justify conducting new SysRevs or reconsid-
eration of current resuscitation guidelines.

Treatment Recommendation
These treatment recommendations (below) are un-
changed from 2015.34

We recommend a manual chest compression rate
of 100 to 120/min (strong recommendation, very-low-
certainty evidence).

We recommend a chest compression depth of ap-
proximately 5 cm (2 in) (strong recommendation, low-
certainty evidence) while avoiding excessive chest com-
pression depths (greater than 6 cm [greater than 2.4 in]
in an average adult) during manual CPR (weak recom-
mendation, low-certainty evidence).

We suggest that rescuers performing manual CPR
avoid leaning on the chest between compressions to al-
low full chest wall recoil (weak recommendation, very-
low-certainty evidence).

Compression-to-Ventilation Ratio
(2017 CoSTR BLS 362: SysRev)

Rationale for Review

The first ILCOR review to be performed after the 2015
CoSTR was a large SysRev®® of compression strategies
across different settings and populations. One of these
comparisons addressed the optimal compression-to-
ventilation ratio. Task force values and preferences can
be found in the 2017 CoSTR summary.>®

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults and children with OHCA
e Intervention: Any compression-to-ventilation ratio
other than 30:2
e Comparator: Compression-to-ventilation ratio of
30:2
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e Qutcome: The primary outcome was favor-
able neurological outcomes, measured by cere-
bral performance or a modified Rankin scale.
Secondary outcomes were survival, ROSC, and
quality of life.

e Study design: RCTs and nonrandomized studies
(non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were
eligible for inclusion. Study designs without a
comparator group (ie, case series, cross-sectional
studies), reviews, and pooled analyses were
excluded.

e Time frame: Published studies in English were
searched on January 15, 2016.

e PROSPERO registration: CRD42016047811

Treatment Recommendation

We suggest a compression-to-ventilation ratio of 30:2
compared with any other ratio in patients with cardiac ar-
rest (weak recommendation, very-low-quality evidence).>®

Timing of Rhythm Check (BLS 345: SysRev)

Rationale for Review

Adverse outcomes after cardiac arrest have been asso-
ciated with frequent or prolonged interruptions in chest
compressions. Because rhythm checks during resuscita-
tion are frequent causes of pauses in compressions, this
SysRev was undertaken to assess the evidence available
to identify the optimal timing for rhythm checks.

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

e Population: Adults with presumed cardiac arrest in
in-hospital or out-of-hospital settings receiving a
defibrillation attempt during CPR

e Intervention: Checking the cardiac rhythm imme-
diately after defibrillation

e Comparator: Immediate resumption of chest com-
pressions with delayed check of the cardiac rhythm

e Qutcome: Critical—survival with good neurologi-
cal function (ie, at hospital discharge, 1 month,
6 months, 1 year), survival (ie, hospital discharge,
1 month, 6 months, 1 year); important—short-
term survival (ROSC, hospital admission), rates of
recurrence of fibrillation/refibrillation, CPR quality
parameters (ie, compression fraction).

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were
eligible for inclusion. Animal/laboratory stud-
ies, mathematical models, simulation and mani-
kin studies, algorithm studies for rhythm analysis
recognition with no outcome data, unpublished
studies (eg, conference abstracts, trial protocols),
and reviews were excluded.
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Table 6. Timing of Rhythm Check

Adult Basic Life Support: 2020 CoSTR

No. of

Outcome Certainty Studies Patients Results
Hospital Low (risk of bias, 1 RCT™ 415 No difference:
discharge indirectness) 3 observational'#-148 763 Relative risk 0.90 (95% Cl, 0.70-1.15), 40 fewer patients/1000 (=119 to 60)
with favorable | Very low (risk of bias, Lower survival in immediate rhythm check:
neurological indirectness, imprecision) Relative risk 0.62 (95% Cl, 0.51-0.75), 174 fewer patients/1000
outcome (=224 t0 -13)
Survival to Low (serious risk of bias, 2 RCTs™3145 1260 | No difference:
hospital indirectness) 3 observational™¢'48 | 3094 | Relative risk 0.89 (95% Cl, 0.72-1.10), 24 fewer patients/1000 (-63 to 23)
discharge Very low (serious risk of bias, Lower survival in immediate rhythm check:

indirectness) Relative risk 0.55 (95% Cl, 0.45-0.67), 76 fewer patients/1000

(-93 to -56)

Survival to Low (serious risk of bias, 2 RCTs43.145 1260 | No difference:
hospital indirectness) Relative risk 1.02 (95% Cl, 0.91-1.14), 9 more patients/1000 (43 to 69)
admission
ROSC Very low (serious risk of bias, | 2 observational”™# | 2969 | Lower survival in immediate rhythm check:

indirectness) Relative risk 0.69 (95% Cl, 0.61-0.78), 111 fewer patients/1000 (-139 to —80)
VF recurrence | Very low (serious risk of bias, |2 RCTs'#44> 551 No difference:

indirectness, imprecision) Relative risk 1.08 (95% Cl, 0.95-1.22), 47 more patients/1000 (=13 to 5)

RCT indicates randomized controlled trial; ROSC, return of spontaneous circulation; and VF, ventricular fibrillation.

Both relative and absolute risks are written as mean values (95% Cls).

e Time frame: All years and all languages were
included provided there was an English abstract.
The literature search was updated to November 2,
2019.

Consensus on Science

Three RCTs'371% and 3 observational studies''# were
identified comparing immediate rhythm checks to im-
mediate resumption of chest compressions. Outcomes
assessed varied from hospital discharge with favorable
neurological outcome to recurrence of VF. The meta-
analysis of the RCTs did not demonstrate any differenc-
es between immediate rhythm analysis and immediate
compressions, but unadjusted analysis of observational
data suggested that immediate compressions were as-
sociated with better outcomes (Table 6).

Treatment Recommendation

We suggest immediate resumption of chest compres-
sions after shock delivery for adults in cardiac arrest in
any setting (weak recommendation, very-low-certainty
evidence).

Justification and Evidence-to-Decision
Framework Highlights

The evidence-to-decision table is included in Supple-
ment Appendix A-7. No change was made to this treat-
ment recommendation. Although there is only very-
low-certainty evidence addressing this question, worse
short- and long-term outcomes have been reported
with immediate rhythm checks after shock delivery. The
effect of an immediate rhythm check on the incidence
of VF recurrence is unclear. An observational study ex-
ploring this specific issue did not find that VF recurrence
within 30 seconds of defibrillation (ie, successful shock)

Circulation. 2020;142(suppl 1):541-591. DOI: 10.1161/CIR.0000000000000892

was linked to the timing of resumption of chest com-
pressions,’ and this may not be a major factor affect-
ing outcomes. Protocols including immediate cardiac
rhythm check after shock delivery are reported to have
reduced chest compression fractions; these increased
pauses could be a potential cause of worse outcomes.

Knowledge Gaps

e There were no studies that evaluated this question
in the pediatric/in-hospital setting.

e No RCTs compared the specific intervention with
standard care in any patient population, although
1 RCT assessed a CPR protocol characterized by
different timing of rhythm checks, different com-
pression-to-ventilation ratios, different duration of
uninterrupted CPR between shocks, and different
ventilation strategies.

e Currently available studies comparing different
CPR protocols are characterized not only by differ-
ent timing of rhythm checks but also by compres-
sion-to-ventilation ratios, compression intervals
between shocks, and ventilation strategies that
differ from standard care. More data are needed
comparing groups receiving standard care with dif-
ferences between control and intervention groups
in only the timing of rhythm checks.

Feedback for CPR Quality (BLS 361: SysRev)

Rationale for Review

CPR feedback or prompt devices are intended to im-
prove CPR quality, probability of ROSC, and survival
from cardiac arrest. Feedback devices involve tech-
nology that can measure various aspects of CPR me-
chanics, including ventilation rate, chest compression
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mechanics (eg, depth, rate, recoil), and measures of
flow time (CPR fraction, pre- and postshock pauses).
These data can be presented to the provider in real
time and/or provided in a summary report at the end
of a resuscitation. Real-time displays can involve voice
prompts, visual dials, numeric displays, wave forms,
verbal prompts, and visual alarms. Visual displays en-
able the rescuer to see compression-to-compression
quality parameters, including compression depth and
rate in real time. Audio prompts may guide CPR rate
(eg, metronome) and may offer verbal prompts to
rescuers (eg, “push harder,” “good compressions”).
Prompt devices that do not include the measurement
and feedback of CPR quality metrics can include au-
dible or visual metronomes set at the recommended
rate for compressions or ventilation.

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

e Population: Adults and children with cardiac arrest

e Intervention: Real-time feedback and prompt
devices regarding the mechanics of CPR qual-
ity (eg, rate and depth of compressions and/or
ventilations)

e Comparator: No feedback

e Qutcome: Survival to hospital discharge with good
neurological outcome and survival to hospital dis-
charge were ranked as critical outcomes. ROSC,
bystander CPR rates, time to first compressions,
time to first shock, and CPR quality were ranked as
important outcomes.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were
eligible for inclusion. Studies involving manikins
only or the use of CPR quality data for delayed
feedback (eg, debriefing or quality assurance pro-
grams) were excluded from this review.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to September 2019.

Consensus on Science

Three discrete forms of real-time CPR guidance de-
vices were identified: (1) digital audiovisual feedback,
including corrective audio prompts; (2) analogue au-
dio and tactile “clicker” feedback for chest compres-
sion depth and release; and (3) metronome guidance
for chest compression rate. The analogue "“click-
er” device, designed to be placed on the patient’s
chest under the hands of a CPR provider, involves a
mechanism that produces a “click” noise and sen-
sation when sufficient pressure is applied. Because
there was considerable clinical heterogeneity across
studies with respect to the type of devices used, the
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mechanism of CPR quality measurement, the mode
of feedback, patient types, locations (eg, in-hospital
and out-of-hospital), and baseline (control group)
CPR quality, we did not conduct any meta-analyses
(Tables 7, 8, and 9).

Treatment Recommendations

We suggest the use of real-time audiovisual feedback
and prompt devices during CPR in clinical practice as
part of a comprehensive quality improvement program
for cardiac arrest designed to ensure high-quality CPR
delivery and resuscitation care across resuscitation sys-
tems (weak recommendation, very-low-certainty evi-
dence).

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

Justification and Evidence-to-Decision
Framework Highlights
The evidence-to-decision table is included in Supple-
ment Appendix A-8. There was significant debate
among task force members on whether to recom-
mend for or against the use of these devices for re-
al-time feedback on the basis of available data. On
one side of the debate, the task force acknowledged
that the bulk of higher-certainty data from key stud-
ies did not demonstrate a clinically or statistically sig-
nificant association between real-time feedback and
improved patient outcomes and that these devices
require additional resources to purchase and imple-
ment. On the other side of the debate, we acknowl-
edged several studies that demonstrated clinically im-
portant improvements in outcomes associated with
the use of feedback devices. Most notable was the
study by Goharani et al,"™ newly added to the evi-
dence base considered in 2020, which was an RCT of
900 IHCA patients from Iran. This study demonstrat-
ed a +25.6% absolute increase in survival to hospital
discharge with the use of an analogue “clicker” de-
vice that provided real-time feedback on compression
depth and recoil (54% versus 28.4%; P<0.001). Task
force members did interpret this study to be support-
ive of the use of feedback devices; however, they also
felt that this study represented an outlier. Members
felt that replication of this result would be necessary
before the task force could make any supportive rec-
ommendation for the specific type of device used in
the study by Goharani et al.’™®

The task force also considered data from several
observational studies demonstrating improvements
in favorable neurological outcome that were not
statistically significant. In addition, the task force
considered statistically significant improvements in
various aspects of CPR quality, including CPR rate

Circulation. 2020;142(suppl 1):541-591. DOI: 10.1161/CIR.0000000000000892
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Table 7. Real-Time Digital Audiovisual Feedback
No. of
Outcome Studies Patients Results
Survival with 1 cluster RCT,™®° 1586 No difference:
favorable low-certainty evidence (downgraded for Relative risk 1.02; 95% Cl, 0.76-1.36; P=0.9
neurological very serious risk of bias) Absolute risk 0.19% (95% Cl, —3.18% t0 2.82%), or 2 more patients/1000 survived
outcome 4 observational,>1-14 with the intervention (95% Cl, 24 fewer patients/1000 to 36 more patients/1000
very-low-certainty evidence (downgraded survived with the intervention)
for very serious risk of bias) Better outcome with feedback:
Adjusted odds ratio 2.69 (95% Cl, 1.04-6.94)'>
1100 No difference:
Adjusted relative risk 5.75%; 95% Cl, —18.51% to 3.85%"'>?
Adjusted odds ratio 0.92; 95% Cl, 0.37-2.30""
2/16 versus 0/16; P=0.14">*
Survival to 1 cluster RCT,™° 1586 | No difference:
hospital low-certainty evidence (downgraded for Relative risk: 0.91 (95% Cl, 0.69-1.19); P=0.5
discharge very serious risk of bias) Absolute risk: =1.16% (95% Cl, —4.37% to 2.02%), or 9 fewer patients/1000
6 observational: 5 in adults''"151-153.155 survived with the intervention (95% Cl, 31 fewer patients/1000 to 19 more
and 1 in children, s patients/1000 survived with the intervention)
very-low-certainty evidence (downgraded 1592 No difference:
for very serious risk of bias) Adjusted odds ratio 0.90; 95% Cl, 0.39-2.06; P=0.80),*'
Adjusted relative risk =0.91; 95% Cl, =11.18 to 12.33),"
Adjusted relative risk 5.23; 95% Cl, —0.49 to 10.89),">
Adjusted relative risk =0.18; 95% Cl, —11.46 to 8.64),'>°
Adjusted relative risk 1.37; 95% Cl, —2.47 t0 6.91),"'
8 children (ages 1-7 y) with IHCA (1/4 versus 1/4)'%®
Survival to 30 1 observational,’’ 196 No difference:
days very-low-certainty evidence (downgraded Adjusted relative risk —0.84; 95% Cl, -13.88 to 14.82; P=0.9'""
for serious risk of bias)
Survival to 24 h | 1 cluster RCT, ™ 1586 No difference:
low-certainty evidence (downgraded for Relative risk 0.96 (95% Cl, 0.82-1.13; P=0.6); ARR, —=1.09% (95% Cl, —=3.35% to
very serious risk of bias) 5.50%), or 4 fewer patients/1000 survived with the intervention (95% Cl,
2 observational,*'* very-low-certainty 18 fewer patients/1000 to 13 more patients/1000 survived with the intervention)
evidence (downgraded for very serious 219 No difference:
risk of bias) 2/16 versus 0/16'%*
Adjusted relative risk 13.13; 95% Cl, —0.66 to 28.02">?
ROSC 1 cluster RCT,"*® 1586 No difference:
low-certainty evidence (downgraded for Relative risk 1.01 (95% Cl, 0.91-1.13; P=0.9); Adjusted relative risk—0.45%
very serious risk of bias) (95% Cl, =5.33% t0 4.43%), or 1 more patient/1000 survived with the
8 observational'®2'4: 7 in intervention (95% Cl, 9 fewer patients/1000 to 13 more patients/1000 survived
adults’3.151=155158 gand 1 in children,'® with the intervention)
very-low-certainty evidence (downgraded 2263 No benefit
for very serious risk of bias) 9/16 versus 10/16'>*
Adjusted odds ratio 0.62; 95% Cl, 0.31-1.22; P=0.17),"
Adjusted relative risk =3.17; 95% Cl, —10.73 to 4.35),'>
Adjusted relative risk —4.39; 95% Cl, —=3.35 to 12.06)"®
Adjusted relative risk 4.55; 95% Cl, —=11.59 to 19.90)'*
Adjusted relative risk 5.65; 95% Cl, —2.89 to 15.09"'
Adjusted relative risk 1.11; 95% Cl, —=15.56 to 13.69; P=0.9,3!.151-155.158
8 children (ages 1-7 y): 3/4 versus 1/4'%
Better outcome with feedback:
Adjusted relative risk 17.55; 95% Cl, 1.79-32.46)">?
Chest 1 cluster RCT,™® 1586 Better CPR quality with feedback:
compression moderate-certainty evidence Difference of —=4.7/min (95% Cl, —6.4 to —=3.0/min) when feedback was used
rate 6 observational: 5 in adults'3"151.153-155 1441 No difference:
and 1 in children,'® One observational study'
very-low-certainty evidence (downgraded Better CPR quality with feedback:
for very serious risk of bias) 4 observational studies'" 115315 showed lower compression rates in the group with
CPR feedback
The pediatric study'® found a median difference of —10/min with feedback.
Compression 1 cluster RCT,™° 1586 | Better CPR quality with feedback:
depth very-low-certainty evidence (downgraded Significant +1.6 mm (95% Cl, 0.5-2.7 mm) (cluster-adjusted) difference in chest
for very serious risk of bias) compression depth with feedback.
6 observational: 5 in adults'3"151.153-155 Better CPR quality with feedback:
and 1 in children, s Three observational studies'"'*3"* showed deeper chest compressions in the groups
very-low-certainty evidence (downgraded with CPR feedback!3"153.154
for very serious risk of bias) 1441 No difference:

One observational study'®;
the pediatric study'® found no difference in median compression depth.
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Table 7. Continued
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No. of
Outcome Studies Patients Results
Chest 1 cluster RCT,*° 1586 Better CPR quality with feedback:

compression moderate-certainty evidence

Difference of +2% (66% compared with 64%; P=0.016)

fraction 6 observational: 5 in adults'3!151.153-155 Better CPR quality with feedback:
and 1 in children,'®
very-low-certainty evidence (downgraded 2 studies reported statistically significant increases in CPR fraction associated
for very serious risk of bias) with feedback's"1%
1441 No difference:
3 studies did not observe a statistically or clinically important difference.’3"153154
The sample size of the pediatric study'*® was too small to enable inferential
statistical analysis.
Ventilation rate | 1 cluster RCT,"*° 1586 No difference
moderate-certainty evidence
3 observational,3153.155 1001 No difference

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

ARR indicates adjusted relative risk; CPR, cardiopulmonary resuscitation; RCT, randomized controlled trial; and ROSC, return of spontaneous circulation.

and CPR fraction, associated with the use of feed-
back devices.

The task force also felt that a permissive recommen-
dation was appropriate because of the role that these
devices play in CPR quality monitoring, benchmarking,
and quality improvement programs by collecting data
across patients treated by a system. These roles were
not included in the scope of this PICOST, however,
the task force was concerned that a recommendation
against the use of these devices for real-time feedback
would discourage use for other important activities.

We also agreed that there was no consistent signal
from the data reviewed indicating that the real-time
feedback function of these devices has a significant ef-
fect on individual cardiac arrest patient outcomes, sug-
gesting that the devices should not be implemented for
this reason alone outside of a comprehensive quality
assurance program.

Knowledge Gaps
Current knowledge gaps include but are not limited to
the following:

The task force also recognized that implementing and * What is the effect of feedback devices on patient
maintaining high-quality CPR in hospital and EMS sys- outcomes when used by lay people with AEDs?
tems would be difficult without the use of these devices * Is there an interaction between the effect of real-
to provide an objective method of CPR quality measure- time feedback devices and the skill set of the pro-
ment in those systems. vider (eg, in low-performing services with baseline
In summary, the task force agreed that CPR feedback CPR metrics) that are below recommended values?
devices that measure aspects of CPR quality were rea- * What are the most effective parameters to feed-
sonable to consider for healthcare systems, given the back to users (ie, measures of brain or other tis-
importance of high-quality CPR. Without any signal of sue perfusion, electrocardiographic characteristics,
patient harm in the data reviewed, we agreed that a other physiological measurements)?
weak recommendation in favor of their use in this man- e What are the most effective modalities for feed-
ner was appropriate. back to be provided to users?

Table 8. Analogue Audio and Tactile “Clicker” Feedback

No. of
Outcome Studies Patients Results
Survival to 1 RCT,™® 900 Better outcome with feedback:
hospital very-low-certainty evidence Relative risk 1.90 (95% Cl, 1.60-2.25; P<0.001);
discharge (downgraded for serious risk Adjusted relative risk 25.56% (95% Cl, 19.22%-31.60%), or 91 more patients/1000 survived
of bias) with the intervention (95% Cl, 61 more patients/1000 to 126 more patients/1000 survived with
the intervention)
ROSC 2 RCTs, 152160 980 Better outcome with feedback:

very-low-certainty evidence Relative risk 1.57 (95% Cl, 1.38-1.78; P<0.001);

(downgraded for serious risk Adjusted relative risk 24.22% (95% Cl, 17.79%-30.36%), or 58 more patients/1000 survived
of bias) with the intervention (95% Cl, 38 more patients/1000 to 79 more patients/1000)'>°

Relative risk 2.07 (95% Cl, 1.20-3.29; P<0.001);

Adjusted relative risk 37.50% (95% Cl, 15.70%-54.68%), or 108 more patients/1000 survived
with the intervention (95% CI, 20 more patients/1000 to 232 more patients/1000)'®°

RCT indicates randomized controlled trial; and ROSC, return of spontaneous circulation.
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Table 9. Metronome Rate Guidance

Adult Basic Life Support: 2020 CoSTR

No. of
Outcome Studies Patients Results
Survival to | 1 observational,' very-low-certainty evidence (downgraded for 196 No difference:
30 days serious risk of bias) Relative risk 1.66; 95% Cl, =17.71 to 14.86; P=0.8"%"
Survival to | 1 observational,'®’ 30 No difference:
7 days very-low-certainty evidence (downgraded for serious risk of bias) 3/17 versus 2/13; P=ns'®
ROSC 2 observational, 716! 226 No difference:
very-low-certainty evidence (downgraded for serious risk of bias) Adjusted relative risk 4.97; 95% Cl, —=21.11 to 11.76; P=0.6">’
7/13 versus 8/17; P=ns'®'

ROSC indicates return of spontaneous circulation.

ALTERNATIVE TECHNIQUES

Alternative Techniques (Cough CPR,
Precordial Thump, Fist Pacing) (BLS 374:
SysRev)

Rationale for Review

Reports of “cough CPR” circulate on social media, and
this technique may be perceived by the public as an
effective way of preventing cardiac arrest. Precordial
thumping and fist pacing are techniques previously rec-
ommended to healthcare professionals. In this review,
we update the available evidence for these alternative
techniques.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
¢ Population: Adults and children with cardiac arrest
e Intervention: Cough CPR; precordial thump; fist
pacing
e Comparator: Standard CPR
e Qutcome: Survival with favorable neurological out-
come until and beyond hospital discharge or 30
days; survival until and beyond hospital discharge
or 30 days; ROSC
e Study design: We included RCTs, nonrandomized
studies, and case series with at least 5 cases. We
considered papers in all languages provided there
was an English language abstract available for
review. We excluded unpublished studies, con-
ference abstracts, manikin or simulation studies,
narrative reviews, editorials or opinions with no

primary data, animal studies, and experimental/
laboratory models.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to October 2019.

e PROSPERO registration: CRD42019152925

Consensus on Science

Cough CPR

For the critical outcome of survival to hospital dis-
charge'® and important outcome of restoration of car-
diac output/circulation (at or shortly after the onset of
a potentially nonperfusing rhythm in which the patient
has not yet lost consciousness or cardiac output),616>
we identified only 4 observational studies. All studies
were in adult patients only. The overall certainty of evi-
dence was rated as very low for all outcomes as a result
of very serious risk of bias. For this reason and because
of a high degree of heterogeneity across studies, no
meta-analyses could be performed, and individual stud-
ies were difficult to interpret. Additional information
may be found in Table 10.

Precordial Thump

For the critical outcomes of survival to hospital dis-
charge, we identified 5 observational studies.!62166-169
Two of these studies, both out-of-hospital, directly
compared precordial thump with standard CPR.166:167
For the important outcome of ROSC, we identified 1
observational study.”® For the important outcome of
restoration of cardiac output/circulation, we identified
10 observational studies.”'-"8 All studies were in adult

Table 10. Observational Studies of Cough CPR for Conscious Patients With No Comparator Group

Outcome Certainty Studies

No. of Patients Results

Survival to hospital Caldwell 19852

discharge

Very low (very
serious risk of bias)

6 (in-hospital \VT)

6/6 (100%), selective reporting of cases
achieving outcome

Marozsan 1990,
Nieman 1980164165,
Petelenz 1998

ROSC Very low (very
serious risk of bias)

20 (in-hospital, 2 studies): n=6 VF,
n=13 asystole, n=1 bradycardia;
66 (out-of-hospital, 1 study):
rhythms unknown

In-hospital: 18/20 (90%), selective reporting of
cases achieving outcome in 1 study (n=7)"¢%;
out-of-hospital:

66/66 (100%), selective reporting of cases
achieving outcome'®?

CPR indicates cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; VF, ventricular fibrillation; and VT, ventricular tachycardia.
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patients only. The overall certainty of evidence was rat-
ed as very low for all outcomes primarily because of very
serious risk of bias. Because of this and a high degree
of heterogeneity across the studies, no meta-analyses
could be performed, and individual studies were dif-
ficult to interpret. Additional information may be found
in Tables 11 and 12.

Fist Pacing

For the critical outcome of survival to hospital dis-
charge,'®'82 the important outcome of ROSC,'® and
the important outcome of restoration of cardiac out-
put/circulation,'® we identified only 4 observational
studies. One study included children (age range,
11-84 years).'® The overall certainty of evidence was
rated as very low for all outcomes, mainly because of
very serious risk of bias. Because of this and a high
degree of heterogeneity, no meta-analyses could be
performed, and individual studies were difficult to
interpret. Additional information may be found in
Table 13.

Treatment Recommendations

We recommend against the routine use of cough CPR
for cardiac arrest (strong recommendation, very-low-
certainty evidence).

We suggest that cough CPR may be considered only
as a temporizing measure in the exceptional circum-
stance of a witnessed, monitored IHCA (eg, in a cardiac
catheterization laboratory) if a nonperfusing rhythm
is recognized promptly before loss of consciousness
(weak recommendation, very-low-certainty evidence).

We recommend against the use of a precordial
thump for cardiac arrest (strong 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 considered only
as a temporizing measure in the exceptional circum-
stance of a witnessed, monitored, IHCA (eg, in a car-
diac catheterization laboratory) due to bradyasystole
if such a nonperfusing rhythm is recognized promptly
before loss of consciousness (weak recommendation,
very-low-certainty evidence).

Justification and Evidence-to-Decision
Framework Highlights

The evidence-to-decision table is included in Supplement
Appendix A-9. This topic was last reviewed in the 2070

Adult Basic Life Support: 2020 CoSTR

International Consensus on CPR and ECC Science With
Treatment Recommendations."? Although treatment
recommendations remain essentially unchanged, the
BLS Task Force has tried to update the recommendations
with the intention of clarifying the special circumstances
when these alternative techniques might be appropriate.

The very-low-quality evidence identified precludes
meaningful meta-analysis. Two studies (both on precor-
dial thump) had a direct comparator group (standard
CPR), and both had a very serious risk of bias. The oth-
ers were limited case series or cohorts without com-
parator groups.

Cough CPR is described as a repeated deep breath fol-
lowed by a cough every few seconds. There is no evidence
for the effectiveness of cough CPR in established cardiac
arrest (ie, in an unconscious, pulseless patient), nor is its
initiation even feasible under such circumstances. Very-
low-quality evidence from 1 study'® addresses the use
of cough CPR for prodromal symptoms of collapse in
high-risk patients in whom the cardiac rhythm was not
known and the likelihood of progressing to cardiac arrest
was uncertain. Suggesting a benefit of cough CPR for the
general population would require us to accept that an
untrained patient could reliably identify a cardiac arrest
rhythm in time to initiate coughing to maintain a cardiac
output. This seems highly unlikely.

There are periodic stories (on social media, for ex-
ample) instructing members of the public to perform
cough CPR in case of imminent collapse, so it is im-
portant that we address this topic. We should be clear
that we do not recommend cough CPR for OHCA. The
risks are (1) that it delays effective treatment (early call
for help, early CPR and defibrillation if the patient loses
consciousness and stops breathing normally) and (2)
that members of the public confusing “cardiac arrest”
with “heart attack” delay seeking help when suffering
chest pain or other symptoms indicating a possible isch-
emic cardiac event.

There is no evidence to contradict the 2010 CoSTR
treatment recommendation’? that providers can con-
sider cough CPR in the exceptional circumstance of
monitored, witnessed in IHCAs. The victim must remain
conscious and be able to follow instructions for cough-
ing. There is limited very-low-certainty evidence that
this may be effective in all arrhythmias that can cause
cardiac arrest, not limited to just VF and VT. This evi-
dence is reported for adult patients only. There is some
evidence that cough CPR increases aortic, left atrial, and

Table 11. Observational Studies of Precordial Thump With Comparator Group

Outcome Certainty Studies

No. of Patients

Results

Survival to hospital | Very low (downgraded for | Nehme 2013,

797 (n=500 VFA/T, n=101

No difference:

discharge very serious risk of bias) Pellis 2009767 PEA, n=196 asystole) 71% versus 70% (P=ns)'®® and 5.6% versus 6.4% (P=ns)'®’
ROSC Very low (downgraded for | Nehme 2013,'%® 797 (n=500 VF/VT, n=101 | No difference:
very serious risk of bias) Pellis 20097 PEA, n=196 asystole) 93% versus 90% (P=ns)'® and 22% versus 20% (P=ns)'?’

ns indicates nonsignificant; PEA, pulseless electric activity; ROSC, return of spontaneous circulation; VT, ventricular tachycardia; and VF, ventricular fibrillation.
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Table 12. Observational Studies of Precordial Thump With No Comparator Group

Adult Basic Life Support: 2020 CoSTR

Outcome Certainty

Studies

No. of Patients

Results

Survival to | Very low (very

Caldwell 1985,%2 Gertsch 1992,68

35 (in-hospital, 3 studies):

In-hospital: 20/35 (57%); 2/2 (100%) VF, 14/29

serious risk of bias)

Cotoi 1980,'7? Pennington 1970,'7
Morgera 1979,"4 Haman 2009,"®
Amir 2007,'7¢ Befeler 1978,""7

n=23 VF; 366 (in-hospital):
n=320 VT, n=38 VF, n=8
Morgagni-Adams-Stokes attack

hospital serious risk of bias) Rajagopalan 1971'¢%; Caldwell n=29 VT, n=2 VF, n=2 asystole, (48%) VT, 2/2 (100%) asystole, 2/2 (100%)
discharge 198562 n=2 unknown; 3 (out-of-hospital, | unknown; out-of-hospital: 2/3 (67 %)

1 study): n=1 VT, n=2 VF
ROSC Very low (very Miller 1984,'7° Rahner 1978, 50 (out-of-hospital): n=27 VT, Out-of-hospital: 23/50 (46%); 11/27 (41%) VT,

12/23 (52%) VF; 88/366 (24%); in-hospital:
80/320 (25%) VT, 8/8 (100%) Morgagni-
Adams-Stokes, 0/38 (0%) VF; selective reporting

Miller 1985,'7¢ Nejima 1991,'7°
Volkmann 199018

of cases achieving outcome in 3 studies (n=39:
n=31 VT, n=8 Morgagni-Adams-Stokes'’-'3

ROSC, return of spontaneous circulation; VF, ventricular fibrillation; and VT, ventricular tachycardia.

left ventricular pressures, but a causative link between
cough CPR and termination of malignant arrhythmias is
lacking. It would not be appropriate to prioritize cough
CPR instead of other measures with proven efficacy,
but clinicians may consider it as a temporary measure if
there is a delay to defibrillation.

A precordial thump is described as a sharp, high-
velocity blow to the middle of the sternum with im-
mediate retraction by the ulnar aspect of the fist. We
weighed the potential benefit of precordial thumps
against the potential for harm. A precordial thump
can potentially interrupt life-threatening VT by gen-
erating an electric impulse, resulting in a premature
ventricular depolarization. However, there is a risk of
deterioration of cardiac rhythm (from VT to VF, akin
to an “R on T” phenomenon), reported in some stud-
ies,’”7%17" and a risk of delaying CPR or defibrillation.
Delay to definitive treatment is of particular concern
in situations when lay rescuers are providing cardiac
arrest interventions.

A causal link between precordial thump and the
critical outcomes of survival to hospital discharge and
ROSC is lacking. Defibrillation is a more effective treat-
ment for the termination of VF and VT and should be
prioritized. There is concern from 1 study (very-low-
certainty evidence) that use of precordial thump could
compromise first shock success.'®

In many of the included studies, it is unclear whether
the tachyarrhythmia (VT) represents cardiac arrest or
impending loss of cardiac output. It is very likely that
this is not so for many of the cases included in the stud-
ies reviewed.

Across studies, there is a lack of standardization
in the technique of precordial thump, the number of

Table 13. Observational Studies of Fist Pacing With No Comparator Group

times it was used, pharmacological therapy delivered
before or after its delivery, and—in some cases—its tim-
ing related to the onset of the tachyarrhythmia.

Fist (or percussion) pacing is described as the delivery
of serial, rhythmic, relatively low-velocity blows to the
sternum by a closed fist. The evidence for the effective-
ness of fist pacing is limited to a few small case series
(totaling 147 patients among them) suggesting that cardi-
ac output can be maintained if fist pacing is initiated very
quickly after onset of asystole or severe bradycardia—and
strictly for such rhythms. An electric impulse is generated
sufficient to cause myocardial depolarization and contrac-
tion. Fist pacing is not used for tachyarrhythmias.

There is no evidence comparing fist pacing with stan-
dard CPR (chest compressions) in established bradya-
systolic cardiac arrest. We again highlight the impor-
tance of prompt, high-quality chest compressions for
the treatment of cardiac arrest.

There is no evidence to contradict the 2010 CoSTR
treatment recommendation’? that providers can con-
sider fist pacing in the exceptional circumstance of
monitored, witnessed IHCA due to bradyasystole. It
would not be appropriate to prioritize fist pacing in-
stead of other measures with proven efficacy, but clini-
cians may consider it as a temporary measure if there is
a delay to electric pacing or pharmacological therapies.

Knowledge Gaps
e There are no data directly comparing cough CPR or
fist pacing with standard CPR.
e There are no data for any alternative CPR tech-
nique assessing survival with a favorable neuro-
logical outcome.

Outcome Certainty Studies No. of Patients Results

Survival to Very low (very serious Klumbies 1988,'8" | 111 (in-hospital): n=51 asystole, n=20 63/111 (57%)

hospital risk of bias) Scherf 196082 “life-threatening bradycardia,” n=29 unclear/

discharge delayed monitoring, n=11 “ventricular standstill”

ROSC Very low (very serious Iseri 1987'%; 5 (in-hospital): all asystole; 42 (in-hospital): 5/5 (100%); selective reporting of cases
risk of bias) Paliege 19828 n=35 asystole, n=7 “extreme bradycardia” achieving outcome; 41/42 (98%)

ROSC indicates return of spontaneous circulation.
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e There is limited, very-low quality evidence assess-
ing the critical outcome of survival to hospital
discharge.

e There are no data on any outcome after alternative
CPR technigues performed in children.

DEFIBRILLATION

Public Access AED Programs (BLS 347:
SysRev)

Rationale for Review

This topic was prioritized for review by the BLS Task Force
because it had not been updated since 2015.34 Public
access AED programs were recommended by ILCOR af-
ter review of the evidence before 2015, and since then
several additional studies have been published.

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

¢ Population: Adults and children with OHCA

e Intervention: Implementation of a public access
AED program

e Comparator: Traditional EMS response

e Qutcome: Survival to hospital discharge with good
neurological outcome and survival to hospital dis-
charge were ranked as critical outcomes. ROSC,
bystander CPR rates, time to first compressions,
time to first shock, and CPR quality were ranked as
important outcomes.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, con-
ference abstracts, trial protocols) were excluded.

e Time frame: All years and all languages were
included as long as there was an English abstract.
The literature search was updated to October
2019.

Consensus on Science
SysRevs on the effects of public access defibrillation
(PAD) on OHCA survival have been published previous-
ly.'8>188 This review is focused on comparing outcomes
in systems with public access AED programs versus sys-
tems with traditional EMS response and included 1 RCT
and 30 observational studies. PAD is defined as defibril-
lation with an onsite AED by a layperson in the OHCA
setting. The PAD group included only patients defibril-
lated by a lay person using an onsite AED. The control
group included all patients not receiving PAD—mean-
ing not treated with an onsite AED by a lay person—
and included patients defibrillated by professional first
responders, such as police or firefighters.

For the critical outcome of survival to 1 year with
favorable neurological outcome, we identified low-
certainty evidence (downgraded for risk of bias) from
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1 observational trial'® enrolling 62 patients showing
improvement (43% versus 0%; P=0.02) after a PAD
program in a subway system.

For the critical outcome of survival to 30 days with
favorable neurological outcome, we identified low-
certainty evidence (downgraded for risk of bias and in-
consistency) from 7 observational studies'-'* enrolling
43116 patients demonstrating improved survival with a
PAD program (OR, 6.60; 95% Cl, 3.54-12.28).

For the critical outcome of survival to hospital dis-
charge with favorable neurological outcome, we iden-
tified low-certainty evidence (downgraded for risk of
bias) from 8 observational studies. The studies'8”.195-201
included 11 837 patients demonstrating improved sur-
vival with PAD program (OR, 2.89; 95% Cl, 1.79-4.66).

For the critical outcome of survival to 30 days, we
identified low-certainty evidence (downgraded for risk of
bias) from 8 observational studies'8190.192:193.202-205 anrg|-
ing 85 589 patients demonstrating improved outcome
with a PAD program (OR, 3.66; 95% Cl, 2.63-5.11).

For the critical outcome of survival to hospital dis-
charge, we identified moderate-certainty evidence
(downgraded for risk of bias) from 1 RCT?% enrolling
235 OHCA patients showing improved survival with
PAD compared with no PAD (RR, 2.0; 95% Cl, 1.07-
3.77) and low-certainty evidence (downgraded for risk
of bias) from 16 observational studies enrolling 40 243
patients showing improved survival associated with PAD
programs (OR, 3.24; 95% Cl, 2.13-4.92).1957199.201.207-217

Treatment Recommendation

We recommend the implementation of PAD programs
for patients with OHCAs (strong recommendation, low
certainty evidence).

Justification and Evidence-to-Decision
Framework Highlights

The evidence-to-decision table is included in Supple-
ment Appendix A-10. PAD programs are implemented
at the community level to improve outcomes for pa-
tients with OHCA. In making this recommendation, we
placed a high value on the potential life-saving capabil-
ity of an AED for a shockable rhythm and on keeping
with the previous treatment recommendation when
there were no compelling data suggesting the need
to change. We recognize that there are barriers to the
implementation of PAD programs. The ILCOR scientific
statement on public access defibrillation addresses key
interventions (early detection, optimizing availability,
signage, novel delivery methods, public awareness,
device registration, mobile apps for AED retrieval and
personal access defibrillation) that should be consid-
ered as part of all PAD programs. Cost-effectiveness of
PAD programs may vary according to country. A recent
review found cost-effectiveness ratios between 37 200
and 1 152 400 US dollars/quality-adjusted life-years.'®
Another recent cost-effectiveness analysis study?'® from
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the United States concluded that public access AEDs
are a cost-effective public health intervention.

Among 31 included studies, there was only 1 RCT,
which showed improved survival to discharge in the
CPR-plus-AED group compared with the CPR-only
group. Observational studies were mostly retrospec-
tive analyses of data from large registries and generally
showed improved survival outcomes associated with
PAD. However, there were some inconsistencies among
the observational studies, as some were unable to show
any significant differences in outcomes.'®7.193.196.215
There was also important heterogeneity among stud-
ies in the meta-analysis. The location of cardiac arrest
was various and included airports,?'? subways,’™” and
sports facilities.?® The population varied, with 2 stud-
ies including only children.'™°'%* The control group also
varied among studies because some patients in control
groups received first responder defibrillation, whereas
others did not. Some studies were before-and-after
studies in which historic controls included periods be-
fore PAD implementation'32'>2'7 or the initial period
of implementation.’® Despite such heterogeneity, all
patients in those studies had OHCA, and most studies
showed that implementation of PAD improved survival.

Knowledge Gaps
Current knowledge gaps include but are not limited to
the following:
e Optimal placement/location of AEDs
e Optimal role of emergency medical dispatchers in
identifying nearest AED and alerting callers to their
location
e How AEDs could be most effectively integrated
into citizen responder programs

Analysis of Rhythm During Chest
Compressions (BLS 373: SysRev)

Rationale for Review

High-quality CPR with few pauses in chest compres-
sions is emphasized in current guidelines and CPR train-
ing. Rhythm analysis and pulse checks require pauses
in chest compressions, and artifact-filtering algorithms
for analysis of electrocardiographic rhythm during CPR
have been proposed as a method to reduce pauses in
chest compressions.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults and children with cardiac arrest
e Intervention: Analysis of cardiac rhythm during
chest compressions
e Comparator: Standard care (analysis of cardiac
rhythm during pauses in chest compressions)
e Qutcome: Survival to hospital discharge with good
neurological outcome and survival to hospital
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discharge were ranked as critical outcomes. ROSC
was ranked as an important outcome. CPR quality
metrics, such as time of chest compression frac-
tion, pauses in compressions, compressions per
minute, time to commencing CPR, time to first
shock, etc, were included as important outcomes.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, con-
ference abstracts, trial protocols) were excluded.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to September 23, 2019.

Consensus on Science

Fourteen full-text papers were identified and re-
viewed,?'*?32 put none assessed any critical or impor-
tant patient-related outcomes. Most of these studies
use previously collected electrocardiographs, electric im-
pedance, and/or accelerometer signals recorded during
CPR for cardiac arrest to evaluate the ability of various
algorithms?2%-22° or machine learning?*® to detect shock-
able rhythms during chest compressions. Although these
studies did not evaluate the effect of the artifact-filter-
ing algorithms on any critical or important outcomes,
they provided insights into the feasibility and potential
benefits of this technology. We also identified studies
evaluating artifact-filtering algorithms in animal models
of cardiac arrest?™?3! and simulation studies.?*? Sensitivi-
ties and specificities are generally reported in the 90%
to 99% range, but none of these studies evaluated the
use of this technology during actual cardiac arrest and
resuscitation.

Treatment Recommendations

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

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

Justification and Evidence-to-Decision
Framework Highlights
The evidence-to-decision table is included in Supple-
ment Appendix A-11. In making a recommendation
against routine use, we placed priority on avoiding the
costs of introducing a new technology when its effects
on patient outcomes and risk of harm remain to be de-
termined.

In making a recommendation for further research;
the task force is acknowledging that (1) there is thus far
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insufficient evidence to support a decision for or against
routine use, (2) further research has potential for reduc-
ing uncertainty about the effects, and (3) further re-
search is thought to be of good value for the anticipated
costs. This treatment recommendation was changed
from a previous weak suggestion that, for EMS systems
that had already integrated artifact-filtering algorithms
into clinical practice, it would be reasonable to continue
with their use.>4 The task force acknowledges that some
EMS systems may have implemented artifact-filtering al-
gorithms for analysis of electrocardiographic rhythm dur-
ing CPR and strongly encourages such systems to report
their experiences to build the evidence base about the
use of these technologies in clinical practice.

Knowledge Gaps

There were no studies identified that evaluated feasi-
bility, efficacy, or effectiveness of artifact-filtering algo-
rithms for analysis of electrocardiographic rhythm dur-
ing CPR in any setting for any patient population.

CPR Before Defibrillation (BLS 363:
SysRev)

Rationale for Review

Previous treatment recommendations for CPR before
defibrillation have been based on RCTs, but the results
from these trials have been inconsistent, and important
uncertainty about the optimal timing of defibrillation
remains. This topic has not been reviewed by ILCOR
since the 2015 CoSTR3# and therefore was prioritized
by the BLS Task Force.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults and children with cardiac arrest
and a shockable rhythm at initiation of CPR

Table 14. CPR Before Defibrillation

Adult Basic Life Support: 2020 CoSTR

¢ Intervention: A prolonged period of chest com-
pressions before defibrillation (90-180 seconds)

e Comparator: A short period of chest compressions
until the defibrillator is ready

e Qutcome: Survival to hospital discharge with good
neurological outcome and survival to hospital dis-
charge were ranked as critical outcomes. ROSC
was ranked as an important outcome.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to October 27, 2019.

Consensus on Science

Five RCTs were identified comparing a shorter with a
longer interval of chest compressions before defibrilla-
tion."7118.233-235 Qutcomes assessed varied from 1-year
survival with favorable neurological outcome to ROSC.
No clear benefit from CPR before defibrillation was
found in meta-analysis of any of the critical or impor-
tant outcomes (Table 14).

Treatment Recommendation

This treatment recommendation (below) is modified
slightly from the 2015 CoSTR.>* We suggest a short
period of CPR until the defibrillator is ready for analy-
sis and/or defibrillation in unmonitored cardiac arrest.
(weak recommendation, low-certainty evidence).

Justification and Evidence-to-Decision
Framework Highlights

The evidence-to-decision table is included in Supple-
ment Appendix A-12. This topic was prioritized by the

No. of
Outcome Certainty Studies Patients Results
1y with favorable Low (risk of bias, Wik 20037 200 No difference:

neurological outcome imprecision)

Relative risk 1.15 (95% Cl, —=0.57 to 2.34), 19 more
patients/1000 (=54 to 167)

Wik 2003, Baker 2008,"®
Ma 2012, Stiell 20112

Hospital discharge with
favorable neurological
outcome

Low (inconsistency,
imprecision)

10 424 | No difference:
Relative risk 1.02 (95% Cl, —=0.01 to 0.01), 1 more patient/1000

(-7t0 11)

Survival to 1y Low (risk of bias, Wik 2003,""7 Jacobs 200523

456 No difference:

imprecision) Relative risk 1.19 (95% Cl, 0.69-2.04), 18 more patients/1000
(=29 to 98)
Survival to hospital Low (risk of bias, Wik 2003,""7 Jacobs 2005, | 10680 | No difference:
discharge imprecision) Baker 2008,'"® Ma 2012,%3* Relative risk 1.01 (95% Cl, 0.90-1.15), 1 more patient/1000
Stiell 20112 (-8t0 13)
ROSC Low (risk of bias, Wik 2003,""” Jacobs 2005,2%* 10680 | No difference:
imprecision) Baker 2008,"'® Ma 2012, Relative risk 1.03 (95% Cl, 0.97-1.10), 8 more patients/1000

Stiell 20112

(-9 to 27)

CPR indicates cardiopulmonary resuscitation; and ROSC, return of spontaneous circulation.

Both relative and absolute risks are written as mean values (95% Cls).
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BLS Task Force, as it had not been reviewed since the
2015 CoSTR.3>* Given the availability of comparative
data from several RCTs, we did not include non-RCTs.
No new RCTs were identified, and no changes were
made to the treatment recommendation; however,
because the outcome templates have been altered for
the 2020 ILCOR review process, the review has been
updated.

In continuing to make the recommendation to pro-
vide CPR until the defibrillator is ready for analysis and/
or defibrillation in unmonitored cardiac arrest, we placed
a high value on being consistent with previous recom-
mendations. The BLS Task Force acknowledges that every
change in guidelines comes with a significant risk and
cost as CPR educators and providers are asked to change
current practice and implement new treatment strategies
for complex and high-stress medical emergencies.

Important issues remained in the evaluation of the 5
included RCTs and led the BLS Task Force to downgrade
the certainty of the treatment recommendation. The trial
by Jacobs et al?** did not use a random sequence gen-
eration and did not conceal randomization before rhythm
analysis, leading to potential bias. In all RCTs, the treating
EMS personnel could not be blinded to the interventional
strategy after randomization. There was also significant
heterogeneity in these trials with regard to the duration
of CPR provided before defibrillation, with a range of 90
to 180 seconds. For the purposes of this review, the 90 to
180 seconds of CPR was considered a combined group.
It is also important to note that the trials were conducted
in different countries (Australia, Canada, Norway, Taiwan,
United States) with varying EMS system structural config-
urations (BLS, ALS, physician on scene) as well as response
times and treatment protocols. Only 1 of the included tri-
als attempted to document and adjust for the quality of
the intervention (or chest compressions) before defibrilla-
tion,?*> leaving the possibility that the intervention in the
other trials was of varying quality. The studies also includ-
ed only adult (age =18 years) OHCA patients and cannot
be generalized to the IHCA or pediatric populations.

Two subgroup analyses were considered in the 2015
CoSTR. One subgroup analysis looked at enrollments
based on EMS response interval, comparing those with
intervals of less than 4 to 5 minutes versus those with
intervals of 4 to =5 minutes. Within this subgroup, 1
study'” found a favorable relationship with CPR for 180
seconds before defibrillation when the response interval
was =5 minutes, but this relationship was not confirmed
in 3 other RCTs."8233.23> The second subgroup analysis?*®
examined outcomes from early compared with late
analysis on the basis of baseline EMS agency VF/pVT
survival rates. Among EMS agencies with low baseline
survival to hospital discharge (defined as less than 20%
for an initial rhythm of VF/pVT), higher neurologically
favorable survival was associated with early analysis and
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shock delivery as opposed to CPR and delayed analysis
and shock delivery. Yet, for EMS agencies with higher
baseline survival to hospital discharge (greater than
20%), 3 minutes of CPR followed by analysis and defi-
brillation resulted in higher neurologically favorable sur-
vival. These subgroup analyses underscore the difficulty
in making “one size fits all” recommendations for resus-
citation systems, which may vary considerably in both
populations served and treatments offered.

Knowledge Gaps
Current knowledge gaps include but are not limited to
the following:
e What effect does the quality of bystander CPR
have?
¢ Can electrocardiographic waveform characteristics
be used to determine optimal strategy?
o If a CPR-first strategy is adopted, what is the opti-
mal duration of CPR (90 seconds, 120 seconds, or
180 seconds)?
e What system-level characteristics might influence
adopted strategy?

Paddle Size and Placement for
Defibrillation (ALS-E-030A: ScopRev)

Rationale for Review

This topic was suggested by the Australian Resuscita-
tion Council. The BLS Task Force was supportive of an
updated evidence review because this topic had not
been reviewed by ILCOR since 2010.237:23%

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

¢ Population: Adults with cardiac arrest

e Intervention: The use of any specific pad size/ori-
entation and position

e Comparator: Standard resuscitation or other spe-
cific paddle/pad size/orientation and position

e Qutcome: Survival to hospital discharge with good
neurological outcome and survival to hospital dis-
charge were ranked as critical outcomes. ROSC
was ranked as an important outcome. Termination
of VF and rates of recurrence of fibrillation/refibril-
lation were included as important outcomes.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, con-
ference abstracts, trial protocols) were excluded.
It was anticipated that there would be insuffi-
cient studies from which to draw a conclusion;
case series were included in the initial search and
included as long as they contained at least 5 cases.

e Time frame: Since January 1, 2009: All languages
were included as long as there was an English
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abstract; unpublished studies (eg, conference
abstracts, trial protocols) were excluded. The liter-
ature search was updated to November 11, 2019.

Summary of Evidence
We did not identify any new evidence that directly ad-
dressed this question. See Appendix B-3 for full ScopRev.

Task Force Insights
Key issues from BLS Task Force discussions were as
follows:

Although some studies have shown that anteropos-
terior electrode placement is more effective than the tra-
ditional anterolateral position in elective cardioversion of
atrial fibrillation, the majority have failed to demonstrate
any clear advantage of any specific electrode position.
Transmyocardial current during defibrillation is likely to
be maximal when the electrodes are placed so that the
area of the heart that is fibrillating lies directly between
them (ie, ventricles in VF/pVT, atria in atrial fibrillation).
Therefore, the optimal electrode position may not be
the same for ventricular and atrial arrhythmias.

Recent approaches including double sequential defibril-
lation, in which differently oriented sequential defibrilla-
tions are delivered, have been evaluated by the Advanced
Life Support Task Force in a separate evidence review.

This ScopRev was unable to identify any new studies
that needed to be added to the previous SysRev. In light
of this, we believe that the existing CoSTR does not
need to be modified (with the exception of removing
reference to “paddles,” because modern equipment
using self-adhesive pads have replaced paddles).

Treatment Recommendation
These treatment recommendations (below) are unchanged
from 2010.2%7238 It is reasonable to place pads on the ex-
posed chest in an anterior-lateral position. An acceptable
alternative position is anterior posterior. In large-breasted
individuals, it is reasonable to place the left electrode pad
lateral to or underneath the left breast, avoiding breast
tissue. Consideration 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 spe-
cific electrode size for optimal external defibrillation
in adults. However, it is reasonable to use a pad size
greater than 8 cm.

SPECIAL CIRCUMSTANCES
CPR During Transport (BLS 1509: ScopRev)

Rationale for Review
This topic has not been reviewed since before 2005.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults and children with OHCA
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e Intervention: Transport to hospital

e Comparator: Completing CPR on scene

e Qutcome: Critical: survival with good neurologi-
cal function (ie, at hospital discharge, 1 month,
6 months, 1 year) and survival (ie, hospital dis-
charge, 1 month, 6 months, 1 year); important:
short-term survival (ROSC, hospital admission)
and CPR quality parameters (ie, compression frac-
tion rate, depth, leaning, etc)

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, con-
ference abstracts, trial protocols) were excluded.

e Time frame: All years and all languages were
included as long as there was an English abstract.

Summary of Evidence
This ScopRev is included in Supplement Appendix B-2.

Studies Reporting Survival Among OHCA Patients
Transported With CPR in Progress (Arriving at Hospital
Without a Pulse)

There were 8 nonrandomized studies?*-24¢ reporting
that ROSC was achieved in the emergency department
in approximately 9.5% of cases, with 2.9% surviving to
hospital discharge.

Studlies Reporting Quality of Manual CPR on Scene
Compared With During Transport

There were 5 nonrandomized studies*’-25" comparing
the quality of CPR on scene with the quality of CPR dur-
ing transport to hospital. Two studies?*:2° concluded
that the quality of CPR during transport is no worse
than the quality of CPR on scene, whereas 2 stud-
ies?#251 concluded that the quality of CPR was poorer
during transport than on scene.

There were 4 RCTs?°22%> and 4 nonrandomized stud-
ies?°6-25 comparing the quality of CPR on scene with
the quality of CPR during transport, using manikins.
Manikin studies suggest that CPR quality is poorer dur-
ing transport than when on scene.

Studies Comparing Manual Versus Mechanical CPR
During Transport

There were 3 RCTs?°%%2 and 3 nonrandomized stud-
ies?63-265 reporting survival outcomes for OHCA patients
transported with manual CPR compared with mechani-
cal CPR. RCTs showed no benefit from mechanical CPR
with respect to ROSC or survival to discharge. The non-
randomized studies reported conflicting results. Two
RCTs%60261 3and 3 nonrandomized studies?®-2%¢ suggested
variable improvements in physiological parameters with
mechanical CPR. Four manikin RCTs?>#255269270 gand 3
nonrandomized manikin studies?*’?7?”2 suggested that
mechanical CPR provided consistent CPR, whereas the
quality of manual CPR declined during transport.
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Studies Addressing Duration and/or Distance of
Transport on Outcomes
Five nonrandomized studies?*¢273-276 suggested that the
duration of transport with CPR and the distance transport-
ed with CPR does not adversely impact patient outcomes.
There was significant heterogeneity among study
populations, study methodologies, outcome measures
utilized, and outcomes reported. Findings are grouped
into themes, and a narrative analysis is provided.

Task Force Insights
There was considerable task force debate concerning
the appropriate outcome for this PICOST:

¢ |s the quality of CPR during transport better/no dif-

ferent/worse than the quality of CPR on scene?

e Are clinical outcomes affected by the decision to

transport with CPR?

¢ \When should the decision to transport with ongo-

ing CPR be made?

¢ Does the distance of transport affect outcomes of

CPR during transport?

¢ Can we identify which patient groups will/will not

benefit from transport with ongoing CPR?

¢ Should we recommend the use of mechanical CPR

during transport?

e What are the risks associated with CPR during

transport?

The task force acknowledges several confounding
factors when interpreting evidence, such as the use of
feedback devices to improve CPR quality during trans-
port and the implementation of high-performance CPR
within EMS systems. It was noted that studies of CPR
quality reported mean outcome measures and acknowl-
edged that the quality of CPR may fluctuate considerably
during transport. Although there is little evidence about
risk to providers when performing CPR during transport,
there are several reports highlighting the risk of injury
when unrestrained in the back of an ambulance. The
task force recognizes that performing CPR in the back
of a moving ambulance does increase the risk to provid-
ers. The decision to transport to hospital or cease in the
field might also be dependent on available resources at
receiving hospitals—if no additional treatment can be
added in the hospital, providers and patients are sub-
jected to additional risk with little potential benefit.

This topic has not been addressed by ILCOR for many
years. This ScopRev has identified new evidence ad-
dressing this topic. The BLS Task Force recognizes that
it may be appropriate to undertake more than 1 SysRev
on the basis of these findings. The BLS Task Force will
seek public feedback to prioritize the questions to ex-
plore in the near future. The BLS Task Force will request
as a first priority a SysRev comparing the quality of CPR
metrics on scene compared with during transport.
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Removal of Foreign-Body Airway
Obstruction (BLS 368: SysRev)

Rationale for Review

Foreign-body airway obstruction is a common problem.
Many cases are likely resolved easily without the need
to involve healthcare providers. Foreign-body airway
obstruction is, however, an important cause of early
death that typically affects the very young and the el-
derly or individuals with impaired neurological function/
swallowing. Current strategies to relieve foreign-body
airway obstruction are well known to many people;
delays in treatment increase the risk of death, but in-
terventions themselves can cause harm and death. The
topic of relief of foreign-body airway obstruction has
not been reviewed since 2010."2 In recent years, man-
ual suction devices (airway clearance devices) that use
a vacuum to remove foreign bodies have become com-
mercially available. These devices have not previously
been reviewed by ILCOR and are included in this SysRev.

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

¢ Population: Adults and children with foreign-body
airway obstruction

¢ Intervention: Interventions to remove foreign-body
airway obstruction, such as finger sweep, back
slaps or blows, abdominal thrusts, chest thrusts,
and suction-based airway clearance devices

e Comparator: No action

e Qutcome: Survival with good neurological out-
come, survival, ROSC, relief of airway obstruction,
harms/complications

e Study design: RCTs, nonrandomized studies (non-
RCTs, interrupted time series, controlled before-
and-after studies, cohort studies), and case series
(=5 cases) were eligible for inclusion. Case reports
of injuries/complications were eligible.

e Time frame: All years and all languages were
included as long as there was an English abstract.
Unpublished studies (eg, conference abstracts,
trial protocols), animal studies, manikin studies,
and cadaver studies were excluded. The literature
was searched to September 2019.

e PROSPERO registration: CRD42019154784

Consensus on Science

The review focused on studies published in the peer-re-
viewed literature. All studies identified were observation-
al, consisting mostly of case series. The overall certainty of
evidence was very low for all outcomes primarily because
of very serious risk of bias and imprecision. Key limitations
with interpretation of the case series identified include
publication bias (reports of successful use or harm are
more likely to be published); lack of information about
the denominator (ie, the number of times an interven-
tion was used compared with the number of successes
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or harms reported); and, in many reports, more than 1
intervention attempted. For these reasons and because of
the high degree of heterogeneity across the case reports,
no meta-analyses were performed, and individual studies
were difficult to interpret. Evidence relating to the use of
back blows, abdominal thrusts, chest compressions, and
finger sweeps is presented in Table 15.

Magill Forceps

For the critical outcome of survival with favorable neu-
rological outcome, we identified very-low-certainty evi-
dence from 1 observational study*** enrolling 240 adults
and children with OHCA with foreign-body airway ob-
struction, which showed benefit associated with the
use of Magill forceps by EMS personnel compared with
no use (OR, 3.96 [95% Cl, 1.21-13.00]; 107 more pa-
tients/1000 survived with the intervention [95% ClI, 8
more patients/1000 to 324 more patients/1000 survived
with the intervention]). This outcome was achieved de-
spite the much lower incidence of bystander CPR pro-
vided to the Magill forceps group.

For the critical outcome of survival, we iden-
tified  very-low-certainty evidence from 1 ob-
servational study*** enrolling 240 patients with
OHCA associated with foreign-body airway ob-
struction. The rate of survival with EMS use of
Magill forceps was 27% versus 17% in the control
group (P=0.086) despite a lower rate of bystander CPR
before EMS arrival (57% versus 80%; P<0.001).

For the important outcome of relief of foreign-body
airway obstruction, we identified very-low-certainty

Table 15. Removal of Foreign Body Airway Obstruction

Adult Basic Life Support: 2020 CoSTR

evidence from 4 case series studies?’828>34334 reporting
successful relief of foreign-body airway obstruction in
417 patients treated with Magill forceps.

Airway Clearance Devices

For the critical outcome of survival and the important
outcome of relief of foreign-body airway obstruction,
we identified a single observational study with very-low-
certainty evidence reporting about 9 adult patients with
foreign-body airway obstruction who survived after treat-
ment with a suction-based airway clearance device.3*

Foreign-Body Airway Obstruction Removal by
Bystanders

For the critical outcome of survival with good neurolog-
ical outcome, we identified very-low-certainty evidence
downgraded for very serious risk of bias from 1 ob-
servational study?’8 enrolling 41 patients with foreign-
body airway obstruction, which showed benefit from
bystander attempts to remove the foreign-body airway
obstruction compared with no bystander attempts (in-
tervention versus control, 74% versus 32%; P=0.0075).

Treatment Recommendations
We suggest that back slaps are 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 are used in adults
and children (older than 1 year) with a foreign-body air-
way obstruction and an ineffective cough when back

Intervention Outcome Studies No. of Patients Results
Back blows Survival 1 observational?”’ 13 All 13 patients survived
Relief of obstruction 3 observational?”7-27° 75 All 75 patients had relief of
obstruction
Injury/harm 4 observational?s>-282 4 3 vascular injuries,
1 thoracic injury
Abdominal thrusts Survival 2 observational?83.284 189 All 189 patients survived
Relief of obstruction 6 observational?77-279.283-285 417 All 417 patients had relief of
obstruction
Injury/harm 49 observational?®'.282a.286-333 52 17 gastric/esophageal injuries,
15 vascular injuries,
12 thoracic injuries,
8 abdominal injuries
Chest thrusts/compressions Survival 1 observational®* 138 All 138 patients survived
Relief of obstruction 1 observational?”® 28 All 28 patients had relief of
obstruction
Injury/harm 4 observational?0:212.323:326 5 3 gastric/esophageal injuries,
2 vascular injuries.
Finger sweep Survival 1 observational?”” 6 All 6 patients survived
Relief of obstruction 2 observational?”727 36 All 36 patients had relief of
obstruction
Injury/harm 8 observational®*5-342 10 5 dislodgement of object,
5 injury to nasopharynx
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slaps are ineffective (weak recommendation, very-low-
certainty evidence).

We suggest that rescuers consider the manual ex-
traction of visible items in the mouth (weak recommen-
dation, 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 healthcare
providers use Magill forceps to remove a foreign-body
airway obstruction in patients with OHCA 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 recommendation, very-low-certainty evidence).

We suggest that bystanders undertake interventions
to support foreign-body airway obstruction removal as
soon as possible after recognition (weak recommenda-
tion, very-low-certainty evidence).

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

Justification and Evidence-to-Decision
Framework Highlights

The  evidence-to-decision  table is included in
Supplement Appendix A-13. The current treatment rec-
ommendations are similar to previous recommendations,
but the BLS Task Force has provided some additional
guidance about the recommended sequence of steps to
relieve airway obstruction. The task force recognizes the
importance of early removal of a foreign-body airway ob-
struction to prevent cardiac arrest. Bystanders should be
encouraged to assist victims by rapidly attempting to re-
move the obstruction. The initial response to foreign-body
airway obstruction in a conscious individual should be to
encourage coughing because this is a normal physiologi-
cal response that may be effective and is unlikely to cause
harm. The sequence of interventions in individuals without
an effective cough suggested in treatment recommenda-
tions seeks to balance the benefits of early removal of the
foreign-body airway obstruction with the potential harms
of interventions, such as abdominal thrusts.

We prioritized consistency with current treatment
recommendations. We note the difference in method-
ologic approaches used in this review compared with
previous reviews. In particular, previous reviews includ-
ed cadaver, animal, and manikin studies.

We note that evidence for all outcomes is assessed
as very low certainty. Research on foreign-body airway
obstruction is challenging because many with a for-
eign-body airway obstruction are treated immediately
and effectively by bystanders or by coughing. It would
be difficult if not impossible to perform an RCT of treat-
ments for foreign-body airway obstruction.
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The task force distinguished between a situation in
which a foreign-body airway obstruction can be seen in
the mouth and a situation in which no object can be
seen. When an object can be seen in the mouth, the
manual removal of the item was considered appropri-
ate. When an object cannot be seen in the mouth, the
potential harm associated with the rescuer placing and
moving their fingers in the victim’s mouth (a blind finger
sweep) and the lack of clear benefit to this approach led
to a suggestion against the use of blind finger sweeps.

The task force treatment recommendation limits use
of abdominal thrusts to adults and children beyond in-
fancy. This was driven by concerns that, in infants, the
limited protection of the upper abdominal organs by
the lower ribs may mean that the potential harm of ab-
dominal thrusts outweighs any potential benefit. This is
consistent with previous treatment recommendations.

The task force treatment recommendation support-
ing the use of chest thrusts/compressions is based on
case series reports of successful relief of foreign-body
airway obstruction (unknown whether patients were in
cardiac arrest) and an observational study that found
that chest compressions improved neurologically intact
survival in unresponsive patients with foreign-body air-
way obstruction. Our current recommendation is con-
sistent with previous treatment recommendations.

The introduction of a treatment recommenda-
tion supporting the use of Magill forceps by suitably
trained healthcare providers reflects the potential ben-
efit of the intervention and the availability of relevant
equipment to trained individuals. The task force ex-
pects that these trained healthcare providers will al-
ready be skilled in advanced airway management. The
treatment recommendation is based on evidence from
case series of successful relief in victims with foreign-
body airway obstruction (unknown whether patients
were in cardiac arrest) and an observational study that
found that EMS use of Magill forceps was associated
with improved neurologically intact survival in those
with OHCA from foreign-body airway obstruction.

The task force acknowledges that there are very limited
data in the peer reviewed literature assessing the efficacy
of suction-based airway clearance devices (a case series
of 9 adults). The task force agreed that the peer-reviewed
published data were insufficient to support the implemen-
tation of a new technology with an associated financial
and training cost. The task force has outlined recommen-
dations for further research in relation to these devices.

We identified no evidence that specifically examined
foreign-body airway obstruction removal in pregnant in-
dividuals. The task force suggests that abdominal thrusts
are avoided in this group due to risk of injury to the fetus.

Knowledge Gaps
¢ There is a need for high-quality observational studies
that accurately describe the incidence of foreign-body
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airway obstruction, patient demographics (age, set-
ting, comorbidities, food type, level of consciousness),
full range of interventions delivered, who delivered
interventions (health professional/lay responder),
success rates of interventions, harm of interventions,
and outcomes. It is unlikely that such a study can be
conducted using only health service data.

e There is a need for further evidence on the ben-
efits and harms of suction-based airway clearance
devices. The task force encourages the registration
of all device uses. Reports should detail key demo-
graphics (eg, age, setting, comorbidities, food
type, level of consciousness), full range of inter-
ventions provided, who provided the intervention
(lay compared with healthcare professional), and
outcomes. This evidence initially may come in the
form of published case series.

Resuscitation Care for Suspected Opioid-
Associated Emergencies (BLS 811: SysRev)

Rationale for Review

Deaths from drug overdose are an increasing public
health burden in many countries. In the United States
alone, more than 70 000 deaths were attributed to
drug overdose in 2017.342 Qverdose deaths have been
increasing since 2013; although there is increasing re-
search into overdose prevention and response educa-
tion, there is a need for a SysRev to guide development
of best practice guidelines for bystander resuscitation in
suspected opioid-induced emergencies.

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

e Population: Adults and children with suspected
opioid-associated cardiorespiratory arrest in the
prehospital setting

¢ Intervention: Bystander naloxone administration
(intramuscular or intranasal) in addition to stan-
dard CPR

e Comparator: Conventional CPR only

e Study design: RCTs and nonrandomized studies
(non-RCTs, interrupted time series, and controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion.

e Time frame: All years and all languages were
included as long as there was an English abstract.
Unpublished studies (eg, conference abstracts,
trial protocols), animal studies, manikin studies,
and cadaver studies were excluded. The literature
was searched to October 2019.

Consensus on Science

We did not identify any studies reporting any critical
or important outcomes for adults or children with sus-
pected opioid-associated cardiorespiratory arrest in any
setting, comparing bystander-administered naloxone
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(intramuscular or intranasal) plus conventional CPR
with conventional CPR only.

Treatment Recommendation

We suggest that CPR be started without delay in any
unconscious person not breathing normally and that
naloxone be used by lay rescuers in suspected opioid-
related respiratory or circulatory arrest (weak recom-
mendation based on expert consensus).

Justification and Evidence-to-Decision
Framework Highlights
The evidence-to-decision tableisincluded in Supplement
Appendix A-14. There is no direct evidence comparing
outcomes for patients with opioid-induced respiratory
or cardiac arrest treated with naloxone in addition to
standard CPR compared with those treated with CPR
alone. Despite this, the BLS Task Force decided to make
a suggestion for the use of naloxone on the basis of
expert opinion alone, wanting to underline the impor-
tance and challenge of the opioid epidemic. Although
administering naloxone is unlikely to directly harm the
patient, rescuers should be prepared for behavioral
changes that may occur after drug administration. Pa-
tients who are resuscitated from a narcotic overdose
may become agitated and sometimes violent.
Although no evidence directly evaluating the clinical
guestion was identified, we did identify a summary of
4 case series including 66 patients, in which 39 of 39
patients who received naloxone after opioid overdose
recovered compared with 24 of 27 who did not receive
naloxone after opioid overdose.?* At the population lev-
el, there is evidence to demonstrate improved outcomes
in communities after implementation of various nalox-
one distribution schemes. A recent SysRev identified 22
observational studies evaluating the effect of overdose
education and naloxone distribution using Bradford Hill
criteria and found a link between implementation of
these programs and decreased mortality rates.3#
Diagnosis of respiratory or cardiac arrest is not al-
ways straightforward, and lay rescuers would be ex-
pected to have a high suspicion of cardiac or respiratory
arrest in any unresponsive person with suspected drug
overdose. Administration of naloxone is likely to have
preventive effects if given after a drug overdose that
has not yet caused respiratory or cardiac arrest, and the
potential for desirable effects in a broader population
strengthens the suggestion to administer naloxone in
this setting. Furthermore, there are very few reports of
side effects from naloxone.?*® Although it is possible
that bystanders might spend valuable time finding and
administering naloxone instead of starting CPR during
respiratory or cardiac arrest, lack of reports of harm
from large-scale implementation of naloxone distribu-
tion schemes indicate that this is unlikely a big problem.
Because there is no formal evaluation of naloxone
with CPR compared with CPR alone in opioid overdose, it
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is not possible to formally balance desirable and undesir-
able effects of naloxone administration by laypeople. As
a response to the growing epidemic, naloxone has been
widely distributed by healthcare authorities to laypeople
in various opioid overdose prevention schemes. Overall,
these programs report beneficial outcomes at the popu-
lation level. The BLS Task Force therefore considers it very
likely that the desirable effects outweigh undesirable ef-
fects and that use of naloxone is acceptable by key stake-
holders as well as the general population.

Knowledge Gaps
Current knowledge gaps include but are not limited to
the following:

e There is currently no evidence evaluating the role
of naloxone use among bystanders attempting
CPR in suspected opioid-related respiratory or cir-
culatory arrest.

e Further research is needed to determine the opti-
mal components of resuscitation and the role of
naloxone during bystander CPR.

Drowning (BLS 856: SysRev)

Rationale for Review

This question was initiated in response to a request that
ILCOR review the evidence for prognostic factors that pre-
dict outcome in relation to a drowning incident. Drown-
ing was last reviewed in 2015.24 Drowning is the third
leading cause of unintentional injury death worldwide,
accounting for over 360 000 deaths annually.?%° Care
of a submersion victim in high-resource countries often
involves a multiagency approach, with several different
organizations independently responsible for different
phases of the victim’s care, beginning with initial aquatic
rescue, through on-scene resuscitation and transfer to
hospital, and with in-hospital and rehabilitative care. At-
tempting to rescue a submerged victim has substantial
resource implications and may place rescuers at risk.

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

e Population: Adults and children who are sub-
merged in water

¢ Intervention: Any particular factor in search-and-
rescue operations (eg, duration of submersion,
salinity of water, water temperature, age of victim)

e Comparator: Compared with no factors

e Qutcome: Survival to hospital discharge with good
neurological outcome and survival to hospital dis-
charge were ranked as critical outcomes. ROSC
was ranked as an important outcome.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. It was anticipated that there
would be insufficient studies from which to draw a
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conclusion; case series were included in the initial
search as long as they contained at least 5 cases.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to October 1, 2019.

Consensus on Science
Age
For the critical outcome of survival with favorable neu-
rological outcome, we identified very-low-certainty
evidence from 11 observational studies (downgraded
for bias inconsistency, indirectness, and imprecision)
comprising 4 105 patients.?*%3%935% Of the 8 pediatric
studies, 6 found that young age, variably defined as
less than 3, 4, 5, or 6 years, was not associated with
favorable neurological outcome.3>0-3543% A single pedi-
atric study including 166 children less than 15 years of
age reported better outcomes in children age less than
5 years (RR, 0.12; 95% Cl, 0.03-0.44).3>> Four studies
considered drowning victims of all ages; 2 found no as-
sociation between age and outcome.®7**¢0ne reported
worse outcomes associated with children aged greater
than 5 years (RR, 0.66; 95% Cl, 0.51-0.85).3%°

For the critical outcome of survival, we identified
very-low-certainty evidence (downgraded for risk of
bias, inconsistency, indirectness, and imprecision) from
6 observational studies including 1313 patients.360-36>
Three studies found that age was not associated with
outcome. 36136335 Tyyo reported better outcomes associ-
ated with younger ages (less than 58 years: RR, 0.27,
95% Cl, 0.08-0.96%¢2; less than 46 years: RR, 0.98;
95% Cl, 0.99-0.99),°%* and 1 favored older age (=3
years: RR, 1.51; 95% Cl, 1.19-1.9).3%°

EMS Response Interval

For the critical outcome of survival, we identified very-
low-certainty evidence (downgraded for risk of bias, in-
directness, and imprecision) from 2 observational stud-
ies including 746 patients in the Swedish EMS OHCA
registry.36236 EMS response intervals of less than 10
minutes were associated with better survival (RR,0.29;
95% Cl, 0.13-0.66)%° and a reported OR of 0.44 (95%
Cl, 0.06-0.83).3%

Salinity

For the critical outcome of survival with favor-
able neurological outcome, we identified very-low-
certainty evidence (downgraded for risk of bias,
indirectness, and imprecision) from 6 observational
studies3>4357:359.3592,367.368 1799 including 3 584 drown-
ing victims, of which 980 occurred in salt water and 2
604 in fresh water. Two reported that drowning in salt
water was associated with better outcomes (RRs, 1.3
[95% ClI, 1.12-1.5** and 1.2 [95% ClI, 1.1-1.4],3*
and 4 found no association between water salinity
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and outcome (RRs, 1.1 [95% ClI, 0.95-1.2],%% 1.14
[95% Cl, 0.9-1.4],>°1.1[95% CI, 0.70-1.72],%%® and
1.15[95% Cl, 0.91-1.45).35%

For the critical outcome of survival, we identified very-
low-certainty evidence (downgraded for risk of bias impre-
cision, inconsistency, indirectness, and imprecision) from
5 observational studies.30363368-370 One reported better
outcomes associated with salt water submersion (RR, 1.34;
95% Cl, 1.19-1.52),%%° 3 showed no association between
water salinity and survival (RRs, 1.22 [95% Cl, 0.95-
1.56],3%° 0.88 [95% Cl, 0.40-1.92],*% and 0.94 [95% (I,
0.62-1.4],>° and 1 reported worse survival associated with
salt water drowning (RR, 0.18; 95% Cl, 0.03-1.43).3%3

Submersion Duration

For the purposes of this review, we considered stud-
ies in 3 groups. We defined those with short sub-
mersion duration (less than 5-6 minutes), those with
intermediate duration (less than 10 minutes), and
those with prolonged submersion duration (less than
15-25 minutes).

Short Submersion Intervals (Less Than 5-6 Minutes)
For the critical outcome of survival with favorable neu-
rological outcome, we identified moderate-certainty evi-
dence from 15 observational studies (downgraded for
bias and indirectness, upgraded for dose response) includ-
ing 2 746 drowning victims,3°0:352-3%6.359.359.371377. AJ| styd-
ies noted worse outcomes associated with submersion
durations exceeding 5 minutes (RRs between 0.05%° and
0.61.3% The 943/1 075 patients (87.7%) who had out-
come information available and were submerged for short
durations had good outcomes compared with the 139/1
238 (11.2%) who had longer submersion durations.

For the critical outcome of survival, we identified
low-certainty evidence (downgraded for risk of bias,
indirectness, and imprecision; upgraded for dose re-
sponse) from 6 observational studies comprising 392
cases,360:361.369.375,378379 || studies noted an association be-
tween worse outcomes with prolonged compared with
short submersion durations (RRs between 0.27°7® and
0.83.37° The 204/217 patients (94.0%) submerged for
short durations had good outcomes compared with the
54/98 (55.1%) who had longer submersion durations.

Intermediate Submersion Intervals (Less Than 10
Minutes).

For the critical outcome of survival with favorable neu-
rological outcome, we identified moderate-certainty
evidence (downgraded for bias, indirectness, and
imprecision; upgraded for dose response) from 9 ob-
servational studies including 2 453 victims of drown-
ing_352,354,355,359,371,372,374,380,381 A” Studies noted an as-
sociation between worse outcomes and prolonged
submersion durations compared with intermediate
submersion durations (RRs between 0.02.3*° and
0.45.3%5372 The 787/1 019 patients (77.2%) submerged
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for intermediate durations had good outcomes com-
pared with the 36/962 (3.7%) who had longer sub-
mersion durations.

For the critical outcome of survival, we identified low-
certainty evidence (downgraded for bias, indirectness
and imprecision; upgraded for dose response) from 2
observational studies*?3#? reporting about 121 victims of
drowning. In the first study,*® 56/73 (77 %) submerged
for less than10 minutes survived compared with none of
the 7 patients who were submerged for more prolonged
periods survived (RR, not estimable; absolute difference,
76.7%; 95% Cl, 39.7%-94.9%). The second study>*?
also noted better survival rates associated with a sub-
mersion duration of less than 10 minutes (46/50 [96%]
survived) compared with submersion duration of more
than 10 minutes (2/5 [40%] survived).3®

Prolonged Submersion Intervals (Less Than 15-25
Minutes).

For the critical outcome of survival with favorable neu-
rological outcome, we identified low-certainty evidence
(downgraded for bias and imprecision, upgraded for
dose response) from 3 observational studies includ-
ing reports of 739 victims of drowning.3°23%4374 |n 1
study (n=398),%* submersion for less than 20 minutes
was associated with better outcomes (289/370 [78%]
compared with 1/27 [4%] survived; RR, 0.05; 95% Cl,
0.01-0.31). The second series®? reported better out-
comes associated with a submersion duration of less
than 25 minutes (68/101 survivors, or a 67% survival
rate) compared with a submersion duration longer than
25 minutes (0/4 survivors, or a 0% survival rate).>* In
the third study, which included hypothermic children in
cardiac arrest, 12/66 (18%) submerged for less than 25
minutes survived compared with 0/39 who were sub-
merged for more than 25 minutes.?”*

For the critical outcome of survival, we identified very-
low-certainty evidence (downgraded for bias, indirect-
ness, and imprecision) from a single study*’® comprising
49 patients. Those with a submersion duration of less than
15 minutes had an overall survival rate of 82% (33/39)
compared with none of the 2 victims whose submersion
duration exceeded 15 minutes (RR, not estimable; abso-
lute difference, 84.6%; 95% Cl, 17.3%-92.8%).

Water Temperature

For the critical outcome of survival with favorable neuro-
logical outcome, we identified very-low-certainty evidence
(downgraded for bias, inconsistency, indirectness, and
imprecision) from 2 studies®*3* including 1254 victims
of drowning. The largest study (n=1094) included all un-
intentional drownings in open waters (lakes, ponds, riv-
ers, ocean) in a single large region, collected from medi-
cal examiners, EMS systems, and all regional hospitals.>*
Water temperatures were measured within a month of
the drowning incident. Univariable analysis according to
temperatures less than or greater than 6°C or less than or
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greater than 16°C did not find any association between
water temperature and neurological survival. Multivari-
able analysis also showed no association between water
temperature and outcome. The second study included 160
children who required resuscitation and were hypothermic
after submersion.3* Water temperatures were estimated
on the basis of the season. Submersion in the winter, with
water temperature estimated as 0°C to 8°C, was associ-
ated with better outcomes than submersion in spring or
summer, with water temperature estimated at 6°C to 28°C
(univariable OR, 4.55; 95% Cl, 1.37-15.09).

For the critical outcome of survival, we identi-
fied very-low-certainty evidence (downgraded for risk
of bias, indirectness, and imprecision) from a single
study*®? including 250 victims of drowning. This study
included only those who had OHCA and received EMS
care, and it included those with intentional (suicide and
homicide) drowning. This study found no relationship
between water temperature less than or greater than
15°C and outcome (RR, 0.94; 95% Cl, 0.34-2.62; ab-
solute difference, 0.36%; 95% Cl, =6.4% to 6.5%).

Witnessed Status

The definition of witnessed compared with unwitnessed
drowning was inconsistently defined in the studies re-
viewed. It was often unclear if the term “witnessed”
related to the submersion or the cardiac arrest.

For the critical outcome of survival with favorable neu-
rological outcome, we found very-low-certainty evidence
(downgraded for indirectness and imprecision) from 3
observational studies®>#3%9#38 inyolving 2 707 patients.
Two studies reported better neurological outcomes as-
sociated with a witness to the event (unadjusted odds
ratio, 16.33 [95% Cl, 5.58-47.77]; AOR, 11.8 [95% (I,
2.84-49.08]*%; and unadjusted odds ratio, 2.6 [95% Cl,
1.69-4.01]; AOR, 3.27 [95% Cl, 2.0-5.36]%%). Neither of
the analyses included submersion duration, which several
studies have reported as an independent predictor.

For the critical outcome of survival, we found low-cer-
tainty evidence (downgraded for risk of bias, indirectness,
and imprecision) from 4 studies®*#3633%43% inyolving 2 857
victims. Two studies®®?3%* were from the same EMS system,
and both used multivariable analysis. The smaller study
(n=255) showed that witnessed status was not associated
with improved survival (RR, 0.55; 95% Cl, 0.17-1.75;
absolute difference, 3%; 95% Cl, =3.1% to 11.2%).3%
However, in the larger subsequent study from that same
EMS system, witnessed status predicted better outcome
(reported univariable analysis: P=0.05; AOR, 2.5; 95% (|,
1.38-4.52).3% Another study®* found no association be-
tween witnessed status and improved survival (RR, 0.82;
95% Cl, 0.26-2.59). A large observational study from Ja-
pan3*® reported an UAOR of 7.38 (95% Cl, 3.81-14.3)
and an AOR of 6.5 (95% Cl, 2.81-15.02) with witnessed
compared with unwitnessed drowning, although the un-
usual population of much older victims, most drowning
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in bathtubs, and a very low rate of favorable outcomes
limited the generalizability of these findings.

Treatment Recommendations

These treatment recommendations are unchanged
from 2015.34 We recommend that submersion dura-
tion be used as a prognostic indicator when making
decisions surrounding search and rescue resource man-
agement/operations (strong recommendation, moder-
ate-certainty evidence).

We suggest against the use of age, EMS response
time, water type (fresh or salt), water temperature,
and witness status when making prognostic decisions
(weak recommendation, very-low-certainty evidence).

We acknowledge that this review excluded excep-
tional and rare case reports that identify good out-
comes after prolonged submersion in icy water.

Justification and Evidence-to-Decision
Framework Highlights
The evidence-to-decision table is included in Supple-
ment Appendix A-15. The 2015 CoSTR benefited from
significant feedback from ILCOR task forces as well as
through public consultation and input from the drown-
ing research and clinical communities.>* In making the
original recommendations, the task force placed prior-
ity on producing simple guidance that may assist those
responsible for managing search and rescue operations.
The public comments highlighted the difficult moral di-
lemmas facing the rescuer in an emotionally charged
and fast-moving environment requiring dynamic risk
assessments that consider the likelihood of a favorable
outcome with the risks posed to those undertaking the
rescue. It must also be noted that there is substantial
difficulty inherent in determining the submersion du-
ration and the bias of studies using it as a predictive
variable. The key finding of the 2015 review was that
submersion durations of less than 10 minutes are as-
sociated with a very high chance of favorable outcome,
and submersion durations more than 25 minutes are
associated with a low chance of favorable outcomes.?#
The findings from the 6 new papers identified in this
update?®0a368370375376.383 gra consistent with the 2015
treatment recommendation.>* The previously identi-
fied limitations of this review (exclusion of factors after
the victim is rescued, for example, bystander CPR383-385;
specialist interventions, such as the use of extracorpo-
real membrane oxygenation®®¢-3%; and the lack of pro-
spective validation of submersion duration as a clinical
decision rule) persist. Similarly, continued reports of
rare survival after prolonged (more than 30 minutes)
submersion3®7:392:3% highlight the need for case-by-case
decisions that balance risk and potential for benefit.

Knowledge Gaps
Submersion duration should be assessed in all future
drowning studies and be part of multivariable analyses.
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To better clarify the value of this predictor, studies
should include all victims rescued from the water and
not only subcategories.

POTENTIAL HARM FROM CPR

Harm From CPR to Victims Not in Cardiac
Arrest (BLS 353: SysRev)

Rationale for Review

Many lay rescuers are reluctant to begin CPR even when
a victim is in cardiac arrest because of concern that de-
livering chest compressions to a person who is not in
cardiac arrest could cause serious harm. Case reports
and case series of serious harm to persons receiving CPR
who are not in cardiac arrest are likely to be published
because they are of general interest to a broad group of
healthcare providers. A lack of reported cases demon-
strating serious harm could strengthen arguments that
desirable effects will far outweigh undesirable effects.
This topic was last reviewed in 2015.34

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

e Population: Adults and children without OHCA

¢ Intervention: Provision of chest compressions from
lay rescuers

e Comparator: No use of chest compressions

e Qutcome: Change in survival with favorable neu-
rological/functional outcome at discharge, 30
days, 60 days, 180 days, and/or 1 year; harm (eg,
rib fracture); complications; major bleeding; risk of
complications (eg, aspiration); survival only at dis-
charge, 30 days, 60 days, 180 days, and/or 1 year,
survival to admission

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) were eli-
gible for inclusion. Unpublished studies (eg, con-
ference abstracts, trial protocols) were excluded.
It was anticipated that there would be insufficient
studies from which to draw a conclusion; case
series and case reports were included in the initial
search.

e Time frame: All years and all languages were
included as long as there was an English abstract;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to October 13, 2019.

Consensus on Science

For the important outcome of harm, we identified
very-low-certainty evidence (downgraded for risk of
bias and imprecision) from 4 observational studies
enrolling 762 patients who were not in cardiac ar-
rest but received CPR by lay rescuers out-of-hospital.

S76  October 20,2020

Adult Basic Life Support: 2020 CoSTR

Three of the studies®*3% reviewed the medical re-
cords to identify harm, and 1 included follow-up tele-
phone interviews.?* Pooled data from the first 3 stud-
ies, encompassing 345 patients, found an incidence
of rhabdomyolysis of 0.3% (n=1), bone fracture (ribs
and clavicle) of 1.7% (95% Cl, 0.4%-3.1%), pain
in the area of chest compression of 8.7% (95% Cl,
5.7%-11.7%), and no clinically relevant visceral inju-
ry. The fourth study®* relied on fire department obser-
vations at the scene; there were no reported injuries
in 417 patients.

Treatment Recommendation

This treatment recommendation is unchanged from
201534 We recommend that lay people initiate CPR for
presumed cardiac arrest without concerns of harm to
patients not in cardiac arrest (strong recommendation,
very-low-certainty evidence).

Justification and Evidence-to-Decision
Framework Highlights

The evidence-to-decision table is included in Supple-
ment Appendix A-16. No change was made to this
treatment recommendation. In continuing to make this
discordant recommendation (strong recommendation
based on very-low-certainty evidence), the BLS Task
Force placed a much higher value on the potential sur-
vival benefits of CPR initiated by lay persons for patients
in cardiac arrest and a lower value on the low risk of
injury to patients not in cardiac arrest. The intention of
this recommendation is to strongly encourage and sup-
port lay rescuers who are willing to initiate CPR in any
setting when they believe someone is in cardiac arrest.
The intention is also to support emergency medical dis-
patchers in their efforts to provide DA-CPR instructions
in suspected cardiac arrest calls.

Knowledge Gaps

e Studies are needed to identify harm and pro-
vide follow-up after hospital discharge. Many of
the conditions prompting initiation of CPR for
persons not in cardiac arrest are associated with
reduced responsiveness and have poor prognoses.
Whether chest compressions and rescue breaths
could accentuate these conditions independent of
physical injury is not known at the present time.

¢ The incidence of chest wall fractures was substan-
tially lower than the incidence reported after CPR
in patients who were in cardiac arrest. This is likely
the result of a shorter duration of CPR (approxi-
mately 6 minutes) initiated by lay persons but
stopped by professional rescuers and the younger
patient age in the studies reviewed. However, it is
possible that the lack of systematic follow-up leads
to under-reporting of these injuries, and additional
research is warranted.

Circulation. 2020;142(suppl 1):541-591. DOI: 10.1161/CIR.0000000000000892
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e Could the accuracy of DA protocol be enhanced
to reduce the frequency of CPR performed on
patients not in cardiac arrest without compromis-
ing the initiation of CPR on patients in cardiac
arrest?

Harm to Rescuers From CPR (BLS 354:
ScopRev)

Rationale for Review

The BLS Task Force prioritized an updated evidence re-
view because this topic had not been reviewed by IL-
COR since 2010, and that review addressed only injury
from CPR to victims who are not in cardiac arrest.'?
This 2020 review focused on any potential harm to
the rescuers during CPR, including harm during chest
compressions, during mouth-to-mouth ventilation, and
with the use of defibrillators.

Summary of Evidence

The complete ScopRev is included in Supplement
Appendix B-5. The review identified 5 experimental
studies and 1 case report published since 2008. The 5
experimental studies reported the perception of rescu-
ers in an experimental setting during shock adminis-
tration for elective cardioversion. In these studies, the
authors also measured current flow and the average
leakage current in different experiments.

Task Force Insights

We identified many gaps in the published literature.
No RCTs were identified that met our inclusion crite-
ria. Most identified studies addressed safety of shock
delivery during chest compressions when rescuers
wore gloves.

Despite limited evidence evaluating rescuer safety,
there was broad agreement within the BLS Task Force
that the lack of published evidence supports the inter-
pretation that CPR is generally safe for rescuers. A few
reports demonstrate the possibility of disease trans-
mission in the course of performing mouth-to-mouth
ventilation. The isolated reports of adverse effects re-
sulting from the widespread and frequent use of CPR
suggest that performing CPR is relatively safe. Delivery
of a defibrillator shock with an AED during BLS is also
safe. The incidence and morbidity of defibrillator-relat-
ed injuries in the rescuers are low.
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The BLS Task Force considers the overall body of new
evidence identified by this ScopRev insufficient to war-
rant a full SysRev. The few reports of harm to rescuers
from performing CPR and defibrillation are support-
ive of general recommendations that lay rescuers may
safely perform CPR and use an AED.

Treatment Recommendation

Evidence supporting rescuer safety during CPR is limit-
ed. The few isolated reports of adverse effects resulting
from the widespread and frequent use of CPR suggest
that performing CPR is relatively safe. Delivery of a defi-
brillator shock with an AED during BLS is also safe. The
incidence and morbidity of defibrillator-related injuries
in the rescuers are low.

TOPICS NOT REVIEWED IN 2020

Topics not reviewed or updated are the following:
e BLS 352: Passive ventilation technique
e BLS 358: Minimizing pauses in chest compressions
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OVERVIEW

The International Consensus on Cardiopulmonary Re-
suscitation (CPR) and Emergency Cardiovascular Care
(ECC) Science With Treatment Recommendations
(CoSTR) is the fourth in a series of annual International
Liaison Committee on Resuscitation (ILCOR) publica-
tions. This 2020 CoSTR for advanced life support (ALS)
includes new topics addressed by systematic reviews
performed within the past 12 months and prioritized
by the ALS Task Force. In addition, it includes updates
of the ALS treatment recommendations that were
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published from 2010 through 2019, as needed, and
were based on additional evidence evaluations. As a
result, this 2020 CoSTR for ALS is the most comprehen-
sive update since 2010. The 3 major types of evidence
evaluation supporting this 2020 publication are the sys-
tematic review (SysRev), the scoping review (ScopRev),
and the evidence update (EvUp).

The SysRev is a rigorous process following strict
methodology to answer a specific question, and each
of these ultimately resulted in generation of the task
force CoSTR included in this publication. The SysRevs
were performed by a Knowledge Synthesis Unit, an Ex-
pert Systematic Reviewer, or by the ALS Task Force, and
many resulted in separate published SysRevs.

To begin the SysRev, the question to be answered
was phrased in terms of the population, interven-
tion, comparator, outcome, study design, time frame
(PICOST) format. The methodology used to identify the
evidence was based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA).°
The approach used to evaluate the evidence was based
on the one proposed by the Grading of Recommen-
dations, Assessment, Development and Evaluation
(GRADE) working group.' Using this approach, the
task force rated as high, moderate, low, or very low
the certainty/confidence in the estimates of effect of an
intervention or assessment across a body of evidence
for each of the predefined outcomes. Randomized con-
trolled trials (RCTs) generally began the analysis as high-
certainty evidence, and observational studies generally
began the analysis as low-certainty evidence; exami-
nation of the evidence by using the GRADE approach
could result in downgrading or upgrading of the cer-
tainty of evidence. For additional information, refer to
“Part 2: Evidence Evaluation Process and Guidelines
Development in this supplement.” "

When we have quoted unchanged treatment rec-
ommendations from the 2010 CoSTR, the language
used differs from that in the GRADE approach because
GRADE was not used before 2015.1213

Draft 2020 CoSTRs for ALS were posted on the
ILCOR website' for public comment between January 3
and January 4, 2020, with comments accepted through
January 18, 2020. These new draft 2020 CoSTR state-
ments for ALS were viewed a total of 4205 times with
11 comments received.

This summary statement contains the final word-
ing of the CoSTR statements as approved by the
ILCOR task forces and by the ILCOR member councils
after review and consideration of comments posted
online in response to the draft 2020 CoSTRs. Within
this publication, each topic includes the PICOST as well
as the CoSTR, an expanded Justification and Evidence-
to-Decision Framework Highlights section, and a list of
knowledge gaps requiring future research studies. An
evidence-to-decision table is included for each CoSTR
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in Appendix A in the Supplemental Materials of this
publication.

The second major type of evidence evaluation
performed to support this 2020 CoSTR for ALS is a
ScopReyv, which identifies the extent, range, and nature
of evidence on a topic or a question. The ScopRevs were
performed by topic experts in consultation with the
ALS Task Force. The task force analyzed the identified
evidence and determined its value and implications for
resuscitation practice or research. The rationale for the
ScopRey, the summary of evidence, and task force in-
sights are all highlighted in the body of this publication.
The most recent treatment recommendation is includ-
ed. The task force notes whether the ScopRev identi-
fied substantive evidence that may result in a change in
ILCOR treatment recommendations. If sufficient evi-
dence was identified, the task force suggested consid-
eration of a future systematic review to supply suffi-
cient detail to support the development of an updated
CoSTR. All ScopRevs are included in their entirety in
Appendix B in the Supplemental Materials of this pub-
lication.

The third type of evidence evaluation supporting this
2020 CoSTR for ALS is an EvUp. EvUps are generally
performed for topics previously reviewed by ILCOR to
identify new studies published after the most recent
ILCOR evidence evaluation, typically through use of
search terms and methodologies from previous reviews.
These EvUps were performed by task force members,
collaborating experts, or by members of council writing
groups. The EvUps are cited in the body of this publica-
tion with reiteration of the original PICOST (if available)
and a note as to whether the evidence suggested the
need to consider a SysRev; the existing ILCOR treat-
ment recommendation is quoted. In this publication,
no change in ILCOR treatment recommendations re-
sulted from an EvUp; if substantial new evidence was
identified, the task force recommended consideration
of a SysRev. All EvUps are included in Appendix C in the
Supplemental Materials of this publication.

The ALS Task Force considered the availability of
new evidence as well as the evidence needed to cre-
ate, confirm, or revise treatment recommendations.
The chapter topics are organized in sections according
to the approximate order of the steps of resuscitation,
postresuscitation care, and prognostication. For each
reviewed topic, the method of review (SysRev, ScopRev,
EvUp) is clearly labeled, with links to the relevant review
documents in the Appendix.

TOPICS REVIEWED IN THIS 2020
ALS CoSTR

Note: As indicated above, the ALS CoSTR evidence re-
views were all completed by January 18, 2020. As a
result, this document does not address the topic of
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potential influence of coronavirus disease 2019 (COV-
ID-19) on resuscitation practice. In the spring of 2020, an
ILCOR writing group was assembled to identify and eval-
uate the published evidence regarding risks of aerosol
generation and infection transmission during attempted
resuscitation of adults, children, and infants. This group
developed a consensus on science with treatment rec-
ommendations and task force insights. This statement
is published as a separate document.”™ As new evidence
emerges, the ILCOR task forces will review and update
this statement, so the reader is referred to the ILCOR
website' for the most up-to-date recommendations.

Defibrillation Strategies for Ventricular Fibrillation or
Pulseless Ventricular Tachycardia
e Anticipatory defibrillator charging (ALS 2001:
ScopRev)
¢ Double sequential defibrillation (ALS 2003: SysRev)
e Automated external defibrillator versus manual
defibrillator (ALS 495: EvUp)
e Waveform analysis for predicting successful defi-
brillation (ALS 601: EvUp)

Airway, Oxygenation, and Ventilation During CPR

e Airway management during cardiac arrest (ALS
576, 783, 432, 496, 711, 714: 2019 SysRey,
CoSTR update)

e Confirmation of correct tracheal tube placement
(ALS 469: EvUp)

e Oxygen dose during CPR (ALS 889: EvUp)

e Automatic ventilators versus manual ventilation
during CPR (ALS 490: EvUp)

Circulatory Support During CPR
e ECPR versus manual or mechanical CPR (ALS 723:
2018 SysRev, 2019 CoSTR)

Physiological Monitoring During CPR
e Monitoring physiological parameters during CPR (ALS
656: Adopted From Pediatric Task Force ScopRev)

Drugs During CPR, Including Timing of
Administration
¢ Vasopressors during cardiac arrest (ALS 788, 659,
789, 784, 778: 2019 SysRev, CoSTR)
e Antiarrhythmic drugs for cardiac arrest (ALS 428,
493: 2018 SysRev, CoSTR)
¢ Intravenous versus intraosseous drug delivery (ALS
2046: SysRev)
e Steroids during cardiac arrest (ALS 433: EvUp)
¢ Buffering agents for cardiac arrest (ALS 483: EvUp)
e Drugs for torsades de pointes (ALS 457: EvUp)

Intra-arrest Prognostication
e Point-of-care echocardiography for prognostica-
tion during CPR (ALS 658: SysRev)
* ETCO, to predict outcome of cardiac arrest (ALS
459: EvUp)
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Cardiac Arrest in Special Circumstances
e Cardiac arrest associated with pulmonary embo-
lism (ALS 435, 581: SysRev)
e Cardiac arrest in pregnancy (ALS 436: EvUp)
¢ Opioid toxicity (ALS 441: EvUp)

Postresuscitation Care

e Oxygen dose after return of spontaneous circula-
tion (ROSC) in adults (ALS 448: SysRev)

¢ \entilation strategy after ROSC in adults (ALS 571:
SysRev)

e Postresuscitation hemodynamic support (ALS 570:
EvUp)

e Postresuscitation steroids (ALS 446: EvUp)

e Prophylactic antibiotics after cardiac arrest (ALS
2000: SysRev)

e Post—cardiac arrest seizure prophylaxis and treat-
ment (ALS 431, 868: SysRev)

e Targeted temperature management (ALS 455,
790, 791, 802, 879: EvUp)

Prognostication in Comatose Patients After Resus-
citation From Cardiac Arrest
e Clinical examination for prognostication (ALS 450,
713, 487: SysRev)
¢ Neurophysiological tests for prognostication (ALS
450, 713, 460: SysRev)
¢ Blood biomarkers for prognostication (ALS 450,
713, 484: SysRev)
¢ Imaging for prognostication (ALS 450, 713, 458:
SysRev)

DEFIBRILLATION STRATEGIES
FOR VENTRICULAR FIBRILLATION
OR PULSELESS VENTRICULAR
TACHYCARDIA

The task force restricted its review to 2 new topics that
were based on trends in current clinical practice. These
deal primarily with manual defibrillation in adults. The
CoSTRs for the use of automated external defibrillators
for adults can be found in Adult Basic Life Support, and
for infants and children in Pediatric Life Support.

Anticipatory Defibrillator Charging
(ALS 2001: ScopRev)

Rationale for Review

This topic was chosen because the timing of the rhythm
check in relation to manual defibrillator charging varies
by country and region. The standard method described
in the 2010 American Heart Association Guidelines for
CPR and ECC' and the 2015 European Resuscitation
Guidelines'’ consists of briefly pausing compressions to
analyze the rhythm then resuming compressions while
charging the defibrillator, then pausing compressions
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briefly to deliver the shock. With the anticipatory meth-
od, the defibrillator is charged near the end of a com-
pression cycle but before the rhythm is checked; then,
compressions are paused briefly both to analyze the
rhythm and deliver a shock. The ScopRev methodology
was chosen given the limited published evidence.'®

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

e Population: Adults with cardiac arrest in any set-
ting (in-hospital or out-of-hospital)

e Intervention: Charging the defibrillator before
rhythm analysis during manual defibrillation

e Comparator: Charging the defibrillator after
rhythm analysis during manual defibrillation

e Qutcome: Survival with favorable neurological/
functional outcome at discharge, 30 days, 60 days,
180 days, and/or 1 year; survival only at discharge,
30 days, 60 days, 180 days, and/or 1 year; ROSC
were defined as critical or important outcomes.
Other outcomes were termination of arrhythmia,
defibrillation success, preshock pause, postshock
pause, perishock pause, hands-off time, hands-on
time, compression fraction, inappropriate shocks,
shocks during chest compression (shock to res-
cuer), or any other defibrillation measure.

e Study design: Human and manikin studies were
included. RCTs and nonrandomized studies (non-
RCTs, interrupted time series, controlled before-
and-after studies, cohort studies) were eligible
for inclusion. Unpublished studies (eg, conference
abstracts, trial protocols) were excluded. In addi-
tion, gray literature (evidence not published in tra-
ditional journals) was included in this ScopRev.'%20

¢ Time frame: All years and languages were included.
Studies without a title in English were excluded.
MEDLINE, Embase, and Cochrane databases were
updated to October 7, 2019.

Summary of Evidence

We identified no clinical studies addressing the critical or
important outcomes specified in the PICOST question.
Three manikin and 1 multicenter retrospective human
study were identified. In the only human study,?' both
methods resulted in relatively short pre- and postshock
pauses, whereas anticipatory charging was associated
with a shorter total hands-off time in the 30 seconds
preceding shock delivery. The results of the 3 manikin
studies showed reduced overall pause duration during
the compression cycle, but increased pre, post, and per-
ishock pause duration with anticipatory charging.?2-24

Task Force Insights

The ScopRev is included in Supplement Appendix B-1.
The task force noted that although anticipatory charg-
ing can reduce overall chest compression pause dura-
tion during the compression cycle, it can increase pre,
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post, and perishock pause duration. The clinical rele-
vance of these findings is undetermined. Further high-
quality evidence is required to evaluate the relative im-
portance of the different types of pause duration for
critical and important patient outcomes, and the role of
new defibrillator technologies and methods. There are
insufficient data for a SysRev to be of use at this time.

Treatment Recommendation

There was no treatment recommendation on timing of
defibrillator charging previously, and in the absence of
sufficient evidence, none was added.

Double Sequential Defibrillation
(ALS 2003: SysRev)

Rationale for Review

This is a new topic in response to the increasing use
of double (dual) sequential defibrillation (DSD). At least
20% of patients with ventricular fibrillation (VF)/pulse-
less ventricular tachycardia (pVT) will remain in a shock-
able rhythm after 3 shocks.?>28 Survival decreases as the
number of defibrillation attempts required increases.
DSD, or the use of 2 defibrillators to deliver 2 overlap-
ping shocks or 2 rapid sequential shocks, one with stan-
dard pad placement and the other with either antero-
posterior or additional anterolateral pad placement, has
been suggested as a possible means of increasing VF
termination rates.

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

e Population: Adults with cardiac arrest in any set-
ting (in-hospital or out-of-hospital) with a shock-
able rhythm

e Intervention: DSD

e Comparator: Standard defibrillation

e Qutcome: Favorable neurological outcome at hos-
pital discharge, survival to hospital discharge or
admission, ROSC, or termination of VF

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies with 5
patients or more) are eligible for inclusion.

e Time frame: There was no date restriction, and the
literature search was updated to September 27,
2019.

e International Prospective Register of Systematic
Reviews (PROSPERO) Registration: CRD42020152575

Consensus on Science

For the critical outcomes of survival with favorable
neurological outcome?*-3' and survival to hospital dis-
charge?-3* and the important outcomes of survival to
hospital admission,?°3%3233 ROSC,?*3> and termination
of VF3'343 we identified only observational studies.
The overall certainty of evidence was rated as very low
for all outcomes, primarily because of a very serious risk
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of bias. The individual studies were all at a critical or
serious risk of bias because of confounding (due to in-
adequate adjustment for cardiac arrest characteristics
and other factors). Because of this and a high degree of
heterogeneity, no meta-analyses could be performed,
and individual studies were difficult to interpret.*

Treatment Recommendation

We suggest against routine use of a DSD strategy in
comparison with a standard defibrillation strategy for
cardiac arrest with a shockable rhythm (weak recom-
mendation, very low-certainty evidence).

Justification and Evidence-to-Decision
Framework Highlights

The evidence-to-decision table is included in Supple-
ment Appendix A-1. There is no strong evidence to
favor one intervention compared with the other. The
evidence available (very low certainty) suggests lower
rates of survival and neurological outcome for patients
treated with DSD, but any odds ratios (ORs) or other
results reported are difficult to interpret given the very
high risk of bias.*® There is no consensus standardized
approach to double defibrillation, in that a double-dose
strategy could be 2 overlapping shocks or 2 sequential
shocks. The ALS Task Force discussed whether any po-
tential benefit might arise from increased shock energy,
the fact that 2 shocks were delivered sequentially, dif-
ferent pad placement and vector for the second shock,
or some other reason. The task force is aware of re-
cently published data from a small pilot RCT compar-
ing standard defibrillation to DSD (adding a second set
of defibrillator pads in the anteroposterior position) or
to vector change defibrillation (replacing anterolateral
pads with anteroposterior pads).?” The study found dif-
ferences in VF termination (DSD 76%, vector change
82%, and standard placement 66%) and ROSC (DSD
40%, vector change 39%, and standard defibrillation
25%). This pilot RCT was not designed to formally test
differences between the groups, and no survival data
were reported. These results have informed a larger,
ongoing RCT (NCT04080986) that will provide further
data about DSD.

Implementation of DSD requires training of staff and
availability of defibrillators. It is important to monitor the
intervention to determine effectiveness, and to track ad-
verse events such as harm to the patient, defibrillator
damage, and the increase in resource utilization.

Knowledge Gap
e High-quality studies comparing DSD with standard
defibrillation in terms of survival and neurological
outcome at hospital discharge
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Automated External Defibrillator Versus
Manual Defibrillator (ALS 495: EvUp)

Population, Intervention, Comparator, and
Outcome

e Population: Adults who are in cardiac arrest in any
setting (in-hospital or out-of-hospital)

¢ Intervention: Use of an automated external defi-
brillator or a multifunctional defibrillator in auto-
matic mode

e Comparator: Standard resuscitation (using a man-
ual defibrillator)

e Qutcome: Favorable neurological outcome at hos-
pital discharge, survival to hospital discharge or
admission, ROSC, or termination of VF

¢ This topic was last reviewed in 2010.434* The evi-
dence update is included in Supplement Appendix
C-1 and the search conducted was limited to
January 2008 to December 2019. We identified 5
observational studies (only 2 of which included a
comparison group) and no randomized trials.?#
After consideration, a SysRev was not suggested.

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2010.4344

No significant survival differences have been dem-
onstrated between defibrillation in semiautomatic and
manual modes during out-of-hospital or in-hospital re-
suscitation; however, the semiautomatic mode is pre-
ferred because it is easier to use and may deliver fewer
inappropriate shocks.

Trained personnel may deliver defibrillation in manu-
al mode. Use of the manual mode enables chest com-
pressions to be continued during charging, thereby
minimizing the preshock pause. When using the defi-
brillator in manual mode, frequent team training and
ECG recognition skills are essential.

The defibrillation mode that results in the best out-
come will be influenced by the system of care and by
provider skills, training, and ECG recognition.

Waveform Analysis for Predicting
Successful Defibrillation (ALS 601: EvUp)

Population, Intervention, Comparator, and
Outcome
e Population: Adults with cardiac arrest in any setting
(in-hospital or out-of-hospital)
¢ Intervention: Use of techniques for prediction of
the likelihood of success of defibrillation (analysis
of VF, etc)
e Comparator: Standard resuscitation (without such
prediction)
e Qutcome: Survival with favorable neurological/
functional outcome at discharge, 30 days, 60 days,
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180 days, and/or 1 year; survival only at discharge,
30 days, 60 days, 180 days, and/or 1 year; ROSC;
termination of VF

e This topic was last reviewed in 2010.44 Two
EvUps were completed for 2020 and are included
in Supplement Appendix C-2a and C-2b. The evi-
dence updates restricted the search to January
2008 to January 2020 and identified one large
RCT conducted in 2013% and 20 observational
studies.*®%> In addition, there is an ongoing mul-
ticenter RCT of real-time amplitude spectrum area
to guide defibrillation (NCT03237910). Although
the VF waveform analyses and outcomes studied
were highly heterogeneous, given the amount of
data available, an updated SysRev was suggested.

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2010.4344

There is insufficient evidence to support routine use
of VF waveform analysis to guide defibrillation manage-
ment in adult cardiac arrest in- or out-of-hospital.

AIRWAY, OXYGENATION, AND
VENTILATION DURING CPR

Airway Management During Cardiac
Arrest (ALS 576, 783, 432, 496, 711, 714:
2019 SysRev, CoSTR Update)

Airway management during cardiac arrest was ad-
dressed by a 2019 SysRev®® and a 2019 CoSTR summa-
ry.23 Consensus on science, justification and evidence-
to-decision highlights, and knowledge gaps can be
found in the 2019 CoSTR summary.?3

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults with cardiac arrest from
any cause and in any setting (in-hospital or
out-of-hospital)
¢ Intervention: A specific advanced airway manage-
ment method (eg, tracheal intubation or a supra-
glottic airway) during cardiac arrest
e Comparator: A different advanced airway man-
agement method or no advanced airway manage-
ment method (eg, bag-mask ventilation) during
cardiac arrest
e Outcome: ROSC, survival, or survival with favor-
able neurological outcome at discharge/28 days or
longer
e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) that com-
pared at least 2 airway strategies were eligible
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for inclusion. Studies with 10 or fewer patients in
either group were excluded.

¢ Time frame: All years and languages were included;
unpublished studies (eg, conference abstracts, trial
protocols) were excluded. The literature search
was updated to October 30, 2018.

Treatment Recommendations

We suggest using bag-mask ventilation or an advanced
airway strategy during CPR for adults with cardiac ar-
rest in any setting (weak recommendation, low to mod-
erate certainty of evidence).

If an advanced airway is used, we suggest a supra-
glottic airway for adults with out-of-hospital cardiac
arrest (OHCA) in settings with a low tracheal intuba-
tion success rate (weak recommendation, low-certainty
evidence).

If an advanced airway is used, we suggest a supra-
glottic airway or tracheal intubation for adults with
OHCA in settings with a high tracheal intubation suc-
cess rate (weak recommendation, very low-certainty
evidence).

If an advanced airway is used, we suggest a supra-
glottic airway or tracheal intubation for adults with in-
hospital cardiac arrest (IHCA) (weak recommendation,
very low-certainty evidence).??

Confirmation of Correct Tracheal Tube
Placement (ALS 469: EvUp)

Population, Intervention, Comparator, and
Outcome
e Population: Adults with cardiac arrest in any set-
ting (in-hospital or out-of-hospital) requiring tra-
cheal intubation
¢ Intervention: Use of devices (eg, waveform cap-
nography, CO, detection device, esophageal
detector device, or tracheal ultrasound)
e Comparator: Not using these devices
e Qutcome: Tracheal intubation success
e This topic was last reviewed in 2015."7 This EvUp is
included in Supplement Appendix C-3. An updated
SysRev was not considered necessary.

Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2015.17

We recommend using waveform capnography to
confirm and continuously monitor the position of a tra-
cheal tube during CPR in addition to clinical assessment
(strong recommendation, low-quality evidence).

We recommend that if waveform capnography is
not available, a nonwaveform CO, detector, esopha-
geal detector device, or ultrasound in addition to clini-
cal assessment is an alternative (strong recommenda-
tion, low-quality evidence)."”
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Oxygen Dose During CPR (ALS 889: EvUp)

Population, Intervention, Comparator, and
Outcome

e Population: Adults with cardiac arrest in any set-
ting (in-hospital or out-of-hospital)

¢ Intervention: Administering a maximal oxygen
concentration (eg, 100% by face mask or closed
circuit)

e Comparator: No supplemental oxygen (room air)
or an alternative supplemental oxygen concentra-
tion (eg, 40% to 50%)

e Qutcome: Survival with favorable neurological/
functional outcome at discharge, 30 days, 60 days,
180 days, and/or 1 year; survival only at discharge,
30 days, 60 days, 180 days, and/or 1 year; ROSC

e This topic was last reviewed in 2015."7 This EvUp
is included in Supplement Appendix C-4 and the
search was conducted from October 30, 2013, to
December 2, 2019. The search identified 2 obser-
vational studies relevant to this topic published
since 2015.%7%8 There are no adult studies of oxy-
gen titration during CPR. An updated SysRev was
not considered necessary.

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015."7

We suggest using the highest possible inspired oxy-
gen concentration during CPR (weak recommendation,
very low-certainty evidence).

Automatic Ventilators Versus Manual
Ventilation During CPR (ALS 490: EvUp)

Population, Intervention, Comparator, and
Outcome
e Population: Adults and children in cardiac arrest
in any setting (in-hospital or out-of-hospital) and
who have advanced airways in place
¢ Intervention: The use of automatic ventilators
e Comparator: Use of manual ventilation
e Qutcome: Ventilation, oxygenation,
time, continuous compressions, survival
e This topic was last reviewed in 2010.58 An evidence
update is included in Supplement Appendix C-5. A
search restricted to January 1, 2008, to December
7, 2019, identified 1 very small RCT and 3 observa-
tional studies.®*72 An updated SysRev was not con-
sidered necessary.

hands-off

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2010.58

There is insufficient evidence to support or refute the
use of an automatic transport ventilator over manual
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ventilation during resuscitation of the cardiac arrest vic-
tim with an advanced airway.

CIRCULATORY SUPPORT DURING CPR

ECPR Versus Manual or Mechanical CPR
(ALS 723: 2018 SysRev, 2019 CoSTR)

Extracorporeal CPR (ECPR) was addressed by a 2018
SysRev’? and a 2019 published CoSTR summary.>* Con-
sensus on Science, Values, Preferences, and Task Force
Insights and Knowledge Gaps can be found in the 2019
CoSTR summary.?3

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

e Population: Adults (18 years or older) and children
(younger than 18 years) with cardiac arrest in any
setting (in-hospital or out-of-hospital)

e Intervention: ECPR, including extracorporeal mem-
brane oxygenation or cardiopulmonary bypass,
during cardiac arrest

e Comparator: Manual CPR and/or mechanical CPR

e Qutcome: Short-term survival and neurological
outcomes (eg, hospital discharge, 28 days, 30
days, and 1 month) and long-term survival and
neurological outcomes (eg, 3 months, 6 months,
and 1 year)

e Study design: Randomized trials, non-RCTs, and
observational studies (cohort studies and case-con-
trol studies) with a control group were included.
Animal studies, ecological studies, case series, case
reports, reviews, abstracts, editorials, comments,
and letters to the editor were not included.

e Time frame: All years and languages were included
up to May 22, 2018.

Treatment Recommendations

We suggest that ECPR may be considered as a rescue
therapy for selected patients with cardiac arrest when
conventional CPR is failing in settings in which it can
be implemented (weak recommendation, very low-cer-
tainty evidence).??

PHYSIOLOGICAL MONITORING
DURING CPR

The ability to monitor physiological variables and tailor
ALS interventions to the patient’s precise physiological

state is appealing and hence the ongoing interest in
this area.
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Monitoring Physiological Parameters
During CPR (ALS 656: Adopted From
Pediatric Task Force ScopRev)

Rationale for Review

Physiological monitoring during CPR, including mea-
surement of end-tidal CO, (ETCO,) and arterial blood
pressure among other parameters, is growing in popu-
larity. There is limited evidence to-date on whether use
of such parameters improves outcomes. This topic was
last updated in 2015."7 A Pediatric Task Force ScopRev
of physiological monitoring during CPR for 2020 also
included review of the adult evidence. The adult por-
tion of the ScopRev was included in this update.

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

e Population: Adults who are in cardiac arrest in any
setting (in-hospital or out-of-hospital)

¢ Intervention: The use of physiological feedback in
regard to CPR quality (eg, arterial catheter, ETCO,
monitoring, Spo, waveforms, or others)

e Comparator: No use of physiological feedback

e Qutcome: Survival with favorable neurological/
functional outcome at discharge, 30 days, 60 days,
180 days, and/or 1 year; survival only at discharge,
30 days, 60 days, 180 days, and/or 1 year; ROSC

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies). If it is
anticipated that there will be insufficient studies
from which to draw a conclusion, case series may
be included. The minimum number of cases for
a case series to be included was set by the task-
force at 5. Unpublished studies (eg, conference
abstracts, trial protocols) are excluded.

e Time frame: For Step 1, all languages are included
if there is an English abstract. We searched arti-
cles from 2015 onward. For Step 2, if a SysRev or
ScopRev of high quality (as per AMSTAR 2 tool:
https://amstar.ca/Amstar-2.php) is identified, the
search can be limited to beyond data and/or scope
of that review.

Summary of Evidence

ETCO, or Arterial Blood Pressure Monitoring

The ScopRev is included in Supplement Appendix
B-2a and 2b. We identified 1 observational propensi-
ty-matched cohort study of adult IHCA by using data
from the AHA Get With the Guidelines-Resuscitation
registry.”* In this study, 3032 physiologically monitored
patients (either by ETCO, or arterial catheter) were
compared with 6064 patients without such monitor-
ing. Those monitored showed a higher rate of ROSC
(OR, 1.22 [95% Cl, 1.04; 1.43]) but not survival to dis-
charge (OR, 1.04 [95% Cl, 0.91; 1.18]) nor survival with
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favorable neurological outcome. The study did not spe-
cifically look at diastolic blood pressure. Even when an
arterial catheter was in place, only about one third re-
ported using the diastolic blood pressure to guide their
CPR efforts.

Near-Infrared Spectroscopy
The ScopRev is included in Supplement Appendix B-2c.
Two SysRevs were identified; the latest was published in
2018 and comprised studies published before February
2017. The SysRevs concluded that a higher cerebral oxy-
gensaturation measured with near-infrared spectroscopy
(NIRS) is associated with a higher chance of ROSC and
survival and a lower NIRS is associated with an increased
mortality.”>’® However, there is no consensus on spe-
cific thresholds of cerebral oxygen saturation.”® There
was a wide overlap of mean or median cerebral oxygen
saturation values between patients with and without
ROSC, and this was also reflected in the cohort stud-
ies.””~7% Only 1 observational study® compared the rates
of ROSC with and without NIRS monitoring and found
no difference between the groups. All other studies
compared NIRS values in patients who achieved ROSC
with those without ROSC. Many different NIRS devices
with noninterchangeable saturation indices were used
across the studies, complicating comparisons.®’ The
findings of the observational studies published since
February 2017 correlate with those published in both
SysRevs.

The ScopRev did not suggest the existence of suf-
ficient new data to proceed to a SysRev.

Task Force Insights

Physiological monitoring during CPR is increasingly
popular and potentially useful for both outcome pre-
diction and real-time improvement in CPR quality. The
heterogeneity and observational nature of available
studies continues to limit the task force’s ability to make
specific recommendations. The 2015 treatment recom-
mendation is therefore unchanged."’

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015."7

We make no treatment recommendation for any
particular physiological measure to guide CPR because
the available evidence would make any estimate of ef-
fect speculative.

DRUGS DURING CPR, INCLUDING
TIMING OF ADMINISTRATION

Since the 2015 CoSTR, there have been RCTs of antiar-
rhythmics and vasopressors during CPR®8 and subse-

quent publications comparing the intravenous (V) and
intraosseous (I0) route for drugs.8+8
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Vasopressors During Cardiac Arrest
(ALS 788, 659, 789, 784, 778: 2019
SysRev, 2019 CoSTR)

The topic of vasopressors during cardiac arrest was
addressed by a 2019 SysRev®® and a published CoSTR
summary. Consensus on science, justification and evi-
dence to decision highlights, and knowledge gaps can
be found in the 2019 CoSTR summary.?3

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

e Population: Adults (older than 18 years) with
cardiac arrest in any setting (in-hospital or
out-of-hospital)

e Intervention: Any vasopressor or combination of
vasopressors provided intravenously or intraosse-
ously during CPR

e Comparator: No vasopressor, a different vasopres-
sor, or a combination of vasopressors provided
intravenously or intraosseously during CPR

e Qutcome: Short-term survival (ROSC and survival
to hospital admission), midterm survival (sur-
vival to hospital discharge, 28 days, 30 days, or 1
month), midterm favorable neurological outcomes
(Cerebral Performance Category [CPC] 1-2 or
modified Rankin Scale [mRS] score 0-3 at hospi-
tal discharge, 28 days, 30 days, or 1 month), and
long-term unfavorable and poor (mRS score 4-5)
neurological outcomes (after 1 month)

e Study design: Randomized trials, nonrandomized
trials, and observational studies (cohort and case-
control studies) with a comparison group were
included.

e Time frame: All years and languages were included
if there was an English abstract to November 23,
2018.

Treatment Recommendations

We recommend administration of epinephrine during
CPR (strong recommendation, low to moderate cer-
tainty of evidence).

For nonshockable rhythms (pulseless electric activity/
asystole), we recommend administration of epineph-
rine as soon as feasible during CPR (strong recommen-
dation, very low-certainty evidence).

For shockable rhythms (VF/pVT), we suggest admin-
istration of epinephrine after initial defibrillation at-
tempts are unsuccessful during CPR (weak recommen-
dation, very low-certainty evidence).

We suggest against the administration of vasopres-
sin in place of epinephrine during CPR (weak recom-
mendation, very low-certainty evidence).

We suggest against the addition of vasopressin to
epinephrine during CPR (weak recommendation, low-
certainty evidence).??
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Additional Task Force Commentary

Concerns have been expressed about epinephrine in-
creasing the number of survivors with unfavorable neu-
rological outcome in the PARAMEDIC2 trial (Pre-Hospi-
tal Assessment of the Role of Adrenaline: Measuring the
Effectiveness of Drug Administration in Cardiac Arrest).
The opinion of the ALS Task Force, however, is that any
drug that increases the rate of ROSC and survival, but is
given after several minutes of cardiac arrest when some
degree of neurological damage may already have oc-
curred, will likely increase the number of survivors with
both favorable and unfavorable neurological outcome.
Determining the likelihood of favorable or unfavorable
neurological outcome at the time of starting resuscita-
tion is currently not feasible. Therefore, the task force
consensus is that continuing to use a drug that increases
survival and focusing efforts on providing earlier CPR,
earlier drug administration, and improved postresuscita-
tion care for all patients is likely to increase survival with
a favorable neurological outcome.

Antiarrhythmic Drugs for Cardiac Arrest
(ALS 428, 493: 2018 SysRev, CoSTR)

This topic was addressed by a 2018 SysRev®” and a pub-
lished 2018 CoSTR summary.*> Consensus on Science,
Values and Preferences, Task Force Insights, and Knowl-
edge Gaps can be found in the 2018 CoSTR summary.*>

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

e Population: Adults and children in cardiac arrest
in any setting (in-hospital or out-of-hospital) and
a shockable rhythm at any time during CPR or
immediately after ROSC

e Intervention: Administration (intravenously or
intraosseously) of an antiarrhythmic drug during
CPR or immediately (within 1 hour) after ROSC

e Comparator: Administration of another anti-
arrhythmic drug or placebo or no drug during CPR
or immediately after ROSC

e Qutcome: Survival to hospital discharge with good
neurologic outcome and survival to hospital dis-
charge were ranked as critical outcomes. ROSC
was ranked as an important outcome. For antiar-
rhythmic drugs after ROSC, rearrest was included
as an important outcome.

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) are eli-
gible for inclusion.

¢ Time frame: All years and languages were included
if there was an English abstract; unpublished stud-
ies (eg, conference abstracts, trial protocols) were
excluded. The literature search was updated to
August 15, 2017.
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Treatment Recommendations

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

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

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

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

IV Versus 10 Drug Delivery (ALS 2046:
SysRev)

Rationale for Review

This is a new ALS question that was based on the in-
creasing use of 10 access during adult resuscitation. It
can often be difficult to obtain IV access, especially in
the prehospital setting. 10 access as an alternative to IV
access is increasingly used during cardiac arrest. How-
ever, whether drugs are as effective when administered
intraosseously versus intravenously is unknown. This
2020 CoSTR is informed by a 2020 SysRev.

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

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

e Intervention: Placement of an IO cannula and drug
administration through this 10 during cardiac arrest

e Comparator: Placement of an IV cannula and drug
administration through this IV during cardiac arrest

e Qutcome: ROSC, or survival/survival with a favor-
able neurological outcome at hospital discharge,
30 days, or longer

e Study design: Randomized trials, non-RCTs, and
observational studies (cohort studies and case-
control studies) comparing 10 with IV admin-
istration of drugs were included. Randomized
trials assessing the effect of specific drugs (ie,
epinephrine and amiodarone/lidocaine) in sub-
groups related to 10 versus IV administration were
also included. Ecological studies, case series, case
reports, reviews, abstracts, editorials, comments,
letters to the editor, and unpublished studies were
not included. Studies assessing cost-effectiveness
were included for a descriptive summary.

e Time frame: The literature search was per-
formed on September 12, 2019, and updated on
December 17, 2019, with no date restrictions.

e PROSPERO Registration: CRD42020150877
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Consensus on Science

For the important outcome of ROSC, we identified very
low-certainty evidence (downgraded for risk of bias
and inconsistency) from 4 observational studies®-? in-
cluding 70419 adults with OHCA, demonstrating an
association of worse outcomes with the use of 10 ac-
cess when compared with IV access (adjusted OR, 0.72
[95% Cl, 0.68-0.76]; P<0.00001; absolute risk differ-
ence, -6.1% [95% Cl, =7.1 to =5.2] or 61 fewer per
1000 cardiac arrests had ROSC with 10 access com-
pared with IV access [95% Cl, 71 fewer to 52 fewer]).

For the critical outcome of survival to hospital dis-
charge, we identified very low-certainty evidence
(downgraded for risk of bias and inconsistency) from
4 observational studies®*? including 70419 adult
OHCAs, demonstrating an association of worse out-
comes with the use of |0 access when compared with
IV access (adjusted OR, 0.71 [95% Cl, 0.63-0.79];
P<0.00001; absolute risk difference, —2.0% [95% ClI,
—2.5to —1.4] or 20 fewer per 1000 cardiac arrests with
survival to hospital discharge with use of 10 access com-
pared with IV access [95% Cl, 25 fewer to 14 fewer]).

For the critical outcome of survival to hospital dis-
charge with a favorable neurological outcome, we identi-
fied very low-certainty evidence (downgraded for risk of
bias and inconsistency) from 3 observational studies®®°1:%2
including 68619 adult OHCAs, demonstrating an associ-
ation of worse outcomes with the use of 10 access when
compared with IV access (adjusted OR, 0.60 [95% Cl,
0.52-0.69]; P<0.00001; absolute risk difference, —=1.9%
[95% Cl, —2.3 to —1.5] or 19 fewer per 1000 cardiac ar-
rests with survival to hospital discharge with a favorable
neurological outcome with use of 10 access compared
with IV access [95% Cl, 23 fewer to 15 fewer]).

In addition to these findings from observational
studies, we identified 2 RCTs of drug administration
during cardiac arrest that performed subgroup analyses
according to 10 versus IV route of administration 88>
None of the comparisons showed statistically signifi-
cant effect modification. The point estimates generally
favored IV access as compared with 10 access, except
for the outcome of ROSC in the PARAMEDIC2 trial
where the effect of epinephrine was similar when given
IV or 10. These 2 trials were underpowered to assess
such interactions for any outcomes other than ROSC.

Treatment Recommendations

We suggest IV access as compared with IO access as
the first attempt for drug administration during adult
cardiac arrest (weak recommendation, very low-cer-
tainty evidence).

If attempts at IV access are unsuccessful or IV access
is not feasible, we suggest 10 access as a route for drug
administration during adult cardiac arrest (weak recom-
mendation, very low-certainty evidence).
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Justification and Evidence-to-Decision
Framework Highlights
The evidence-to-decision table is included in Supple-

ment Appendix A-2. Although the overall certainty in

the evidence is very low, the current evidence suggests
that outcomes might be better with IV versus IO drug
administration. The task force discussed the possibil-

ity of unaccounted-for confounders in comparing pa-

tients for whom an IV could be obtained with those
who required 10 placement for access. The task force
also discussed that 2015 council guidelines suggest
that 10 access should be used only if IV access is “dif-
ficult or impossible”'” or “not readily available.”** The

included studies did not enable meaningful analyses of

specific subgroups. The documented 10 site was pri-

marily tibial, but the site was often not documented.

As such, no statements can be made about difference

between tibial and humeral (or other) IO sites. All stud-
ies were conducted in OHCA patients. Although IHCA
patients are likely to have existing IV access, this is not
universally true. Although there might be differences
in provider skills and patient characteristics between

OHCA and IHCA, we consider it unlikely that these
would lead to substantial effect modification. As such,
the above recommendations apply to both IHCA and
OHCA.

Knowledge Gap

e The overall certainty in the evidence is very low. As
such, there is clinical equipoise for additional tri-
als related to IV versus IO drug administration dur-
ing cardiac arrest. These could include trials that
directly compare IV to different sites of 10 access
(eqg, tibial, humeral).

Steroids During CPR (ALS 433: EvUp)

Population, Intervention, Comparator, and

Outcome

e Population: Adults who are in cardiac arrest in any
setting (in-hospital or out-of-hospital)

e Intervention: Corticosteroid or mineralocorticoid
administration during CPR

e Comparator: Not using steroids

e Qutcome: Survival with favorable neurological/
functional outcome at discharge, 30 days, 60 days,
180 days, and/or 1 year; survival only at discharge,
30 days, 60 days, 180 days, and/or 1 year; ROSC

e Intra-arrest steroid use was last reviewed in 2015."7
The EvUp for intra-arrest steroid use is included in
Supplement Appendix C-6. The search identified 2
large, population-based observational studies pub-
lished since the 2015 CoSTR,**% both of which
suggest a possible association between the use of
corticosteroids during CPR and improved survival.
Three ongoing clinical trials on this topic were
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also identified (NCT02790788, NCT03640949,
NCT03317197). The task force will prioritize a
SysRev when the results of these trials become
available.

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015."7

For IHCA, the task force was unable to reach a con-
sensus recommendation for or against the use of ste-
roids during cardiac arrest.

We suggest against the routine use of steroids dur-
ing CPR for OHCA (weak recommendation, very low-
certainty evidence).

Buffering Agents for Cardiac Arrest
(ALS 483: EvUp)

Population, Intervention, Comparator, and
Outcome
e Population: Adults with cardiac arrest in any set-
ting (in-hospital or out-of-hospital)
¢ Intervention: The use of buffering agents alone or
combination with other drugs
e Comparator: Not using drugs (or a standard drug
regimen)
e Outcome: ROSC, survival, survival with favorable
neurological outcome
¢ This topic was last reviewed in 2010.%8 An EvUp was
completed for 2020 and is included in Supplement
Appendix C-7. One small RCT and 4 observational
studies were identified.?*' An updated SysRev
was not considered necessary.

Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2010.%8

Routine administration of sodium bicarbonate for
treatment of IHCA and OHCA is not recommended.

Drugs for Torsades de Pointes
(ALS 457: EvUp)

Population, Intervention, Comparator, and
Outcome
e Population: Adults with torsades de pointes in any
setting (in-hospital or out-of-hospital)
e Intervention: Any drug or combination of drugs
e Comparator: Not using drugs or alternative drugs
e Qutcome: ROSC, survival, or survival with favor-
able neurological outcome
e This PICO was last reviewed in 2010.58 An EvUp is
included in Supplement Appendix C-8. No stud-
ies meeting inclusion criteria were identified, and
thus consideration of an updated SysRev was not
suggested.
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Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2010.58

Polymorphic wide-complex tachycardia associated
with familial long QT may be treated with IV magne-
sium, pacing, and/or beta blockers; however, isoprena-
line should be avoided.

Polymorphic wide-complex tachycardia associated
with acquired long QT may be treated with IV magne-
sium.

Addition of pacing or IV isoprenaline may be con-
sidered when polymorphic wide-complex tachycardia is
accompanied by bradycardia or appears to be precipi-
tated by pauses in rhythm.

INTRA-ARREST PROGNOSTICATION

Point-of-Care Echocardiography for
Prognostication During CPR (ALS 658:
SysRev)

Rationale for Review

In 2015, the question of whether the use of cardiac
ultrasound during CPR changed outcomes was re-
viewed."” This question has not been reviewed for the
2020 CoSTR for ALS, and the 2015 CoSTR currently re-
mains: We suggest that if cardiac ultrasound can be
performed without interfering with standard advanced
cardiovascular life support protocols, it may be consid-
ered as an additional diagnostic tool to identify poten-
tially reversible causes (weak recommendation, very
low-quality evidence).'”

The current question is different from that men-
tioned above and was prioritized by the ALS Task Force
due to the increasing popularity of the use of point-of-
care echocardiography during cardiac arrest as a prog-
nostic tool, as well as concern about potential pitfalls
for misinterpretation of ultrasound findings. A task
force—led SysRev of the intra-arrest prognostic capabili-
ties of point-of-care echocardiography was performed
to inform the 2020 CoSTR for ALS.™!

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults with cardiac arrest in any set-
ting (in-hospital or out-of-hospital)
¢ Intervention: A particular finding on point-of-care
echocardiography during CPR
e Comparator: The absence of that finding or a dif-
ferent finding on point-of-care echocardiography
during CPR
e Qutcome: Clinical outcomes include, but are not
necessarily limited to, ROSC and survival to hos-
pital admission (both important) and the criti-
cal outcomes of survival/survival with a favorable
neurological outcome at hospital discharge and
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survival/survival with a favorable neurological out-
come beyond hospital discharge.

e Study design: Randomized trials, non-RCTs,
observational studies (cohort studies and case-
control studies), registries, and prognosis stud-
ies. Ecological studies, case series, case reports,
reviews, abstracts, editorials, comments, letters
to the editor, or unpublished studies will not be
included.

e Time frame: All years and languages were included
if there was an English abstract, and there were no
date restrictions. The literature search was updated
to September 18, 2019.

e PROSPERO Registration: CRD42020150677.

Consensus on Science

The SysRev identified no RCTs and 15 relevant obser-
vational studies.'>""'® The overall certainty of evidence
was rated as very low for all outcomes primarily due
to risk of bias, inconsistency, and/or imprecision. There
was a substantial risk of bias due to prognostic factor
measurement, outcome measurement, adjustment for
prognostic factors, or confounding. Because of this
and a high degree of clinical heterogeneity, no meta-
analyses could be performed, and individual studies are
difficult to interpret. The consensus on science is sum-
marized in Table 1. The summary of each outcome is
separated by the ultrasonographic finding (organized
contractility versus nonorganized and/or unspecified
motion) and timing of image acquisition (initial, every,
any, or subsequent evaluation; or unspecified) because
these also varied considerably across studies.

Treatment Recommendation

We suggest against the use of point-of-care echocar-
diography for prognostication during CPR (weak rec-
ommendation, very low-certainty evidence)

Justification and Evidence-to-Decision
Framework Highlights
The evidence-to-decision table is included in Supple-
ment Appendix A-3. This CoSTR specifically addresses
the role of ultrasound in prognostication, and in par-
ticular prognostication of a favorable outcome that is
based on the presence of cardiac motion. In 2015, the
task force stated that ultrasound had a potential role in
diagnosing reversible causes of cardiac arrest if it could
be done without interfering with high-quality CPR, and
this recommendation was not reassessed for 2020."7
Given the increasing popularity of the use of point-
of-care echocardiography for prognostication during
attempted resuscitation after cardiac arrest, this com-
prehensive and rigorous summary of its intra-arrest
prognostic capabilities provides valuable information to
both the resuscitation science community and bedside
clinicians. In making these recommendations, the ALS
Task Force considered the following:
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Table 1.

Cardiac Arrest to Predict Clinical Outcomes

Adult Advanced Life Support: 2020 CoSTR

Estimated Prognostic Test Performance and Prognostic Association for Sonographic Findings on Point-of-Care Echocardiography During

Outcome

Author, Year

Total Subjects (n),
IHCA or OHCA

Sensitivity
(Range or 95% Cl)

Specificity
(Range or 95% Cl)

Odds Ratio
(Range or 95% Cl)

Organized Cardiac Motion (Unspecified Timing of Echocardiography)

Survival 180 d

Flato, 2015'"3

49, IHCA

1.0
(95% Cl, 0.4-1.0)

0.49
(95% Cl, 0.34-0.64)

8.62
(95% Cl, 0.44-169.38)

Survival to hospital Atkinson, 2019108 229, IHCA and OHCA 0.67-1.00 0.51-0.89 13.60-16.63
discharge Flato, 20153
Survival to hospital Atkinson, 20198 349, OHCA 0.39-1.00 0.91-0.91 6.73-414.56
admission Blaivas, 20011%°
ROSC Atkinson, 2019'%® 229, IHCA and OHCA 0.34-0.79 0.68-0.96 8.07-13.21
Flato, 20153
Nonorganized and/or Unspecified Cardiac Motion on Initial Echocardiogram
Good neurological Aichinger, 20127 42, OHCA 1.00 0.78 10.26
outcome at discharge (95% Cl, 0.03-1.00) (95% Cl, 0.62-0.89) (95% Cl, 0.39-273.09)
Survival to hospital Gaspari, 2016 1171, IHCA and OHCA 0.06-0.91 0.49-0.94 0.38-17.00
discharge Varriale, 1997106
Zengin, 2016'®
Survival to hospital Aichinger, 201297 1295,1 IHCA and OHCA 0.11-0.92 0.55-0.85 0.75-27.56
admission Gaspari, 2016'
Salen, 2001'%4
Zengin, 2016'®
ROSC Gaspari, 2016 861, IHCA and OHCA 0.25-0.64 0.78-1.00 6.33-16.11
Kim, 2016'"
Varriale, 19971
Nonorganized and/or Unspecified Cardiac Motion on Every Echocardiogram
Survival to hospital Aichinger, 20127 134,* OHCA 0.50-0.80 0.92-1.00 45.33-148.20
admission Salen, 2001104
Nonorganized and/or Unspecified Cardiac Motion (Unspecified Timing of Echocardiography)
Good neurological Flato, 20153 49, IHCA 1.00 0.49 8.62
outcome at 180 days (95% Cl, 0.40-1.00) (95% Cl, 0.34-0.64) (95% Cl, 0.44-169.38)
Good neurological Salen, 2005 70, OHCA 1.00 0.86 17.00
outcome at (95% Cl, 0.03-1.00) (95% Cl, 0.75-0.93) (95% Cl, 0.65-446.02)
discharge
Survival to hospital Lien, 20181% 177, OHCA 0.48 0.77 3.09
discharge (95% Cl, 0.28-0.69) (95% Cl, 0.69-0.83) (95% Cl, 1.29-7.37)
Survival to hospital Breitkreutz, 2010'° 291,* OHCA 0.72-0.86 0.60-0.84 9.14-14.00
admission Chua, 201772
Salen, 20014
ROSC Chardoli, 2012™" 317, OHCA 0.62-1.00 0.33-0.98 23.18-289.00
Lien, 2018'%2
Salen, 2005
Tayal, 20031%
Return of Organized Cardiac Motion on Subsequent Echocardiogram
Survival to hospital Varriale, 199710 20, IHCA 0.50 0.79 3.75
discharge (95% Cl, 0.01-0.99) (95% Cl, 0.54-0.94) (95% Cl, 0.19-74.06)
ROSC Varriale, 1997'% 20, IHCA 0.67 1.00 52.50

(95% Cl, 0.22-0.96)

(95% Cl, 0.77-1.00)

(95% Cl, 2.10-1300.33)

Coalescent Echo Contrast

(ie, Visible Clotted Intra-Cardiac Blood) After 20-30 min of CPR

Survival to hospital Varriale, 199710 20, IHCA 0.00 0.45 0.13
discharge (95% Cl, 0.00-0.84) (95% Cl, 0.23-0.68) (95% Cl, 0.01-3.11)
ROSC Varriale, 19971% 20, IHCA 0.00 0.21 0.02

(95% Cl, 0.00-0.46)

(95% Cl, 0.05-0.51)

(95% Cl, 0.00-0.53)

Sonographic Evidence of Treatable Pathology

Survival to hospital Gaspari, 2016' 1130, IHCA and OHCA 0.00-0.15 0.89-0.98 1.32-4.25
discharge Varriale, 199710
Zengin, 2016'®
(Continued)
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Table 1. Continued
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Total Subjects (n), Sensitivity Specificity Odds Ratio
Outcome Author, Year IHCA or OHCA (Range or 95% Cl) (Range or 95% Cl) (Range or 95% Cl)
Survival to hospital Zengin, 2016'"® 531,t IHCA and OHCA 0.03-0.04 0.95-0.99 0.61-4.70
admission
ROSC Chardoli, 2012™" 317,1 IHCA and OHCA 0.00-1.00 0.84-0.94 0.38-125.00

Lien, 2018102
Tayal, 20031%
Varriale, 199710

IHCA indicates in-hospital cardiac arrest; OHCA, out-of-hospital cardiac arrest; and ROSC, return of spontaneous circulation.
*Studies did not report these data for all enrolled subjects; n is lower than the total of all subjects enrolled.
tGaspari et al and Zengin et al report multiple sonographic findings within a given category on the same subjects; n reflects composite variable “subject-

assessments.”

There were inconsistent definitions and terminology
about the sonographic evidence of cardiac motion. This
included wide variation in the classification of anatomy,
type of motion, and timing of point-of-care echocardio-
gram. The task force encourages the establishment of
uniform definitions and terminology to describe sono-
graphic findings of cardiac activity during cardiac arrest.

Most of the identified studies suffer from high risk
of bias related to prognostic factor measurement,
outcome measurement, lack of adjustment for other
prognostic factors, and confounding from self-fulfilling
prophecy and unspecified timing of point-of-care echo-
cardiography. Because the risk of bias and heteroge-
neity across studies was high, no meta-analyses were
performed. The evidence supporting use of point-of-
care echocardiography as a prognostic tool during car-
diac arrest is uniformly of very low certainty. Clinicians
should interpret sonographic findings during cardiac
arrest in light of these limitations. The task force en-
courages subsequent investigators studying point-of-
care echocardiography during cardiac arrest to identify
methodology that mitigates these risks of bias.

Only 2 studies'"* reported estimates of inter-rater
reliability (Kappa 0.63 and 0.93). More uniform reporting
of inter-rater reliability of point-of-care echocardiography
interpretation in future investigations is important.

No sonographic finding had sufficient and/or consis-
tent sensitivity for any clinical outcome for its absence
to be used as a sole criterion to stop resuscitation, but
the certainty of this evidence is very low.

Some sonographic findings had higher ranges of
specificity for clinical outcomes, but the certainty of this
evidence is very low.

The impact of ECPR on the prognostic accuracy of
point-of-care echocardiography is uncertain.

Point-of-care echocardiography may still be useful
to diagnose treatable etiologies of cardiac arrest or to
intermittently assess response to resuscitative treat-
ments. These applications are not within the scope of
this particular PICOST question. We do, however, cau-
tion against overinterpreting the finding of right-ven-
tricular dilation in isolation as a diagnostic indicator of
massive pulmonary embolism. Right-ventricular dilation
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begins a few minutes after onset of cardiac arrest as
blood shifts from the systemic circulation to the right
heart along a pressure gradient.'”''® Right-ventricular
dilation was uniformly observed in a porcine model of
cardiac arrest across etiologies of hypovolemia, hyper-
kalemia, and primary arrhythmia.'"

Clinicians should be cautious about potentially pro-
longing interruptions in chest compressions when us-
ing point-of-care echocardiography during cardiac
arrest.'20121 Several strategies to minimize these inter-
ruptions have been proposed.'?2123

Point-of-care echocardiography is subject to avail-
ability of equipment and skilled operators.

Knowledge Gaps

e There is no standardized or uniform definition of
cardiac motion visualized on point-of-care echo-
cardiography during cardiac arrest.

e There are very few prognostic factor studies of
point-of-care echocardiography during cardiac
arrest performed with methodology that mini-
mizes risk of bias.

¢ The inter-rater reliability of point-of-care echocar-
diography during cardiac arrest is uncertain.

¢ The relative roles and feasibility of transesopha-
geal versus transthoracic echocardiography during
CPR require research.

ETCO, to Predict Outcome of Cardiac
Arrest (ALS 459: EvUp)

Population, Intervention, Comparator, and
Outcome
e Population: Adults who are in cardiac arrest in any
setting (in-hospital or out-of-hospital)
* Intervention: Any ETCO, level value, when present
* Comparator: Any ETCO, level below that value
e Qutcome: ROSC, survival, survival with favorable
neurological outcome
¢ This topic was last updated in a published 2015
CoSTR,"” and the SysRev that informed this CoSTR
was published in 2018.72* The 2 EvUps are included
in Supplement Appendix C-9a and C-9b. A search
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from December 2013 to November 2019 identified
7 new observational studies’*8%125-129 in addition
to the previous SysRev.'** The task force discussed
the low likelihood of an updated SysRev leading
to a change in treatment recommendations based
on the available studies, and therefore did not pri-
oritize this topic for a SysRev at this time. Future
studies and SysRevs should consider trends and
changes in ETCO, values during CPR in addition to
the significance of single ETCO, values. The 2015
treatment recommendations remain unchanged.'’

Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2015."7

We recommend against using ETCO, cutoff values
alone as a mortality predictor or for the decision to stop
a resuscitation attempt (strong recommendation, low-
quality evidence).

We suggest that an ETCO, of 10 mmHg or greater
measured after tracheal intubation or after 20 minutes
of resuscitation may be a predictor of ROSC (weak rec-
ommendation, low-quality evidence).

We suggest that an ETCO, of 10 mmHg or greater
measured after tracheal intubation, or an ETCO, of 20
mmHg or greater measured after 20 minutes of re-
suscitation, may be a predictor of survival to discharge
(weak recommendation, moderate-quality evidence).

CARDIAC ARREST IN SPECIAL
CIRCUMSTANCES

Cardiac Arrest Associated With Pulmonary
Embolism (ALS 435, 581: SysRev)

Rationale for Review

Pulmonary embolism (PE) is a potentially reversible
cause of cardiac arrest. Whether chances for ROSC and
survival may be significantly higher if a PE is present and
can be treated is not well established because research
has been limited to-date. This topic was last reviewed
in 2015."7 The specific role of ECPR was not addressed
in this updated SysRev because ECPR was addressed in
the previous 2019 CoSTR summary.23 The role of ECPR
for the treatment of PE and cardiac arrest is discussed in
the justification section that follows.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
e Population: Adults in cardiac arrest due to PE
or suspected PE in any setting (in-hospital or
out-of-hospital)
¢ Intervention: Any specific alteration in the ALS
treatment algorithm (eg, fibrinolytics or any other)
e Comparator: Standard ALS care
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e Qutcome: Survival with favorable neurologi-
cal outcome at discharge, 30 days, 60 days, 180
days, and/or 1 year; survival at discharge, 30 days,
60 days, 180 days, and/or 1 year (all critical);
ROSC (important)

e Study design: RCTs and nonrandomized stud-
ies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) are eligi-
ble for inclusion. Unpublished studies (eg, confer-
ence abstracts, trial protocols) are excluded.

¢ Time frame: All years and languages were included
if there was an English abstract. Literature
search was updated to October 2019.

e PROSPERO Registration: Registered with ILCOR
Science Advisory Committee October 6, 2019. This
SysRev wa