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ABSTRACT: This 2020 International Consensus on Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care Science With
Treatment Recommendations (CoSTR) for pediatric life support is
based on the most extensive evidence evaluation ever performed
by the Pediatric Life Support Task Force. Three types of evidence
evaluation were used in this review: systematic reviews, scoping
reviews, and evidence updates. Per agreement with the evidence
evaluation recommendations of the International Liaison Committee
on Resuscitation, only systematic reviews could result in a new or
revised treatment recommendation.
Systematic reviews performed for this 2020 CoSTR for pediatric life
support included the topics of sequencing of airway-breaths-compressions
versus compressions-airway-breaths in the delivery of pediatric basic life
support, the initial timing and dose intervals for epinephrine administration during resuscitation, and the targets for oxygen and carbon dioxide
levels in pediatric patients after return of spontaneous circulation. The
most controversial topics included the initial timing and dose intervals of
epinephrine administration (new treatment recommendations were made)
and the administration of fluid for infants and children with septic shock
(this latter topic was evaluated by evidence update). All evidence reviews
identified the paucity of pediatric data and the need for more research
involving resuscitation of infants and children.
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The 2020 International Consensus on Cardiopulmonary Resuscitation (CPR) and Emergency Cardiovascular Care (ECC) Science With Treatment
Recommendations (CoSTR) is the fourth in a series
of annual publications from the International Liaison
Committee on Resuscitation (ILCOR). This 2020 CoSTR
summary for pediatric life support (PLS) includes new
topics addressed by Systematic Reviews (SysRevs) performed within the past 12 months. It also includes
updates of the PLS CoSTR statements published from
2010 through 2019 as needed, based on additional
evidence evaluations. As a result, this 2020 CoSTR
summary for PLS is the most comprehensive update
S142

since 2010. The 3 major types of evidence evaluation
supporting this 2020 publication are the SysRev, the
Scoping Review (ScopRev), and the Evidence Update
(EvUp).
Topics and types of reviews were prioritized by the PLS
Task Force over the past 12 months on the basis of task
force consensus that the answers to the review questions were critical, task force expert awareness of recent
studies on the topics that could change treatment recommendations, and input and requests from the ILCOR
member councils. SysRevs were performed on topics if
deemed critical on the basis of the questions involved or
if publication of studies suggested the need to consider
new or modified treatment recommendations. ScopRevs
and EvUps were performed if the task force or member
councils identified a topic as important or if it had not
been reviewed in several years; ScopRevs and EvUps were
intended to determine if sufficient published evidence existed to suggest the need for a SysRev.
The SysRev is a rigorous process following strict
methodology to answer a specific question, and each
of these ultimately resulted in the generation of a task
force CoSTR included in this summary. The SysRevs
were performed by a knowledge synthesis unit, an
expert systematic reviewer, or the PLS Task Force, and
many resulted in separate SysRevs publications.
To begin the SysRev, the question to be answered was
phrased in terms of the PICOST (population, intervention, comparator, outcome, study design, time frame)
format. The methodology used to identify the evidence
was based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).1 The approach used to evaluate the evidence was based on that
proposed by the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) working
group.2 Using this approach, the PLS 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 controlled trials (RCTs)
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 the certainty of evidence. For additional
information, refer to “Evidence Evaluation Process and
Management of Potential Conflicts of Interest.”3,3a
When a pre-2015 CoSTR treatment recommendation was not updated, the language used in the recommendation differed from that used in the GRADE approach because GRADE was not used before 2015.4–6
Draft 2020 (ie, new) CoSTRs for PLS were posted on
the ILCOR website7 for public comment between March
26, 2018, and January 10, 2020. The draft CoSTR statements were viewed 31468 times with 16 comments
received. All comments were discussed by the PLS Task
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Force and modifications made as needed to the content
or to the recommendations for future search strategies.
This summary contains the final wording of the CoSTR
statements as approved by the ILCOR PLS Task Force and
the ILCOR member councils after review and consideration of comments posted online in response to the draft
CoSTRs. In 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.
The second major type of evidence evaluation performed to support this 2020 CoSTR summary for PLS is
a ScopRev. ScopRevs are designed to identify the extent,
range, and nature of evidence on a topic or question,
and they were performed by topic experts in consultation with the PLS Task Force. The task force analyzed the
identified evidence and determined its value and implications for resuscitation practice or research. The rationale
for the ScopRev, the summary of evidence, and task force
insights—all are highlighted in the body of this publication. Any previous treatment recommendations are reiterated. The task force noted whether the ScopRev identified substantive evidence that could result in a change
in the ILCOR treatment recommendations. If sufficient
evidence was identified, the task force suggested consideration of a (future) SysRev to support the development
of an updated CoSTR. All ScopRevs are included in their
entirety in Appendix B in the Supplemental Materials.
The third type of evidence evaluation supporting this
2020 CoSTR for PLS is an EvUp. EvUps were generally
performed to identify new studies published after the
most recent ILCOR evidence evaluation, typically by
using search terms and methodologies from previous
reviews. These EvUps were performed by task force
members, collaborating experts, or members of council
writing groups. The EvUps are cited in the body of this
publication with a note as to whether the evidence suggested the need to consider a SysRev; the most recent
ILCOR treatment recommendation was reiterated.
In this publication, no change in an ILCOR treatment
recommendation resulted from a ScopRev or 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,
as they were drafted by the reviewers.
Note: The reviews and treatment recommendations
apply to infants (28 days to 12 months) and children
(the age definitions varied in the cited studies). Evidence
evaluation of studies of resuscitation of newborns (especially at birth) can be found in “Neonatal Life Support: 2020 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care
Science With Treatment Recommendations”7a,7b in this
supplement.

TOPICS REVIEWED IN THIS 2020 PLS
CoSTR
Note: As indicated above, the PLS CoSTR evidence reviews were all completed by January 10, 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
generation and infection transmission during attempted
resuscitation of adults, children, and infants. This group
developed a consensus on science with treatment recommendations and task force insights. This statement
is published as a separate document.8 As new evidence
emerges, the ILCOR task forces will review and update
this statement, so the reader is referred to the ILCOR
website7 for the most up-to-date recommendations.
Pediatric Basic Life Support (PBLS): CPR and CPR
Quality
• Sequence of compression and ventilation (BLS
661: Shared SysRev)
• Pulse check accuracy (PLS 393: EvUp)
• Chest compression–only versus conventional CPR
(2017 CoSTR)
• Pediatric compression depth (PLS 314: ScopRev)
• 1-hand versus 2-hand compressions for children
(PLS 375: EvUp) combined with circumferential
compressions for infants (PLS 416: EvUp)
PBLS: Automated External Defibrillation
• Use of automated external defibrillators (AEDs) for
infants with out-of-hospital cardiac arrest (OHCA)
(PLS 425: EvUp)
PBLS: Prevention of Cardiac Arrest
• Pediatric early-warning scores (PEWS) (PLS 818:
ScopRev)
• Pediatric medical emergency/rapid response teams
(PLS 397: EvUp)
Pediatric Advanced Life Support (PALS): Recognition and Treatment of Septic Shock
• Fluid administration for the child with septic shock
(PLS 1534: EvUp)
• Vasoactive drugs for septic shock (PLS 1604:
ScopRev)
• Corticosteroids for pediatric septic shock (PLS 413:
EvUp)
PALS: Recognition and Prearrest Treatments for
Shock
• Graded volume resuscitation for traumatic/hemorrhagic shock (PLS 400: ScopRev)
• Timing of intubation for shock (PLS 399: EvUp)
• Prearrest care of the infant or child with dilated
cardiomyopathy or myocarditis (PLS 819: EvUp)
• Cardiogenic shock and inotropes (PLS 418: EvUp)
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PALS: Management of Deterioration With Pulmonary Hypertension
• Prevention and management of pulmonary hypertensive crises in infants and children (PLS 391: EvUp)
• Opioids, sedatives, and neuromuscular blocking
drugs for pulmonary hypertension (PLS New: EvUp)
• Therapy with inhaled nitric oxide or prostaglandin
I2 for pulmonary hypertensive crisis and right heart
failure (PLS New: EvUp)
PALS: Recognition and Treatment of Nonarrest
Arrhythmias
• Drugs for supraventricular tachycardia (PLS 379: EvUp)
• Treatment for unstable ventricular tachycardia (PLS
409: EvUp)
• CPR for heart rate of less than 60/min (PLS 1535: EvUp)
• Drugs for the treatment of bradycardia: Atropine
versus no atropine and atropine versus epinephrine (PLS New: EvUp)
• Emergency transcutaneous pacing for bradycardia
(PLS New: EvUp)
• Channelopathies (PLS 417: EvUp)
PALS: Manual Defibrillation
• Pad size, type, and placement for pediatric defibrillation (PLS 378 and PLS 043: EvUp)
• Energy doses for defibrillation (PLS 405: ScopRev)
• Single or stacked shocks for pediatric defibrillation
(PLS 389: EvUp)
PALS: Airways, Oxygenation, and Ventilation
• Ventilation rate when a perfusing rhythm is present (PLS 3103A and PLS 382: EvUp)
• Oxygen concentration during cardiac arrest (PLS
396: ScopRev)
• Ventilation during CPR with bag and mask compared with an advanced airway (2019 CoSTR)
• Use of cuffed or uncuffed tracheal tubes (PLS 412:
EvUp)
• Atropine for emergency intubation (PLS 821: EvUp)
• Cricoid pressure during intubation (PLS 376: EvUp)
• Use of devices to verify advanced airway placement (PLS 385: EvUp)
• Ventilation rate with advanced airway during cardiac arrest (PLS 3103A and PLS 382: EvUp)
PALS: Circulatory Support During CPR
• Extracorporeal CPR for in-hospital cardiac arrest
(2019 CoSTR)
PALS: Physiological Monitoring During Arrest to
Guide Therapy and/or Intra-arrest Prognostication
• Invasive blood pressure monitoring during CPR
(PLS 826: ScopRev)
• Use of near-infrared spectroscopy (NIRS) during
cardiac arrest (PLS New: ScopRev)
• Bedside ultrasound to identify perfusing rhythm
(PLS 408: ScopRev)
S144

• End-tidal CO2 monitoring during CPR (PLS 827:
ScopRev)
PALS: Resuscitation Drug Administration and
Timing
• Methods of calculating pediatric drug doses (PLS
420: EvUp)
• Intraosseous (IO) versus intravenous (IV) route of
drug administration (PLS, neonatal life support
[NLS], and advanced life support [ALS]: SysRev)
• Epinephrine time of initial dose and dose interval
during CPR (PLS 1541: SysRev)
• Amiodarone versus lidocaine for shock-resistant
ventricular fibrillation or pulseless ventricular
tachycardia (2018 CoSTR)
• Sodium bicarbonate administration for children in
cardiac arrest (PLS 388: EvUp)
• Calcium administration in children (PLS 421: EvUp)
PALS: Special Resuscitation Situations—Septic
Shock, Congenital Heart Disease, and Trauma
• Resuscitation of the child with septic shock (PLS
1534: EvUp)
• Resuscitation of the patient with a single ventricle
(PLS 390: EvUp)
• Resuscitation of the patient with hemi-Fontan or
Fontan circulation (PLS 392: EvUp)
• Resuscitation after traumatic arrest (PLS 498: EvUp)
PALS: Post–Cardiac Arrest Care, Including
Postarrest Prognostication
• Targeted temperature management (2019 CoSTR)
• Oxygen and carbon dioxide targets in pediatric
patients with return of spontaneous circulation
(ROSC) after cardiac arrest (PLS 815: SysRev)
• Post-ROSC blood pressure control (PLS 820: EvUp)
• Post-ROSC neuro-prognostication and use of electroencephalogram (PLS 813 and PLS 822: EvUp)

PBLS: CPR AND CPR QUALITY
The PBLS topics in this section include the optimal sequence of compressions and ventilation, pulse check
accuracy, compression-only compared with conventional CPR, the optimal depth of chest compressions, and
1-hand versus 2-hand chest compressions for children
and circumferential chest compressions for infants.

Sequence of Compression and
Ventilation (BLS 661: Shared SysRev)
The PLS Task Force last reviewed the sequence of pediatric BLS in 2015.9,10 In 2020, the BLS Task Force performed a SysRev on the topic (see the Starting CPR
section [BLS 661: SysRev] of the BLS publication in this
supplement). This SysRev search included adults and
children in all settings. Refer to the BLS publication
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for details of the evidence summary and task force
considerations.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Adults and children with OHCA
• Intervention: Commencing CPR beginning with
compressions first (30:2)
• Comparator: CPR beginning with ventilation first
(2:30)
• Outcome: 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; and
ROSC
• Study design: RCTs and nonrandomized studies
(nonrandomized controlled trials [non-RCTs], interrupted time series, controlled before-and-after
studies, cohort studies) eligible for inclusion
• Time frame: All languages were included if there
was an English abstract. The literature search was
updated in September 2019.
Summary of Evidence
The 2020 PLS ScopRev did not identify any new human
pediatric evidence about sequencing for initiating CPR
published after the 2015 CoSTR.11,12
As a result, the recommendations for sequencing
of BLS steps for infants and children in cardiac arrest
remain unchanged from those published in 2015 (see
Treatment Recommendations), with insufficient evidence to make a recommendation. To review the entire
SysRev for adult data, see the Starting CPR section [BLS
661: SysRev] of the BLS publication in this supplement.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2015.11,12
The confidence in effect estimates is so low that the
panel decided that a recommendation was too
speculative.

Pulse Check Accuracy (PLS 393: EvUp)
This EvUp was performed to identify studies after the
review about pulse check accuracy in 2010.9,10 Studies
about the accuracy of pulse check versus assessment of
signs of life were insufficient to identify cardiac arrest,
and the task force agreed that there is no need to suggest consideration of a SysRev. As a result, the 2010
treatment recommendation is unchanged.9,10 To review
the EvUp, see Supplement Appendix C-1.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in cardiac arrest
• Intervention: Use of pulse check
• Comparator: Assessment of signs of life

• Outcome: Improve accuracy of diagnosis of pediatric cardiopulmonary arrest
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and all languages were
included if there was an English abstract. Literature
was updated in December 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
Palpation of a pulse (or its absence) is not reliable
as the sole determinant of cardiac arrest and need for
chest compressions. If the victim is unresponsive, and
not breathing normally, and there are no signs of life,
lay rescuers should begin CPR.
In infants and children with no signs of life, healthcare providers should begin CPR unless they can definitely palpate a pulse within 10 seconds.

Chest Compression–Only Versus
Conventional CPR (2017 CoSTR)
In 2017, a SysRev13 and an ILCOR Pediatric CoSTR14,15
were published on the topic of compression-only CPR
compared with conventional CPR for infants and children. Refer to those publications for details of the evidence summary and task force considerations.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Patients of all ages (ie, neonates, children, adults) with cardiac arrest from any cause
and across all settings (in-hospital and out-of-hospital); studies that included animals not eligible
• Intervention: All manual CPR methods including
compression-only CPR, continuous compression
CPR, and CPR with different compression-toventilation ratios. Compression-only CPR included
continuous delivery of compressions with no ventilation; continuous chest compression CPR included
compression with asynchronous ventilation or
minimally interrupted cardiac resuscitation. Studies
that mentioned the use of a mechanical device during CPR were considered only if the same device
was used across all relevant intervention arms and
would therefore not confound the observed effect.
• Comparator: Studies had to compare at least 2
different CPR methods from the eligible interventions; studies without a comparator were excluded
• Outcome: The primary outcome was favorable
neurological outcomes, evaluated by cerebral performance scale or a modified Rankin Scale score;
secondary outcomes were survival, ROSC, and
quality of life
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• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion; study designs without a comparator group (eg, case series, cross-sectional studies),
reviews, and pooled analyses excluded
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated in December 2019.
Treatment Recommendations
These treatment recommendations are unchanged
from 2017.14,15
We suggest that bystanders provide CPR with ventilation for infants and children younger than 18 years
with OHCA (weak recommendation, very low-quality
evidence).
We recommend that if bystanders cannot provide
rescue breaths as part of CPR for infants and children
younger than 18 years with OHCA, they should at least
provide chest compressions (good practice statement).

Pediatric Compression Depth (PLS 314:
ScopRev)
Rationale for Review
The most recent (2015) PLS review11,12 about pediatric
chest compression depth was based on a SysRev that
identified 2 observational pediatric studies.16,17 There is
now greater availability of CPR feedback devices providing real-time data about the specific targets for components of CPR, including depth of compression; studies
in adults18,19 demonstrated that overcompression can
cause harm. The ScopRev was undertaken to determine
the extent of current available evidence about the effectiveness of various compression depths used during
resuscitation of infants and children. For details of the
ScopRev, see Supplement Appendix B-1.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children who had received
chest compressions after out-of-hospital or in-hospital cardiac arrest (excluding newborn children)
• Intervention: Any specific chest compression depth
• Comparator: Depth specified in 2017 CoSTR
publication14,15
– At least one third the AP [anteroposterior] chest
depth
– Approximately 1½ inches (4 cm) in infants, 2
inches (5 cm) in children
• Outcome:
– Short-term survival and neurological outcomes
(eg, ROSC, hospital discharge, 28 days, 30 days,
and 1 month)
– Long-term survival and neurological outcomes
(eg, 3 months, 6 months, and 1 year)
S146

• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The search was
updated to October 2019.
Summary of Evidence
No new published evidence was identified with this
ScopRev. The PLS Task Force did identify an ongoing large
prospective observational international multicenter study
on CPR quality using dual-sensor CPR feedback devices.20
The results of this study, once published, may help address the impact of chest compression depth on CPR outcomes. The task force concluded that there is no need
to recommend a new SysRev at this time, and the decision will be reconsidered following the publication of any
relevant studies. For this 2020 CoSTR update, the 2015
treatment recommendations11,12 are unchanged.
Task Force Insights
The PLS Task Force recognized the paucity of pediatric
studies and substantial identified gaps in the pediatric literature about chest compression depth (eg, the absence of
data on the impact of overcompression). Previous studies
used feedback devices with a single displacement sensor/
accelerometer; these are notably unreliable because the
compression depth they measure can be affected by the
type of surface on which the compressions are performed;
overestimation of compression depth occurs if the surface
on which the patient rests (eg, bed or trolley mattress) enables movement even if a CPR board is used. Chest compression depth studies using feedback devices with dual
displacement sensors/accelerometers may improve the accuracy of measurement of compression depth.
Treatment Recommendations
These treatment recommendations are unchanged
from 2015.11,12
We suggest that rescuers compress an infant’s chest
by at least one third the anteroposterior dimension, or
approximately 1½ inches (4 cm). We suggest that rescuers compress a child’s chest by at least one third the
anteroposterior dimension, or approximately 2 inches (5
cm) (weak recommendation, very low-quality evidence).

One-Hand Versus 2-Hand Compressions
for Children (PLS 375: EvUp) Combined
With Circumferential Compressions for
Infants (PLS 416: EvUp)
An EvUp was performed to identify the available evidence about different techniques for chest compressions for infants and children. The previous review
was published in 2010.9,10 The EvUp did identify several studies published after 2010, and the task force
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agreed that these studies suggest the need to consider
requesting a SysRev. Until a new SysRev is completed
and analyzed by the PLS Task Force, the 2010 treatment
recommendation remains in effect. To review the EvUp,
see Supplement Appendix C-2.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in cardiac arrest
in any setting
• Intervention: 2 hands, 1 hand, circumferential, 2
fingers, a specific other method, a specific location
• Comparator: Another method or location
• Outcome: Any
• Study design: RCTs and nonrandomized studies (nonRCTs, interrupted time series, controlled before-andafter studies, cohort studies) eligible for inclusion
• Time frame: All years and languages were included
if there was an English abstract. Literature was
searched to December 2019.
Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2010.9,10
Either a 1-hand or a 2-hand technique can be used
for performing chest compressions on children.
There are insufficient data to make a recommendation
for or against the need for a circumferential squeeze of
the chest when performing the 2 thumb–encircling hands
technique of external chest compression for infants.

PBLS: AUTOMATED EXTERNAL
DEFIBRILLATION
Use of Automated External Defibrillators
for Infants With Out-of-Hospital Cardiac
Arrest (PLS 425: EvUp)
An EvUp was performed to determine if there were
any published studies about the use of AEDs for infants
with OHCA. The EvUp identified insufficient evidence
to justify a SysRev or suggest the need for a change to
the 2010 treatment recommendation; as a result, the
2010 treatment recommendation is unchanged.9,10 To
review the EvUp, see Supplement Appendix C-3.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in cardiac arrest
in any setting
• Intervention: Use of an automated external defibrillators at a certain moment in the algorithm
• Comparator: At another moment in the algorithm
or not using an automated external defibrillator or
using an automated external defibrillator with a
dose attenuator
• Outcome: Any

• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. Literature was
searched to December 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
For treatment of out-of-hospital ventricular fibrillation (VF)/pulseless ventricular tachycardia (pVT) in infants, the recommended method of shock delivery by
device is listed in order of preference below. If there
is any delay in the availability of the preferred device,
the device that is available should be used. The AED algorithm should have demonstrated high specificity and
sensitivity for detecting shockable rhythms in infants.
The order of preference is as follows:
1. Manual defibrillator
2. AED with dose attenuator
3. AED without dose attenuator

PBLS: PREVENTION OF CARDIAC
ARREST
Pediatric Early-Warning Scores (PLS 818:
ScopRev)
Rationale for Review
The topic was selected for review because the task force
was aware of several recent relevant publications, including SysRevs, a ScopRev, and a large-scale RCT published
after the most recent (2015) CoSTR on the topic.11,12
PEWS are tools that evaluate clinical presentation
risk of clinical deterioration.
See Supplement Appendix B-2.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in a hospital
setting
• Intervention: PEWS with or without rapid response
teams/medical emergency teams
• Comparator: No PEWS with or without rapid
response teams or medical emergency teams
• Outcome: In-hospital deterioration, including
mortality
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract; unpublished studies (eg, conference abstracts, trial protocols) were
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excluded. The literature search was updated to
September 15, 2019.
Summary of Evidence
We identified 3 SysRevs21–23 and 1 ScopRev24 published
after 2015; all noted the limited evidence for the usefulness of PEWS for preventing physiological deterioration and improving clinical outcomes.
The Evaluating Processes of Care and the Outcomes
of Children in Hospital (EPOCH) study was published in
2018. This was an international cluster RCT of 21 hospitals enrolling patients from birth (gestational age 37
weeks or more) up to 18 years of age.25 This study included all-cause mortality as a primary outcome and as
a secondary outcome a composite outcome reflecting
late critical care admission. Ten hospitals implemented a
bedside PEWS system compared with usual care (ie, did
not use a severity early-warning score) in 11 hospitals.
This was one of the largest studies of its kind, involving
144 539 patient discharges with 559 443 patient days
and 144 539 patients in total completing the trial.
There was no significant reduction in all-cause mortality when the use of bedside PEWS was compared
with standard care (1.93 per 1000 patient discharges
compared with 1.56 per 1000 patient discharges; adjusted odds ratio [OR], 1.01; 95% CI, 0.61–1.69). The
prevalence of significant clinical deterioration events
was lower (0.5 per 1000 patient days compared with
0.84 per 1000 patient days) at hospitals using bedside
PEWS compared with usual care hospitals (adjusted
rate ratio 0.77 [95% CI, 0.61–0.97]).
The EPOCH authors concluded that their findings did
not support the use of PEWS to reduce mortality.25
The PLS draft ScopRev was posted on the ILCOR website and was viewed 345 times without any comments
that addressed the need for a SysRev on this topic. To
review the ScopRev, see Supplement Appendix B-2.
Task Force Insights
The PLS Task Force concluded that the implementation
of PEWS should be part of an overall clinical response
system, with the task force placing a higher value on
improving healthcare provider ability to recognize and
intervene for patients with deteriorating illness over the
expense incurred by a healthcare system committing
significant resources to implement PEWS. The task force
also noted that the complex process of optimizing patient care is likely to include both the implementation of
PEWS and ongoing healthcare provider education. The
PLS Task Force agreed that the decision to use PEWS
should be balanced between use of existing resources
and capabilities of the healthcare setting to adapt to its
use and the consequences of its use.
In the PEWS studies, mortality is a common outcome marker. However, the incidence of cardiac arrest
is low (especially outside the critical care setting), so
the incidence of significant clinical deterioration is an
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additional important outcome in determining sample
sizes for such studies.
The PLS Task Force agreed that there is a need to
request a SysRev. Until completion of the SysRev, the
2015 treatment recommendations remain in effect.11,12
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2015.11,12
The confidence in the estimate of predictive value is
so low that the panel decided that a recommendation
is too speculative.

Pediatric Medical Emergency/Rapid
Response Teams (PLS 397: EvUp)
Rapid response teams (RRTs) are hospital teams that
are activated to evaluate and respond to patients at
risk for clinical deterioration. The topic of medical
emergency teams (METs)/RRTs was last reviewed in
2015.11,12 This EvUp was requested to identify relevant
evidence on the topic published after that date. Two
preintervention/postintervention studies demonstrated a decrease in the number of resuscitation events,
although there was no clear decrease in mortality. One
observational registry study demonstrated no change
in the mortality rate beyond that which was already
expected from the preimplementation trends. This
finding is not significantly different from the 2015 review. To review the EvUp, see Supplement Appendix C4. There is no indication to change the 2015 CoSTR
recommendation.
Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015.11,12
We suggest the use of pediatric MET/RRT systems
in hospitals that care for children (weak recommendation, very low-quality evidence). In making this recommendation, we place a higher value on the potential to
recognize and intervene for patients with deteriorating
illness over the expense incurred by a healthcare system
committing significant resources to implement a MET/
RRT system. We recognize that the decision to use a
MET/RRT system should be balanced by the existing resources and capabilities of the institution.

PALS: RECOGNITION AND TREATMENT
OF SEPTIC SHOCK
Fluid Administration for the Child With
Septic Shock (PLS 1534: EvUp)
Note: This topic was prioritized for review because the
approach to the management of fluid resuscitation in
infants and children with septic shock is changing as
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a result of recent published evidence. The summary of
this EvUp is more detailed than for other EvUps owing to the critical nature of these new findings and
in acknowledgment of the 2020 publication of new
guidelines for the management of infants and children
with septic shock.26
This topic was last reviewed in 2015,11,12 when the
evidence evaluation included fluid administration for
shock associated with dengue fever and malaria. This
EvUp looked specifically at the impact of different fluid
regimens in infants and children with septic shock but
excluded studies of shock associated with dengue or
malaria because the pathophysiology of shock with
those conditions is atypical when compared with septic
shock associated with other causes. The role of fluid administration in shock associated with dengue or malaria
will be considered in future reviews.
This draft EvUp can be viewed in Supplement Appendix C-5 because it is only outlined here in the main
body of text. Among the 12 studies in the final evidence review were 3 RCTs27–29 and 3 SysRevs.30–32 In addition, the EvUp identified 1 RCT33 that did not directly
address the PICO (population, intervention, comparator, outcome) question but provided information about
the effect of a fluid bolus on pediatric cardiac index.
The EvUp also analyzed the results of 4 nonrandomized
studies34–37 and 1 study protocol.38
The Society of Critical Care Medicine’s Surviving
Sepsis Campaign International Guidelines for the
Management of Septic Shock and Sepsis-Associated
Organ Dysfunction in Children was published in February 2020,26 immediately before the submission of
this publication. In these 2020 surviving sepsis guidelines, recommendations for fluid administration differ
based on the availability of intensive care within the
system caring for the infant or child. For systems with
the availability of intensive care, the authors suggest
the administration of 10 to 20 mL/kg boluses, up to a
total of 40 to 60 mL/kg in the first hour, to be titrated
to the patient’s response and to be discontinued if the
signs of fluid overload develop. If hypotension is
present in systems without the availability of intensive care, the authors suggest the administration of 10
to 20 mL/kg boluses, up to a total of 40 mL/kg in the
first hour (also titrated to response and discon- tinued
if signs of fluid overload develop). If the infant or child
is not hypotensive and is in a system without the
availability of intensive care, the authors recom- mend
against bolus fluid administration but to start
maintenance fluids.26
The PLS Task Force agreed that a new SysRev is
needed to reevaluate the evidence and modify the
2015 PLS treatment recommendations as needed. Until the SysRev is completed and analyzed by the task
force, the 2015 treatment recommendations remain in
effect.11,12

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children who are in septic
shock in any setting
• Intervention 1: Use of restrictive volume of resuscitation fluid (less than 20 mL/kg)
• Comparator 1: Nonrestrictive volume (20 mL/kg or
greater) or the use of noncrystalloid fluids
• Intervention 2: Use of noncrystalloid fluids
• Comparator 2: Use of crystalloid fluids
• Intervention 3: Use of balanced crystalloid solution
(eg, Ringer’s lactate)
• Comparator 3: Use of unbalanced isotonic crystalloid solution (normal saline)
• Outcome: Survival to hospital discharge, need for
mechanical ventilation, need for vasopressor support, complications, time to resolution of shock,
hospital length of stay, ventilator-free days, or total
IV fluids administered
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and all languages were
included if there was an English abstract. The literature search was from January 2015 to January 2020.
Treatment Recommendations
These treatment recommendations are unchanged
from 2015.11,12
We suggest using an initial fluid bolus of 20 mL/kg
for infants and children with shock, with subsequent
patient reassessment, for patients with the following
disease states:
• Severe sepsis (weak recommendation, low-quality
evidence)
• Severe malaria (weak recommendation, low-quality evidence)*
• Dengue shock syndrome (weak recommendation,
low-quality evidence)*
We suggest against the routine use of bolus intravenous fluids (crystalloids or colloids) for infants and children with a “severe febrile illness” who are not in shock
(weak recommendation, low-quality evidence).*
Reassessment, regardless of therapy administered,
should be emphasized so that deterioration is detected
at an early stage.

Vasoactive Drugs for Septic Shock (PLS
1604: ScopRev)
Rationale for Review
Although pediatric septic shock is associated with significant mortality/morbidity, substantial progress has
*These populations were included in the 2015 CoSTR but not the 2020 EvUp.
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been made in improving the recognition of septic shock
and the development of bundles of care aimed at bettering patient outcomes. The most recent review of vasoactive drugs (labeled “inotropes and vasopressors”)
for septic shock was published in 2010.9,10 That CoSTR
considered all forms of distributive shock, whereas this
ScopRev looked specifically at the use of vasoactive
drugs in pediatric septic shock, excluding other forms
of distributive shock. This ScopRev looked at comparative studies of 1 vasoactive drug with another. To review
the ScopRev, see Supplement Appendix B-3.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with septic shock,
with and without myocardial dysfunction
• Intervention: Use of any specific vasoactive drug
• Comparator: Standard care
• Outcome: Improved patient outcomes (hemodynamics, survival)
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was from 1946 to November 2019.
Summary of Evidence
The ScopRev identified 2 relevant RCTs. The first39 included 60 children with septic shock in emergency departments or critical care units and compared the effects
of dopamine with those of epinephrine. The primary
outcome was resolution of shock in the first hour, which
was more likely to occur among those receiving epinephrine rather than dopamine (OR, 4.8; 95% CI, 1.3–
17.2; P=0.019). On day 3, there were lower sequential
organ failure assessment scores (ie, less derangement) in
the epinephrine group (8 versus 12, P=0.05). There was
no difference in the adverse event rate (16.1% versus
13.8%, P=0.8) and no difference in mortality, although
this study was not powered for mortality.
The second study40 was a double-blind RCT that evaluated 120 children with refractory septic shock (despite
the administration of 40 mL/kg of fluid). Randomization was to either dopamine or epinephrine, with the
primary outcome of 28-day mortality and the secondary outcome of healthcare-associated infection. Dopamine administration was linked with an increased risk of
death and healthcare-associated infection in comparison with epinephrine administration. The PLS Task Force
members were concerned that the doses of epinephrine
would have produced a disproportionately greater physiological effect than the matched doses of dopamine.
To review the ScopRev, see Supplement Appendix B-3.
Of note, the 2020 surviving sepsis guidelines26
suggest the use of epinephrine or norepinephrine
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compared with dopamine based on very-low-quality
evidence. The authors state that they could not make a
recommendation for a first-line vasoactive infusion for
septic shock, noting that in their practices they use epinephrine or norepinephrine.
Task Force Insights
The studies identified by the ScopRev did not evaluate
vasoactive agents other than dopamine and epinephrine
and did not include other drugs such as norepinephrine
that are commonly used to treat fluid-resistant septic
shock. The 2 RCTs were single-center studies in low- and
middle-income healthcare systems, so questions about
their generalizability to other healthcare settings arose.
The task force agreed that the adult findings could not
be extrapolated to the pediatric population because infants and children have different physiological responses
to vasoactive drugs (varying according to age even within the age range of infants and children), particularly
when compared with adult physiological responses.
The task force agreed that the current evidence does
not support the need for a SysRev and the 2010 treatment recommendations remain in effect.9,10
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
There is insufficient evidence to recommend a specific inotrope or vasopressor to improve mortality in pediatric distributive shock. The selection of an inotrope
or vasopressor to improve hemodynamics should be tailored to each patient’s physiology and adjusted to the
individual’s clinical responses.

Corticosteroids for Pediatric Septic Shock
(PLS 413: EvUp)
The PLS Task Force sought an EvUp on this topic because it was last reviewed in 2010.9,10 The evidence for
or against the use of corticosteroids in pediatric septic
shock is of very low certainty. There is limited evidence
that a specific subpopulation may benefit from the administration of corticosteroids, but these patients are not
easily identifiable at the bedside. As a result, the current
(2010) treatment recommendation continues unmodified. To review the EvUp, see Supplement Appendix C-6.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children being treated for
septic shock and circulatory failure in any setting,
during the first hours of treatment
• Intervention: Early administration of corticosteroids
• Comparator: No corticosteroid or postponed
administration
• Outcome: All
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• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was conducted to December 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
There is insufficient evidence to support or refute the
routine use of stress-dose or low-dose hydrocortisone
and/or other corticosteroids in infants and children with
septic shock. Stress-dose corticosteroids may be considered in children with septic shock unresponsive to fluids
and requiring vasoactive support.

PALS: RECOGNITION AND PREARREST
TREATMENTS FOR SHOCK
Graded Volume Resuscitation for Traumatic/
Hemorrhagic Shock (PLS 400: ScopRev)
Rationale for Review
The PLS Task Force reevaluated this topic because the
previous review was published in 2010.9,10 This 2020
ScopRev sought to identify available evidence about the
effectiveness of graded volume resuscitation compared
with standard care for traumatic hemorrhagic shock.
To review the ScopRev, see Supplement Appendix B-3.
The term graded volume resuscitation includes restrictive volume resuscitation and permissive hypotension, with volume administered to resuscitate a hypovolemic trauma victim with relatively small volumes,
repeated to restore perfusion to a specific target.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in hemorrhagic
shock following trauma in any setting
• Intervention: Graded volume resuscitation (now
restrictive volume resuscitation)
• Comparator: Standard care
• Outcome: Any clinical outcome
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was from March 2009 to November 2019.
Summary of Evidence
Seven retrospective pediatric studies were identi- fied.41–
47
All were derived from trauma registries. Only 1
study assessed the volume of fluid given to children

with traumatic injuries in the prehospital setting.41 Four
studies compared the total crystalloid volume given in
24 hours,42,44–46 and 1 study assessed the volume of
crystalloid given to patients needing transfusion.43 The
study that reported the critical outcome of survival to
24 hours41 found no benefit to survival associated with
graded/“limited” volume compared with standard care
for trauma resuscitation. None reported on survival at
30 days with good neurological outcome. For the critical outcome of survival to discharge, 4 studies found
no benefit associated with graded/limited volume administration compared with standard care.41,44,46,47 One
study reported lower survival to hospital discharge associated with high-volume crystalloid administration
(greater than 60 mL/kg per 24 hours) compared with
low- and moderate-volume crystalloid administration (ie, 0–40 mL/kg per 24 hours or 40–60 mL/kg per
24 hours),42 and 1 reported lower survival rates associated with higher administered crystalloid volumes (ie,
greater than 150 mL/kg per 24 hours compared with
150 mL/kg or less per 24 hours) among those receiving massive transfusions.43 Five studies reported an increased hospital or intensive care length of stay associated with higher crystalloid volume administration in
the first 24 hours.42–44,46,47 All studies were retrospective,
and they reported different interventions on differing
patient populations and differing associated outcomes.
Although it is difficult to compare results, there is a suggestion of a possible advantage of using limited volume
resuscitation. To review the ScopRev, see Supplement
Appendix B-4.
Task Force Insights
The task force discussed the term graded resuscitation
used in the 2010 CoSTR evidence evaluation; this term
was infrequently found in the trauma literature published in the past decade. The task force discussed the
definition of hypotensive resuscitation in children and
infants with trauma (because it was agreed that this is
unclear in the literature), as well as other terms used
in trauma resuscitation, such as restrictive resuscitation
and delayed versus early resuscitation.
Adult data favor restrictive volume resuscitation, and
the recommendations for this population have been to
promote damage control resuscitation. The National
Institute for Health and Care Excellence trauma guidelines48 and the American College of Surgeons Advanced
Trauma Life Support guidelines49 follow these principles
for adult practice because both suggest restrictive volume resuscitation with early use of blood components
in hemorrhagic shock.
The task force discussed the ILCOR mandate and
whether it includes the review and analysis of trauma
resuscitation topics. Because trauma remains a major
cause of death in children worldwide and there is still
a lack of evidence-based guidelines, most task force
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members agreed that this is an important issue for ILCOR to address.
RCTs or, in their absence, studies from large trauma
registries are required to address the effects of different
volume resuscitation strategies on mortality and morbidity outcomes. Optimal timing for the administration
of fluid resuscitation in pediatric trauma was not addressed in this review but will be considered for a future
SysRev.
The task force agreed that more data are needed,
but this ScopRev did not identify sufficient new evidence to prompt a new SysRev, so the 2010 treatment
recommendation (noting insufficient evidence to make
a recommendation) remains in place.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
There is insufficient evidence about the best timing
or quantity for volume resuscitation in infants and children with hemorrhagic shock following trauma.

Timing of Intubation for Shock (PLS 399:
EvUp)
The evidence to support specific timing of intubation for infants and children in shock (ie, all types
of shock) was most recently evaluated in 2010.9,10
At that time, the PLS Task Force noted the paucity
of published evidence. This EvUp was undertaken to
identify any relevant evidence published thereafter.
Once again, insufficient evidence was found to warrant the suggestion of a pediatric SysRev. Only 5 animal studies, one 1 adult study and the 2020 Society
of Critical Care Medicine Surviving Sepsis Campaign
International Guidelines for the Management of Septic Shock and Sepsis-Associated Organ Dysfunction
in Children 26 were identified. The 2020 surviving
sepsis guidelines authors noted they were “unable
to make a recommendation about whether to intubate children with fluid-refractory-catecholamineresistant septic shock. However, in our practice, we
commonly intubate children [with] fluid-refractorycatecholamine-resistant septic shock without respiratory failure.”26 To review the EvUp, see Supplement
Appendix C-7.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in shock
• Intervention: Early intubation and assisted
ventilation
• Comparator: The use of these interventions only
for respiratory failure
• Outcome: Improved patient outcomes (hemodynamics, survival)
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• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to December 2019.
Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2010.9,10
There is insufficient evidence to support or refute the
use of endotracheal intubation of infants and children in
shock before the onset of respiratory failure.

Prearrest Care of the Infant or Child With
Dilated Cardiomyopathy or Myocarditis
(PLS 819: EvUp)
This EvUp was performed because the most recent PLS
CoSTR on the topic of prearrest care for a child with
dilated cardiomyopathy or myocarditis was in 2015.11,12
The management of these patients has continued to
evolve since then, noting that the EvUp identified an
additional 5 studies not captured in the 2015 CoSTR.
The task force agreed to consider a request for a
SysRev to assess those studies and any others identified
pertaining to the prearrest care of an infant or child
with myocarditis. Until a new SysRev is completed and
analyzed by the PLS Task Force, the 2015 treatment
recommendation (noting insufficient evidence to make
a recommendation) remains in effect. To review the
EvUp, see Supplement Appendix C-8.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with myocarditis or
dilated cardiomyopathy and impending cardiac arrest
• Intervention: A specific approach
• Comparator: The usual management of shock or
cardiac arrest
• Outcome: Survival with favorable neurological/
functional outcome at discharge, 30 days, 60 days,
180 days, and/or 1 year; survival to hospital discharge; cardiac arrest frequency; ROSC
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was completed in September 2019.
Treatment Recommendation
This treatment recommendation (below) is unchanged
from 2015.11,12
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The confidence in effect estimates is so low that the
panel decided that a specific recommendation was too
speculative.

Cardiogenic Shock and Inotropes (PLS
418: EvUp)
This EvUp was undertaken because the most recent
CoSTR on the topic was published in 2010,9,10 and the
task force sought to identify any studies published after
that review. The task force agreed that there is insufficient evidence identified in the EvUp to consider a request for a SysRev. As a result, the 2010 treatment recommendations9,10 remain in place. To review the EvUp,
see Supplement Appendix C-9.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children who are being
treated for cardiogenic shock in any setting, during the first hours of treatment
• Intervention: The early addition of certain vasoactive drugs
• Comparator: Postponed administration and/or a
specific vasoactive drug versus another
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to December 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
The catecholamine dose for inotropic support in
cardiogenic shock must be titrated for each individual
because there is wide variability in the clinical response
to vasoactive drugs. It is reasonable to use epinephrine, levosimendan, dopamine, or dobutamine for inotropic support in infants and children with cardiogenic
shock. Milrinone may be beneficial for the prevention
and treatment of low cardiac output following cardiac
surgery. There are insufficient data to support or refute the use of norepinephrine in pediatric cardiogenic
shock.

PALS: MANAGEMENT OF
DETERIORATION WITH PULMONARY
HYPERTENSION
This section includes 3 topics about the management
and prevention of critical pulmonary hypertension

crises in the infant or child. All were evaluated by EvUps
to identify the availability of evidence published after
the most recent review of the management of infants
and children with pulmonary hypertension (appeared in
the literature in 2010).9,10

Prevention and Management of
Postoperative Pulmonary Hypertensive
Crises in Infants and Children (PLS 391:
EvUp)
Although the general topic of pulmonary hypertension
was reviewed in the 2010 CoSTR,9,10 the focus was on
treatment of cardiac arrest in patients with pulmonary
hypertension. This EvUp was performed to identify any
evidence about the postoperative care of infants and
children with pulmonary hypertension at high risk of
pulmonary hypertensive crisis. The EvUp identified several RCTs. In addition, the PLS Task Force is aware of 3
scientific publications—2 from the American Heart Association (AHA)50,51 and 1 from the European Pediatric
Pulmonary Vascular Disease Network51a—each group
having completed a SysRev in 2015. The task force
agreed that the EvUp identified sufficient published evidence to indicate the need to consider a SysRev. Until
such time as a new SysRev is completed and analyzed
by the PLS Task Force, the 2010 treatment recommendation remains in effect for treatment of children with
pulmonary hypertension and cardiac arrest. To review
the EvUp, see Supplement Appendix C-10.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with pulmonary
hypertension at high risk of postoperative pulmonary hypertensive crises
• Intervention: Postoperative care such as careful
respiratory management and monitoring to avoid
hypoxia and acidosis
• Comparator: Standard postoperative care
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to November 2019.
Treatment Recommendations
This treatment recommendation for the care of children with pulmonary hypertension and cardiac arrest
(below) is unchanged from 2010.9,10
Rescuers should provide conventional PALS, including oxygenation and ventilation, for cardiac arrest
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associated with pulmonary hypertension. It may be
beneficial to attempt to correct hypercarbia. If the administration of medications (IV or inhaled) to decrease
pulmonary artery pressure has been interrupted, it may
be advisable to reinstitute it.
Inhaled nitric oxide or aerosolized prostacyclin or analogues to reduce pulmonary vascular resistance should
be considered. If these are unavailable, an IV bolus of
prostacyclin may be considered.
Note: A SysRev will be needed to generate treatment
recommendations for postoperative care of children
with pulmonary hypertension at risk for pulmonary hypertensive crisis.

Opioids, Sedatives, and Neuromuscular
Blocking Drugs for Pulmonary
Hypertension (PLS New: EvUp)
Although the general topic of pulmonary hypertension was reviewed in the 2010 CoSTR,9,10 the focus
was on treatment during cardiac arrest; there were
no specific PICOST questions and no treatment recommendations about the use of opioids, sedatives,
and neuromuscular blocking drugs for an infant or
a child with pulmonary hypertension who is not in
cardiac arrest. The PLS Task Force is aware of 3 scientific publications—2 from the AHA50,51 and 1 from
the European Pediatric Pulmonary Vascular Disease
Network51a—each group having completed a SysRev
in 2015. To review the EvUp, see Supplement Appendix C-11. The PLS Task Force agreed to consider the
need for a SysRev to evaluate the available evidence
and see if treatment recommendations were required
after review of the literature.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children at high risk of pulmonary hypertensive crises
• Intervention: Provision of adequate opiates, sedatives, and neuromuscular blocking drugs
• Comparator: Standard care without opiates
• Outcome: All, especially pulmonary hypertensive
crises
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to November 2019.
Treatment Recommendations
There are no previous treatment recommendations.
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Therapy With Inhaled Nitric Oxide
or Prostaglandin I2 for Pulmonary
Hypertensive Crisis and Right Heart
Failure (PLS New: EvUp)
Although the general topic of pulmonary hypertension
was reviewed in the 2010 CoSTR,9,10 the focus was
on the treatment of cardiac arrest; this 2020 EvUp focused on the evidence supporting inhaled nitric oxide
or prostaglandin I2 to manage pulmonary hypertensive
crises and right heart failure in infants and children
with or without cardiac arrest. This EvUp identified 3
scientific publications—2 from the AHA50,51 and 1 from
the European Pediatric Pulmonary Vascular Disease
Network51a—each group having completed a SysRev
in 2015. In addition, a previous EvUp (see Supplement
Appendix C-12) identified a SysRev52 that reported the
results of an RCT on inhaled nitric oxide for the postoperative treatment of pulmonary hypertension.53
The EvUp and the PLS Task Force member group
identified sufficient published data about the use
of inhaled nitric oxide and prostaglandin I2 to consider recommending a SysRev to evaluate the available evidence and, if required, make new treatment
recommendations. Until a new SysRev is completed
and analyzed, the 2010 treatment recommendations
remain in effect for the general management of pulmonary hypertension and not specifically to address
this PICOST because that will require further analysis
of the literature.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children at high risk of pulmonary hypertensive crises
• Intervention: Provision of pulmonary vasodilators
such as inhaled nitric oxide or prostaglandin I2
• Comparator: Standard therapy with no provision
of therapy such as inhaled nitric oxide or prostaglandin I2
• Outcome: Alter the outcome of pulmonary hypertensive crises or acute right heart failure
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to November 2019.
Treatment Recommendations
The broad treatment recommendations published in
2010, regarding inhaled nitric oxide, remain in effect.9,10
Rescuers should provide conventional PALS, including
oxygenation and ventilation for cardiac arrests associated with pulmonary hypertension. It may be beneficial
to attempt to correct hypercarbia. If the administration
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of medications (IV or inhaled) to decrease pulmonary
artery pressure has been interrupted, it may be advisable to reinstitute it.
Inhaled nitrous oxide or aerosolized prostacyclin
or analogue to reduce pulmonary vascular resistance
should be considered. If unavailable, an IV bolus of
prostacyclin may be considered.

PALS: RECOGNITION AND TREATMENT
OF NONARREST ARRHYTHMIAS
Drugs for Supraventricular Tachycardia
(PLS 379: EvUp)
This topic was last reviewed in 2010.9,10 This EvUp was
to identify any evidence about the management of supraventricular tachycardia in infants and children published after 2010. The EvUp identified 6 studies; all were
retrospective and observational, and none compared
adenosine with other IV drugs for the management and
resolution of supraventricular tachycardia. The PLS Task
Force concluded that there was insufficient evidence to
suggest the need for a SysRev and no need to consider
a change in the previous (2010) treatment recommendations.9,10 To review the EvUp, see Supplement Appendix C-13.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with supraventricular tachycardia with a pulse
• Intervention: Use of any drug or combination of
drugs
• Comparator: Adenosine
• Outcome: Termination of abnormal rhythm,
survival
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract from ILCOR 2010
guidance. The search was performed in November
2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
For infants and children with supraventricular tachycardia with a palpable pulse, adenosine should be considered the preferred medication. Verapamil may be
considered an alternative therapy in older children, but
it should not be routinely used in infants. Procainamide
or amiodarone given by a slow IV infusion with careful hemodynamic monitoring may be considered for
refractory supraventricular tachycardia.

Note: The 2020 PLS Task Force wishes to add the
caveat that expert consultation is encouraged before
the use of procainamide or amiodarone.

Treatment for Unstable
Ventricular Tachycardia (PLS 409: EvUp)
The management of unstable VT was last reviewed
in 2010.9,10 This 2020 EvUp was to determine if there
was sufficient evidence to consider a SysRev. The task
force concluded that there was insufficient published
evidence of the management of unstable tachycardia
to recommend the consideration of a SysRev, so the
2010 treatment recommendations remain in effect.9,10
To review the EvUp, see Supplement Appendix C-14.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with unstable ventricular tachycardia (prehospital and in-hospital)
• Intervention: Any drug, combination of drugs, or
intervention (eg, cardioversion)
• Comparator: No drugs or intervention
• Outcome: Termination of rhythm, survival
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The search was
finished in November 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
It is reasonable to use synchronized electric cardioversion as the preferred first therapy for pediatric
VT with hypotension or evidence of poor perfusion.
If drug therapy is used to treat unstable VT, amiodarone may be a reasonable choice, with careful
hemodynamic monitoring performed during its slow
delivery.

CPR for Heart Rate of Less Than 60/min
(PLS 1535: EvUp)
PLS council guidelines54,55 recommend that PLS providers begin chest compressions if an infant or child
has a heart rate under 60 beats per minute with signs
of poor perfusion despite support of the airway, adequate oxygenation, and ventilation; this recommendation represents expert consensus provided by council
guidelines rather than by an ILCOR evidence review.
No previous search strategy was identified for this topic. As a result, a new search strategy was developed.
The EvUp identified 2 nonrandomized studies that
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documented improved outcomes associated with CPR
for bradycardia with pulses and poor perfusion when
compared with outcomes associated with pulseless
electric activity or asystole cardiac arrest without preceding chest compressions.56,57 Lower survival was associated with longer time intervals between the start
of CPR for bradycardia with pulse and poor perfusion,
and the loss of the pulse.56
Although the evidence base is limited, the task force
agreed that the importance of the question when to
initiate CPR for bradycardia suggests the need for consideration of a SysRev. To review the EvUp, see Supplement Appendix C-15.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children who are in cardiac
arrest
• Intervention: Starting CPR if they have a heart rate
of less than 60/min with signs of shock and with a
palpable pulse
• Comparator: Starting CPR for patients with a heart
rate of less than 60/min and no palpable pulse
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion; unpublished studies (eg, conference
abstracts, trial protocols) excluded
• Time frame: All years since 2010 and all languages
were included if there was an English abstract until
December 2019.
Treatment Recommendations
There is no ILCOR PLS treatment recommendation at
this time.

Drugs for the Treatment of Bradycardia:
Atropine Versus No Atropine and
Atropine Versus Epinephrine (PLS New:
EvUps)
The PLS Task Force reviewed this topic in 2010. Two
EvUps were performed to determine if any studies were
published after 2010 about atropine compared with
epinephrine (see Supplement Appendix C-16) and atropine compared with no atropine (see Supplement Appendix C-17) for the treatment of bradycardia in infants
or children. The EvUps identified no studies published
after 2010. After completion of the reviews, however,
the task force identified 1 nonrandomized (in-hospital
registry) study about epinephrine for children receiving
CPR for bradycardia and poor perfusion.58 The PLS Task
Force agreed that there remains insufficient evidence
for consideration of a SysRev; as a result, the 2010
treatment recommendation remains in effect.9,10
9,10
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Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with bradycardia
for any reason
• Intervention: Use of atropine at a specific dose
• Comparator: Not using atropine, using another
drug, or using it [atropine] at a different dose
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was conducted in November 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
Epinephrine may be administered to infants and
children with bradycardia and poor perfusion that is
unresponsive to ventilation and oxygenation. It is reasonable to administer atropine for bradycardia caused
by increased vagal tone or anti-cholinergic drug toxicity. There is insufficient evidence to support or refute
the routine use of atropine for pediatric cardiac arrest.

Emergency Transcutaneous Pacing for
Bradycardia (PLS New: EvUp)
This topic was last addressed by the Pediatric Task Force
in 2000,59 when an international consensus on science
and international guidelines were published. As a result, the PLS Task Force requested an EvUp to determine
if there was relevant evidence to suggest the need to
consider a SysRev. After review of the EvUp (see Supplement Appendix C-18), the task force agreed that there
is insufficient evidence to suggest the need for a SysRev. As a result, the 2000 treatment recommendation
remains in effect.59
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• There was no previous PICOST for this question.
See Supplement Appendix C-18 for details of the
search strategy.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2000.59
In selected cases of bradycardia caused by complete
heart block or abnormal function of the sinus node,
emergency transthoracic pacing may be lifesaving. Pacing is not helpful in children with bradycardia secondary
to a postarrest hypoxic/ischemic myocardial insult or respiratory failure. Pacing was not shown to be effective
in the treatment of asystole in children.
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Channelopathies (PLS 417: EvUp)

PALS: MANUAL DEFIBRILLATION

The topic of channelopathies was last addressed in the
PLS 2010 CoSTR.9,10 That review as well as this 2020
EvUp considered a channelopathy after either sudden,
unexplained death in children or after an attempted resuscitation following sudden unexplained cardiac arrest
in a previously healthy child or young adult.
One issue identified in both the 2010 and this 2020
evidence evaluation is that there is a role for selective
screening for inheritable heart disease and channelopathy where indicated but that expert advice should be
sought in this regard. To review the EvUp see Supplement Appendix C-19. The 2010 treatment recommendation remains in effect.9,10 For clarity, the task force
modified the first sentence to begin with “Following
attempted resuscitation for” before “sudden cardiac
arrest” to make clear that the screening is performed
after resuscitation efforts, not during them.

This section includes several topics on the subject of
pediatric manual defibrillation, including pad size and
type and pad or paddle placement during defibrillation,
the use of stacked shocks, and the evidence about defibrillation energy dose in infants and children.

Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
The following PICOST elements were used in the 2010
review.9,10
• Population: Infants and children undergoing resuscitation from cardiac arrest
• Intervention: Consideration of a channelopathy as
the etiology of the cardiac arrest
• Comparator: Standard management
• Outcome: ROSC, survival to discharge, survival
with favorable neurological outcome
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract in ILCOR. The
search was performed in November 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
After attempted resuscitation for sudden unexplained
cardiac arrest, providers should obtain a thorough history
(including syncopal episodes, seizures, unexplained accidents/ or drownings, or sudden death) and review any
available previous electrocardiograms. All infants, children, and young adults with sudden, unexpected death
should, if possible, have an unrestricted complete autopsy, preferably performed by pathologists with training
and expertise in cardiovascular pathology. Consideration
should be given to the reservation and genetic analysis
of tissue from the index patient to determine the presence or absence of a channelopathy. It is recommended
that families of patients who child’s cause of death is not
found on autopsy be referred to a healthcare provider
or center with expertise in cardiac rhythm disturbances.

Pad Size, Type, and Placement for
Pediatric Defibrillation (PLS 378 and
PLS 043: EvUp)
The topics of pad size and placement and adhesive pads
compared with paddles were last reviewed in 2010.9,10
In the decade after that review, the technological advances were rapid, hence an EvUp was performed to
identify any relevant evidence published after 2010.
The PLS Task Force agreed to combine these topics into
a single EvUp because they expected to identify relatively little evidence. (To review the EvUp, see Supplement Appendix C-20). The task force agreed that the
EvUp did not identify sufficient evidence to suggest the
need to consider a SysRev, so the 2010 treatment recommendations for both topics remain in effect.9,10
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in cardiac arrest
in any setting
• Intervention: Specific use of self-adhesive pads or
any specific paddle or pad size, orientation, and
position
• Comparator: Use of paddles or any other paddle
or pad size, orientation, and position
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was from 2010 to December 2019.
Treatment Recommendations
These treatment recommendations (below) are unchanged from 2010.9,10
There is insufficient evidence to alter the current recommendations to use the largest size paddles that fit
an infant’s or child’s chest without touching each other
or to recommend one paddle or pad position or type
over another.
Either self-adhesive defibrillation pads or paddles
may be used in infants and children in cardiac arrest.
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Energy Doses for Defibrillation (PLS 405:
ScopRev)
Rationale for Review
In the 2015 CoSTR,11,12 the PLS Task Force recommended
an initial dose of 2 to 4 J/kg to treat shockable rhythms
of cardiac arrest. There are differences in the first shock
dose recommended by ILCOR member councils, however, with the European Resuscitation Council recommending 4J/kg for the first and all subsequent shocks55
and the AHA recommending an initial dose of 2 to 4 J/kg
(but for ease of teaching, a dose of 2 J/kg is used in algorithms and training materials). For refractory VF, the AHA
guidelines recommend increasing the defibrillation dose
to 4 J/kg, suggesting that subsequent energy doses should
be at least 4 J/kg and noting that higher levels may be
considered, not to exceed 10 J/kg.60 The task force undertook this review to determine if sufficient evidence exists
to recommend consideration of a SysRev that may result
in greater consistency in doses recommended for pediatric
manual defibrillation. See Supplement Appendix B-5.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children who are in VF or
pVT in any setting
• Intervention: Specific energy dose or regimen of
energy doses for the initial or subsequent defibrillation attempt(s)
• Comparator: 2 to 4 J/kg
• Outcome: Harm to the patient, ROSC, hospital
discharge, long-term survival, survival with good
neurological outcome
Summary of Evidence
The review identified a single 2019 SysRev61 of pediatric
human and animal studies that met the search criteria. The SysRev identified no studies linking the initial
or cumulative energy delivered to survival to hospital
discharge and no link between long-term survival or
survival with good neurological outcome. Meta-analysis
could not be performed because the component population groups were extremely heterogeneous.
Task Force Insights
Shockable rhythms are less common in infants and children with OHCA (less than 10%62,63) compared with inhospital cardiac arrest (IHCA) (5% to 24%64,65) and less
common in pediatric than in adult OHCA66 and in
IHCA.64 The task force acknowledged that the lower
frequency of occurrence does affect the sample size for
studies to demonstrate statistically significant improvement in survival associated with different defibrillation
energy doses.
It may be difficult to determine accurately the
precise weight of children with OHCA in the prehospital arena (as may be the case in the emergency
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department setting for such patients), hence the calculation of defibrillation doses administered in J/kg
could be imprecise. In addition, the interval from cardiac arrest to the delivery of first shock and the quality
of CPR could each influence the outcomes for VF or
pVT survival after shock delivery.
None of the studies identified in the single SysRev61
found a significant association between the initial defibrillation energy dose and the rate of sustained ROSC
or survival. The task force agreed to prioritize this topic
for consideration of a SysRev; until it is completed and
reviewed, the 2015 treatment recommendation remains in effect.11,12
Note: In June 2020, task force members received a
PubMed automated alert about the publication of a
new study of energy doses for pediatric defibrillation.
The task force chair (IM) repeated the original search
and verified that the study identified67 was the only
study meeting the search criteria published since the
November 2019 search on the topic. The new in-hospital registry study identified 422 infants and children
18 years of age or younger with cardiac arrest and initial VF/pVT. First shock energy doses other than 1.7 to
2.5 J/kg were associated with lower survival to hospital
discharge among the 301 patients 12 years of age or
younger with initial VF/pVT, and first shock doses more
than 2.5 J/kg were associated with lower survival rates
in all patients 18 years of age or younger with initial
VF.67 There was insufficient time for the task force to
analyze the study or its conclusions before submission
of this PLS CoSTR, but the task force did want to acknowledge this additional new publication.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2015.11,12
We suggest the routine use of an initial dose of
2 to 4 J/kg of monophasic or biphasic defibrillation
waveforms for infants or children in VF or pVT cardiac arrest (weak recommendation, very-low-quality
evidence). There is insufficient evidence on which to
base a recommendation for second and subsequent
defibrillation doses.

Single or Stacked Shocks for Pediatric
Defibrillation (PLS 389: EvUp)
The evaluation of the evidence in support of single
compared with stacked shocks for pediatric defibrillation was most recently addressed in 2010.9,10 The task
force undertook this EvUp to identify any new evidence
published after 2010. The task force agreed that there
was no new evidence to suggest the need to consider
a request for a SysRev or to change the 2010 treatment
recommendation. To review the EvUp, see Supplement
Appendix C-21.
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Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in VF or pVT in
any setting
• Intervention: More than 1 shock for the initial or
subsequent defibrillation attempt(s)
• Comparator: A single shock
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated in December 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
A single-shock strategy followed by immediate
CPR (beginning with chest compressions) is recommended for children with out-of-hospital or in-hospital VF or pVT.

PALS: AIRWAYS, OXYGENATION, AND
VENTILATION
Central to the management of the critically ill or injured
child is to ensure that the airway is patent and that ventilation and oxygenation are effective.
In this section, the evidence evaluations for the following airway and oxygenation and ventilation topics are summarized: ventilation rate when a perfusing
rhythm is present, oxygen concentration during cardiac arrest, ventilation during CPR with bag and mask
compared with an advanced airway, use of cuffed or
uncuffed tracheal tubes, minute ventilation during cardiac arrest, use of cricoid pressure during intubation,
use of devices to verify advanced airway placement,
and ventilation rate with an advanced airway during
cardiac arrest.

Ventilation Rate When a Perfusing
Rhythm Is Present (PLS 3103A and PLS
382: EvUp)
This EvUp was undertaken to determine if there was
published evidence to support the recommendation to
deliver 1 breath every 3 seconds or any other specific
ventilation rate for infants and children who require
bag-mask ventilation but have a pulse and perfusing
rhythm. The 2000 CoSTR on pediatric basic life support noted, “the goal of ventilation with a bag and
mask should be to approximate normal ventilation
and achieve physiological oxygen and carbon dioxide

concentration while minimizing risk of iatrogenic injury.”68 The recommendation was based on expert consensus rather than a formal review of the evidence on
the subject. To review the EvUp, see Supplement Appendix C-22.
The PLS Task Force has not made any previous recommendations for specific ventilation rate for the infant or child with respiratory arrest and a perfusing
rhythm. Such recommendations have been included
in council guidelines rather than in the ILCOR CoSTRs.
The search conducted in December 2019 for this EvUp
did not reveal any relevant evidence, and the task force
concluded that there was no need to consider a recommendation for a SysRev.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with a perfusing
rhythm but absent or inadequate respiratory effort
• Intervention: Giving 1 breath every 3 to 5 seconds
(12–20 breaths/min)
• Comparator: Alternative ventilation rates
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated in February 2019.
Treatment Recommendations
No treatment recommendations will be made until a
future SysRev identifies sufficient evidence to make a
recommendation.

Oxygen Concentration During Cardiac
Arrest (PLS 396: ScopRev)
Rationale for Review
The published evidence supporting a specific inspired
oxygen concentration to use during attempted resuscitation of infants and children was last reviewed in
2010.9,10 To review the ScopRev, see Supplement Appendix B-6.
The evidence supporting titration of oxygen after
ROSC is addressed in a separate review; see Oxygen
and Carbon Dioxide Targets in Pediatric Patients With
Return of Spontaneous Circulation After Cardiac Arrest.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants (age 28 days to 12 months)
and children in cardiac arrest in any setting
• Intervention: Fraction of inspired oxygen (Fio2)
titrated to oxygenation during cardiac arrest
• Comparator: Use of 100% oxygen (Fio2 1.00)
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• Outcome: Any
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to October 2019.
Summary of Evidence
The ScopRev identified no human studies in infants (beyond the neonatal period) and children about oxygen
concentration or its titration during cardiopulmonary
resuscitation. The ScopRev identified 2 SysRevs69,70 and
a 2019 ILCOR CoSTR summary statement71,72 about
initial resuscitation of newborns, although these were
not relevant to this 2020 ScopRev. This is because they
pertained to the resuscitation of newborns in the first
minutes of life (ie, during the transition from placental
to pulmonary oxygenation).
The ScopRev identified 2 studies in immature animal
models,73,74 a SysRev with meta-analysis of neonatal animal models,75–77 and 2 mature animal studies.78,79 From
this body of work there appeared to be no difference in
ROSC rates but greater evidence of metabolic derangement associated with the administration of 100% oxygen during resuscitation of the animals.
Task Force Insights
There were no human studies in infants or children
that addressed the topic, and the indirectness of results
from animal models were considered insufficient to alter the existing 20109,10 treatment recommendation.
Also see Oxygen and Carbon Dioxide Targets in Pediatric Patients With Return of Spontaneous Circulation
After Cardiac Arrest below.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010. Note that the task force deleted a second
recommendation that was included in the 2010 treatment recommendations regarding Fio2 after ROSC because it is addressed in a separate 2020 treatment recommendation.9,10
There is insufficient information to recommend a
specific inspired oxygen concentration for ventilation
during attempted resuscitation after cardiac arrest in
infants and children.

Ventilation During CPR With Bag and
Mask Compared With an Advanced
Airway (2019 CoSTR)
A 2019 SysRev 80 and an ILCOR Pediatric CoSTR
statement were published as part of the 2019
CoSTR summary.71,72 The publications addressed
advanced airway interventions for pediatric cardiac
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arrest, comparing bag-mask ventilation with ventilation through an advanced airway. Refer to those
publications for details of the evidence summary and
task force considerations.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in any setting (inhospital or out-of-hospital) who have received
chest compressions or a shock and are receiving
CPR
• Intervention: Placement of an advanced airway
device
• Comparator: Primary—bag-mask ventilation alone
or with non–advanced airway interventions; secondary—another advanced airway device
• Outcome: Any clinical outcome
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to January 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2019, with the minor addition of “or insertion of”
before “a supraglottic airway.”71,72
We suggest the use of bag-mask ventilation rather
than tracheal intubation or insertion of a supraglottic
airway in the management of children with cardiac arrest in the out-of-hospital setting (weak recommendation, very-low–certainty evidence).
There is insufficient evidence to support any recommendation about the use of tracheal intubation or
insertion of a supraglottic airway in the management
of children with cardiac arrest in the in-hospital setting.

Use of Cuffed or Uncuffed Tracheal Tubes
(PLS 412: EvUp)
The PLS Task Force last reviewed the evidence
comparing cuffed with uncuffed tracheal tubes in
2010.9,10 This 2020 EvUp was to identify any evidence on the topic published after 2010. The EvUp
identified 3 SysRevs, 2 RCTs, and 3 observational
studies published since the previous evidence review.
To review the EvUp, see Supplement Appendix C-23.
The task force agreed that the evidence identified by
the 2020 EvUp supports the consideration of a SysRev about the use of cuffed versus uncuffed tubes
in cardiopulmonary resuscitation to ascertain if the
treatment recommendation requires modification.
Until the completion and analysis of a new SysRev,
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the 2010 treatment recommendation remains in effect.9,10
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with respiratory
failure who undergo endotracheal intubation in
any setting
• Intervention: Use of cuffed tracheal tubes
• Comparator: Use of uncuffed tracheal tubes
• Outcome: Any
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to December 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
Both cuffed and uncuffed tracheal tubes are acceptable for infants and children undergoing emergency
intubation. If tracheal tubes are used, avoid excessive
cuff pressures.

Atropine for Emergency Intubation (PLS
821: EvUp)
The PLS Task Force reviewed the evidence about the
routine use of atropine as a premedication before
emergency intubation in 2015.11,12 An EvUp was undertaken but found insufficient literature for consideration of a SysRev. To review the EvUp, see Supplement Appendix C-24. The 2015 CoSTR remains in
effect.11,12
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children requiring emergency tracheal intubation
• Intervention: Use of atropine as a premedication
before intubation
• Comparator: No use of atropine
• Outcome: Survival with favorable neurological
outcome at 180 days, survival to hospital discharge, survival with favorable neurological outcome at 30 days follow-up, survival with favorable
neurological outcome at discharge, likelihood of
cardiac arrest, likelihood of shock, incidence of
arrhythmias
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion

• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to September 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2015.11,12
The confidence in effect estimates is so low that the
panel decided that a recommendation was too
speculative.

Cricoid Pressure During Intubation (PLS
376: EvUp)
The PLS Task Force last reviewed the evidence about
the use of cricoid pressure during tracheal intubation
in 2010.9,10
The EvUp identified 2 observational studies suggesting an association between external laryngeal manipulation, such as cricoid pressure, and increased difficulty
during tracheal intubation of children in the emergency
setting. To review the EvUp, see Supplement Appendix
C-25. The PLS Task Force concluded that they should
consider the need for a comprehensive SysRev to determine if the 2020 treatment recommendation should
be amended. Until a new SysRev is completed and analyzed by the PLS Task Force, the 2010 treatment recommendation remains in effect.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children treated for acute
illness or injury in any setting, during first hour of
treatment
• Intervention: Use of cricoid pressure or laryngeal
manipulation during endotracheal intubation
• Comparator: Any other type of or no laryngeal
manipulation
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to December 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
If cricoid pressure is used during emergency intubation in infants and children, it should be discontinued
if it impedes ventilation or interferes with the speed or
ease of intubation.
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Use of Devices to Verify Advanced
Airway Placement (PLS 385: EvUp)
This 2020 EvUp was undertaken to determine if there
was new evidence to support the use of devices to confirm advanced airway placement published after the
most recent review of the topic in 2005.81,81a The EvUp
identified 1 SysRev,82 relevant output from national surveys,83 and 2 RCTs.84,85 Although these studies chiefly
involved adults or preterm infants rather than infants
beyond 28 days of age or children, the PLS Task Force
agreed that there is sufficient new evidence to suggest the need to consider a SysRev. Until a new SysRev
is completed and analyzed by the PLS Task Force, the
2005 treatment recommendation remains in effect. To
review the EvUp, see Supplement Appendix C-26.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children who are in respiratory failure who undergo endotracheal intubation in any setting
• Intervention: The use of devices (eg, CO2 detection device, CO2 analyzer, or esophageal detector
device)
• Comparator: Not using such a device
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to November 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2005.81 The task force agreed to remove the
weight minimum of 20 Kg or greater for capnography.
In addition, the task force noted that continuous monitoring of waveform capnography has now become routine in many settings.
Confirmation of tracheal tube position using exhaled
CO2 detection (colorimetric detector or capnography)
should be used for intubated infants and children with
a perfusing cardiac rhythm in all settings (eg, out-ofhospital, emergency department, intensive care unit,
inpatient, operating room). In infants and children with
a perfusing rhythm, it may be beneficial to monitor
continuous capnography or frequent intermittent detection of exhaled CO2 during out-of-hospital and intrahospital or interhospital transport.
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Ventilation Rate With Advanced Airway
During Cardiac Arrest (PLS 3103A and PLS
382: EvUp)
The 2010 CoSTR was the most recent review of the
evidence about optimal minute ventilation (product of
tidal volume and respiratory rate/min) after the placement of an advanced airway during CPR in infants or
children. The minute ventilation recommended in the
2010 CoSTR was based on expert consensus.9,10
This 2020 EvUp was to identify any evidence published after 2010 that might indicate the need for a
new SysRev and for possible modification of the current treatment recommendations. This EvUp was prioritized for inclusion in this 2020 CoSTR because the
task force identified the differences in recommended
or proposed minute ventilation and respiratory rates
across resuscitation councils and sought to identify
any evidence that could assist in the development of a
consistent recommended ventilation rate.
The EvUp identified a small single-center observational paper that reported an association of ventilation rates during cardiac arrest higher than 12 to
20/min with improved outcomes.86 Ongoing studies
are anticipated to conclude later in 2020 that may
provide further data. As a result, the PLS Task Force
will await the publication of more evidence to consider the need for a SysRev and possible revision
of the treatment recommendation. To review the
EvUp, see Supplement Appendix C-27.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with cardiac arrest
and an advanced airway
• Intervention: The use of a higher ventilation rate
• Comparator: The current recommendation of 8 to
10 breaths/min
• Outcome: ROSC, survival to discharge, survival
with favorable neurological status
Treatment Recommendations
The treatment recommendations (below) are unchanged from 2010 except for a minor edit to clar- ify
types of arrest as asphyxial or arrhythmic (rather than
VF) in origin.9,10
After placement of a secure airway, avoid hyperventilation of infants and children during resuscitation from
cardiac arrest, whether asphyxial or arrhythmic in origin.
A reduction in minute ventilation to less than baseline for age is reasonable to provide sufficient ventilation to maintain adequate ventilation-to-perfusion ratio
during CPR while avoiding the harmful effects of hyperventilation.
There are insufficient data to identify the optimal
tidal volume or respiratory rate.
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PALS: CIRCULATORY SUPPORT DURING
CPR
Extracorporeal CPR for In-Hospital
Cardiac Arrest (2019 CoSTR)
A SysRev about extracorporeal CPR (ECPR) for pediatric
IHCA was performed in 201887 and an ILCOR Pediatric
CoSTR was published as part of the 2019 CoSTR summary.71,72 The summary of the consensus on science can
be found in that 2019 CoSTR. Refer to those publications for details of the evidence summary and task force
considerations.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Adults (age 18 years or older) and
children (age younger than 18 years) with cardiac
arrest in any setting (out-of-hospital or in-hospital)
• Intervention: Extracorporeal CPR (ECPR) including
extracorporeal membrane oxygenator therapy or
cardiopulmonary bypass during cardiac arrest
• Comparator: Manual or mechanical CPR
• Outcome: Clinical outcomes, including short-term
survival and neurological outcomes (eg, hospital
discharge, 28 days, 30 days, and 1 month) and
long-term survival and neurological outcomes (eg,
at 3 months, 6 months, and 1 year)
• Study design: RCTs and nonrandomized studies (nonRCTs, interrupted time series, controlled before-andafter studies, cohort studies) eligible for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to January 2019.
Treatment Recommendations
These treatment recommendations (below) are unchanged from 2019.71,72
We suggest that ECPR may be considered as an intervention for selected infants and children (eg, pediatric cardiac populations) with IHCA refractory to conventional CPR in settings where resuscitation systems allow
ECPR to be well performed and implemented (weak
recommendation, very low-quality evidence).
There is insufficient evidence in pediatric OHCA to formulate a treatment recommendation for the use of ECPR.

PALS: PHYSIOLOGICAL MONITORING
DURING ARREST TO GUIDE
THERAPY AND/OR INTRA-ARREST
PROGNOSTICATION
Physiological monitoring and feedback during CPR can
facilitate the adjustment of CPR delivery during resuscitation and, as a result, may improve the quality of resuscitation and even resuscitation outcomes. Such monitoring

may also allow for “individualized CPR” tailored to the
patients’ needs and their responses to resuscitation interventions. This section highlights the reviews about the
use of invasive blood pressure monitoring, bedside ultrasound, near-infrared spectroscopy, and end-tidal carbon
dioxide (ETCO2) to assist with the optimal delivery of CPR.

Invasive Blood Pressure Monitoring
During CPR (PLS 826: ScopRev)
Rationale for Review
Maintenance of adequate arterial systolic (compression) and diastolic (relaxation) or mean pressure during
CPR is crucial to maintain coronary and cerebral perfusion. Maintaining a sufficient minimum threshold blood
pressure should be associated with improved clinical
outcomes. It is unknown if CPR directed to meet individualized rather than uniform standard blood pressure
targets will improve outcomes from cardiac arrest. This
topic was most recently reviewed in 2015,11,12 and the
2020 ScopRev was performed to identify any evidence
on this topic published after 2015.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children undergoing CPR
• Intervention: Use of invasive hemodynamic monitoring to titrate to a specific systolic and diastolic
blood pressure
• Comparator: No use of invasive monitoring to a
specific systolic and diastolic blood pressure
• Outcome: Change in survival to 180 days with
good neurological outcome, survival to 60 days
with good neurological outcome, survival to hospital discharge with good neurological outcome,
the likelihood of survival to discharge or ROSC
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to November 2019.
Summary of Evidence
There was no association between blood pressures
measured during CPR and neurological outcomes in
an observational study of survivors of pediatric critical
care (including cardiac critical care).88 In an observational study of a highly selected pediatric critical care
population with arterial pressure monitoring in place
when cardiac arrest developed, there was a significant
association between the mean diastolic blood pressure
of 25 mm Hg or greater in infants and 30 mm Hg or
greater in children within the first 10 minutes postarrest
and their survival as well as with survival with favorable

Downloaded from www.aappublications.org/news by guest on November 18, 2020

S163

neurological function.89 To review the ScopRev, see
Supplement Appendix B-7.
Task Force Insights
The information identified in this ScopRev applies only
to pediatric patients with intra-arterial access along with
continuous monitoring of blood pressure at the time
they develop cardiac arrest. The work by Berg and colleagues89 identified an association between the mean
diastolic blood pressure associated with neurologically
intact survival and the blood pressure thresholds below
which no child survived. The evidence was too limited, however, to consider the diastolic blood pressure
threshold by itself sufficient to identify CPR futility.
The PLS Task Force considered that, for children with
IHCA and an arterial line already in place, hemodynamic-directed CPR might be considered. The task force
agreed, however, that more evidence is required and
that there is insufficient evidence currently available to
consider a request for a SysRev. The 2015 treatment
recommendation remains in effect.11,12
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2015.11,12
The confidence in effect estimates is so low that
the panel decided that a recommendation was too
speculative.

Use of Near-Infrared Spectroscopy During
Cardiac Arrest (PLS New: ScopRev)
Rationale for Review
NIRS is a noninvasive mode of estimating regional cerebral and renal/mesenteric oxygen saturation (rSco2)
and can detect these signals in no blood flow situations as in cardiopulmonary arrest. Cerebral NIRS values can reflect cerebral physiological changes (ie,
intracranial tissue oxygenation that can be affected
by arterial blood flow, tissue perfusion, and venous
drainage) during cardiac arrest, during changes in intracranial pressure, during arrest resolution, and after ROSC. NIRS uses adhesive sensors placed on the
forehead (to evaluate regional cerebral oxygen saturation of hemoglobin rSco2 and over the abdomen.
Each sensor contains a light source and 2 fiberoptic
bundles that can detect the light absorption and reflection at different tissue depths.
This ScopRev addresses the use of NIRS as an intraarrest variable that may assist in tailoring CPR technique
to improve blood flow and oxygen delivery. The PLS
Task Force has not previously considered use of NIRS
in this manner, hence there are no current treatment
recommendations. To review the ScopRev, see Supplement Appendix B-8.
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Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in any setting (inhospital or out-of-hospital) with cardiac arrest
• Intervention: The presence of variables—images,
cut-off values, or trends—during CPR (intra-arrest)
that can provide physiological feedback to guide
resuscitation efforts, namely NIRS and cerebral
oxygen saturation monitoring
• Comparator: The absence of such factors—
images, cut-off values, or trends
• Outcome: Any clinical outcome
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to October 2019.
Summary of Evidence
The ScopRev identified no pediatric RCTs but did identify 1 ongoing adult RCT that compared the outcomes
of NIRS-guided CPR with current standard CPR practice (this study is anticipated to conclude in 2021)
(NCT03911908) and 2 adult SysRevs. Both adult SysRevs concluded that higher rSco2 was associated with
higher likelihood of ROSC and survival, whereas lower
rSco2 was associated with an increased mortality.90,91
There was no consensus on the predictive threshold
value of rSco2 for any outcomes.92–94 A trend of rising rSco2 (between 7% and 15% from baseline measurement) may be a more reliable predictive factor for
ROSC.90,95,96
The ScopRev also identified 2 observational studies
of NIRS in children during CPR. One found that cerebral
physiological changes were associated with changed
NIRS measurements during cardiac arrest, increased
intracranial pressure reduction, arrest resolution, and
after ROSC.97
The second small study found an association between higher minimum rSco2 during CPR and ROSC,98
but overall survival was too low to detect changes in
survival. An adult observational study found ETCO2 to
be a more accurate predictor of ROSC in OHCA.99
Task Force Insights
Survival after cardiac arrest may increase when resuscitation is tailored to the cause of the arrest and to the
patient’s responses to treatment. The level of certainty
about the use of NIRS is very low, however, and the
absence of consensus thresholds reduces its usefulness.
The value of monitoring trends in the rSco2 during pediatric resuscitation still requires validation. The PLS Task
Force agreed that given the limited evidence available,
there was currently insufficient evidence to warrant
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consideration of a SysRev. As a result, there will continue to be no treatment recommendation.
Treatment Recommendations
No treatment recommendation has been made.

Bedside Ultrasound to Identify Perfusing
Rhythm (PLS 408: ScopRev)
Rationale for Review
This topic was most recently reviewed in the 2010
CoSTR document.9,10 The PLS Task Force agreed that the
increased use of this technology warranted a ScopRev
to determine any evidence published after 2010. To review the ScopRev, see Supplement Appendix B-9.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in any setting (inhospital or out-of-hospital) with cardiac arrest
• Intervention: Point-of-care ultrasound (echocardiography during cardiac arrest)
• Comparator: Absence of point-of-care ultrasound
(echocardiography)
• Outcome: Any clinical outcome
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and all languages were
included if there was an English abstract. This literature search was updated to May 2019.
Summary of Evidence
The PLS Task Force posed 3 questions for this ScopRev:
1. Can diagnostic images be reliably obtained by
noncardiology sonographers?
2. Can reversible causes of death be identified with
high sensitivity and specificity?
3. Can the procedure be used to predict outcome?
Echocardiography typically requires pauses in chest
compressions,100–103 although the use of a protocol can
reduce the duration of these pauses.103,104 Practical difficulties in the use of ultrasound in infants and children
(that do not occur in adults) include small patient size
that may limit access to some views, particularly if other
monitoring pads are on the chest. In addition, abnormal cardiac anatomy requires advanced training if noncardiac sonographers are to derive helpful information
in this setting.
There is very limited pediatric evidence documenting
the use of ultrasonography to identify reversible causes
of arrest, for prognostication, or to determine cardiac
futility. One small series of high-risk children with ultrasound diagnosis of pulmonary emboli resulted in successful thrombolytic therapy for all, with 80% survival

to hospital discharge.105 Complete cardiac standstill as
determined sonographically is unlikely to be used as a
sign of futility during pediatric resuscitation in light of
case reports demonstrating that use of ECPR resulted
in viable cardiac function after cardiac standstill.106 Finally, significant cost is associated with the purchase of
equipment and training of users, which may limit its use
in resource-limited settings.
Task Force Insights
The PLS Task Force agreed that they would not accept
direct extrapolation from adult studies of bedside ultrasonography because there are substantial differences between adult and pediatric cardiac arrest in terms of causes,
anatomy, and technical matters—challenges that could
affect the usefulness and accuracy of the ultrasound. Although the technology is widely used within the pediatric
critical care, emergency, and resuscitation communities,
more data detailing its advantages, pitfalls, and characteristics of performance are needed so that its usefulness and
limitations in pediatric cardiac arrest can be fully defined.
In addition, there is inadequate pediatric evidence
about its intra-arrest prognostic utility, and the task
force urges great caution until more literature is available. See Supplement Appendix B-9.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
There is insufficient evidence to recommend for
or against the routine use of bedside ultrasound and
echocardiography during a pediatric arrest. Ultrasonography may be considered to identify potentially treatable causes of an arrest when appropriately skilled personnel are available, but the benefits must be carefully
weighed against the known deleterious consequences
of interrupting chest compressions.

End-Tidal CO2 Monitoring During CPR
(PLS 827: ScopRev)
Rationale for Review
The PLS Task Force initially recommended ETCO2 monitoring to confirm tracheal tube placement in 2000.59
ETCO2 monitoring can also offer an indirect indication
of cardiac output and pulmonary blood flow (noting
caveats in relation to pulmonary blood flow and ventilation: perfusion ratio or with, for example, rapid
changes caused by deterioration or response to effective treatment). As a result, ETCO2 has been proposed
as a method to evaluate the effectiveness of CPR and
to identify possible ROSC. A rapid increase in ETCO2
may be associated with improved CPR (or ROSC), and a
sustained decline or persistently low ETCO2 may be observed in the absence of ROSC. This 2020 ScopRev was
performed to identify the evidence available to support
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the use of ETCO2 to provide feedback to guide resuscitation efforts.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in any setting (inhospital or out-of-hospital) with cardiac arrest
• Intervention: Presence of variables—images, cutoff values, or trends—during CPR (intra-arrest)
that can provide physiological feedback to guide
resuscitation efforts, namely ETCO2
• Comparator: The absence of such factors—
images, cut-off values, or trends
• Outcome: Any clinical outcomes
• Time frame: All years and languages were included
if there was an English abstract. This literature
search was updated to January 2020.
Summary of Evidence
The ScopRev identified only 2 pediatric observational
studies,107,108 so the search was extended to include
adult and animal literature. The latter evidence is indirect, meaning that caution is needed in extrapolating
their findings to children. To review the ScopRev, see
Supplement Appendix B-10.
Task Force Insights
The PLS Task Force agreed that it is important to identify
measures to improve the quality of CPR. Accurate monitoring of ETCO2 during resuscitation, however, requires
the insertion of an advanced airway; advanced airway
insertion may produce undesirable effects (see Ventilation During CPR With Bag and Mask Compared With
an Advanced Airway). The 2 pediatric observational
studies identified by the ScopRev included a subset of
children in cardiac arrest, namely those who were intubated in the intensive care unit at the time of arrest.
This is a very different population from infants and children with OHCA or those who arrest in less specialized
settings such as a less well-resourced general pediatric
hospital setting or clinic.
The PLS Task Force agreed that the evidence for or
against the use of ETCO2 to guide resuscitation efforts
and improve pediatric cardiac arrest outcomes is insufficient to recommend consideration of a SysRev. As a
result, the 2015 treatment recommendation remains in
effect.11,12
Treatment Recommendations
This treatment recommendation (below) is unchanged
from the 2015.11,12
The confidence in effect estimates is so low that
the panel decided that a recommendation was too
speculative.
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PALS: RESUSCITATION DRUG
ADMINISTRATION AND TIMING
Drugs are used in resuscitation to support cardiovascular physiology and organ perfusion and to ameliorate
underlying pathophysiologic processes to reduce morbidity and mortality. The medication topics that were
evaluated for 2020 included the optimal ways to calculate body weight for prescribing medications dosed by
weight, amiodarone versus lidocaine for shock-resistant
VF or pVT, and the role of sodium bicarbonate and of
calcium in the management of cardiopulmonary arrest.

Methods of Calculating Pediatric Drug
Doses (PLS 420: EvUp)

The PLS Task Force last considered this topic in 2010.9,10
The search performed for this EvUp identified multiple
publications relating to pediatric weight estimation,
considering many different methods of weight estimation. In light of the volume of pediatric publications
identified, the PLS Task Force agrees that there is sufficient evidence to consider a request for a SysRev. Until
the SysRev is completed and analyzed, the 2010 treatment recommendation remains in effect. To review the
EvUp, see Supplement Appendix C-28.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Pediatric patients with cardiac arrest
(prehospital [OHCA] or in-hospital [IHCA])
• Intervention: The use of any specific alternative
method for calculating drug dosages
• Comparator: Standard weight-based dosing
• Outcome: Achieving expected drug effect, ROSC,
survival, avoidance of toxicity
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to October 2019.
Treatment Recommendations
These treatment recommendations (below) are unchanged from 2010.9,10
To calculate the dose of resuscitation medications,
use the child’s weight if known. If the child’s weight
is unknown, it is reasonable to use a body length tape
with precalculated doses.
In nonobese pediatric patients, initial resuscitation
drug doses should be based on actual body weight
(which closely approximates ideal body weight). If necessary, body weight can be estimated from body length.
In obese patients, the initial doses of resuscitation
drugs should be based on ideal body weight that can
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be estimated from length. Administration of drug doses
based on actual body weight in obese patients may result in drug toxicity.
Subsequent doses of resuscitation drugs in both
nonobese and obese patients should take into account
the observed clinical effects and toxicities. It is reasonable to titrate the dose to the desired therapeutic effect, but it should not exceed the adult dose.

Intraosseous Versus Intravenous Route of
Drug Administration (PLS, NLS, and ALS:
SysRev)
Rationale for Review
This topic was last reviewed in 2010.9,10 A SysRev was
requested to identify evidence comparing effects of intraosseous with intravenous drug administration during
pediatric cardiac arrest. The PLS Task Force joined with the
ALS and NLS Task Forces in requesting the SysRev.
Refer to the ALS and NLS publications in this supplement for details of the evidence summary.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Pediatric patients in any setting (inhospital or out-of-hospital) with cardiac arrest
• Intervention: Placement of an intraosseous (IO)
cannula and drug administration through this IO
during cardiac arrest
• Comparator: Placement of an intravenous (IV) cannula and drug administration through this IV during cardiac arrest
• Outcome: Return of spontaneous circulation, survival to hospital discharge, and survival to hospital
discharge with a favorable neurological outcome
• Study design: Randomized trials, non-RCTs, and
observational studies (cohort studies and casecontrol studies) comparing IO with IV administration of drugs included; randomized trials assessing
the effect of specific drugs (eg, epinephrine, amiodarone/lidocaine) in subgroups related to IO versus
IV administration also included
• Time frame: All years and languages were included
if 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
The SysRev identified no papers involving infants and
children in cardiac arrest. To review the adult evidence
identified by the SysRev, see the ALS publication in this
supplement (ALS 2046: SysRev). To review the neonatal
evidence identified by the SysRev, see the intraosseous
versus umbilical vein for emergency access discussion in
the NLS publication of this supplement (NLS 616: SysRev).

The PLS Task Force agreed that, in the absence of
new evidence, the previous (2010) treatment recommendation should remain in effect.9,10
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
Intraosseous cannulation is an acceptable route of vascular access in infants and children with cardiac arrest. It
should be considered early in the care of critically ill children whenever venous access is not readily available.

Epinephrine Time of Initial Dose and
Dose Interval During CPR (PLS 1541:
SysRev)
Rationale for Review
Epinephrine administration for cardiac arrest was previously reviewed in the 2015 CoSTR.11,12 The task force
reported receiving many questions about the effectiveness and timing of epinephrine administration, so they
requested a SysRev to identify any evidence published
after 2015 that could enable the formulation of a new
treatment recommendation. To review the SysRev Evidence-to-Decision Table, see Supplement Appendix A2.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children in cardiac arrest
(in- or out-of-hospital) (excluding resuscitation at
birth)
• Intervention: (1) Administration of the initial dose
of epinephrine earlier or later than current guideline recommendations. (2) Administration of epinephrine more or less frequently than every 3 to 5
minutes following the initial dose
• Comparator: Timing of administration of epinephrine in line with current guideline recommendations
• Outcome: Clinical outcomes, including 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)
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion; unpublished studies (eg, conference
abstracts, trial protocols) excluded
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to July 2019.
• International Prospective Register of Systematic
Reviews (PROSPERO) Registration: Registered
November 21, 2019. Final registration number
146531.
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Consensus on Science
We identified no pediatric RCTs on this topic. We did,
however, identify 1 observational study of pediatric
IHCA109 and 4 observational studies110-113 of OHCA
comparing the administration of the initial dose of epinephrine earlier or later than current guideline recommendations; we also identified 2 observational studies114,115 of pediatric IHCA on the topic of administration
of epinephrine more or less frequently than every 3 to 5
minutes after the initial dose. We identified no observational studies of pediatric OHCA addressing the interval
between epinephrine doses.
Time to First Epinephrine Less Than 15 Minutes
Compared With 15 Minutes or More After Pediatric
IHCA
For the critical outcomes of survival with good neurological outcome, survival to discharge, or ROSC, we
identified 1 observational in-hospital registry study of
1558 children younger than 18 years with cardiac arrest.109 In multivariable analysis, this study provided very
low-certainty evidence (downgraded for risk of bias and
imprecision) of no benefit associated with first epinephrine dose less than 15 minutes compared with administration 15 minutes or more after cardiac arrest.
Time to First Epinephrine Less Than 10 Minutes
Compared With 10 Minutes or More After Pediatric
IHCA
For the critical outcome of survival with good neurological outcome, we found an observational study from
the same database that identified 1395 pediatric patients younger than 18 years of age with IHCA.109 In
multivariable analysis, the study provided very low-certainty evidence (downgraded for risk of bias) of benefit
associated with time to first epinephrine dose of less
than 10 minutes compared with 10 minutes or more
after cardiac arrest (RR, 3.37; 95% CI, 1.11–10.25; 113
more per 1000; 95% CI, from 5 more to 440 more).
For the critical outcome of survival to discharge,
we identified the same observational study reporting outcomes of 1558 children with IHCA.109 After
multivariable analysis, this study provided very lowcertainty evidence (downgraded for risk of bias) of
a benefit associated with time to first epinephrine
dose of less than 10 minutes compared with 10 minutes or more after cardiac arrest (RR, 2.61; 95% CI,
1.36–5.01; 198 more per 1000; 95% CI, from 44
more to 494 more).
For the critical outcome of 24-hour survival, we
found the same observational study of 1558 children
with IHCA.109 In multivariable analysis, the study provided very low-certainty evidence (downgraded for
risk of bias) of benefit associated with time to first epinephrine dose less than 10 minutes compared with 10
minutes or more after cardiac arrest (RR, 1.58; 95%
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CI, 1.09–2.28; 178 more per 1000; 95% CI, from 28
more to 394 more).
For the critical outcome of ROSC, we found the
same study of 1558 pediatric patients with IHCA.109 In
multivariable analysis, this study provided very low-certainty evidence (downgraded for risk of bias) of benefit
associated with time to first epinephrine dose of less
than 10 minutes compared with 10 minutes or more
after cardiac arrest (RR, 1.56; 95% CI, 1.16–2.08; 233
more per 1000; 95% CI, from 66 more to 449 more).
Time to First Epinephrine Less Than 5 Minutes
Compared With 5 Minutes or More After Pediatric
IHCA
For the critical outcome of survival with good neurological outcome, we identified the same observational
study reporting on outcomes of 1395 children younger than 18 years with IHCA.109 In multivariable analysis, this study provided very low-certainty evidence
(downgraded for risk of bias) of benefit of time to first
epinephrine dose less than 5 minutes compared with
5 minutes or more after cardiac arrest (RR, 1.74; 95%
CI, 1.13–2.66; 71 more per 1000; 95% CI, from 12
more to 159 more).
For the critical outcome of survival to discharge, we
identified the same observational study of reporting on
1558 pediatric patients with IHCA.109 In multivariable
analysis, this study provided very low-certainty evidence
(downgraded for risk of bias) of benefit associated with
time to first epinephrine dose less than 5 minutes compared with 5 minutes or more after cardiac arrest (RR,
1.57; 95% CI, 1.21–2.04; 120 more per 1000; 95% CI,
from 44 more to 219 more).
For the critical outcome of 24-hour survival, we
identified the same observational study reporting on
outcomes of 1558 children with IHCA.109 In multivariable analysis, this study provided very low-certainty
evidence (downgraded for risk of bias) of benefit associated with time to first epinephrine dose less than 5
minutes compared with 5 minutes or more (RR, 1.44;
95% CI, 1.20–1.73; 153 more per 1000; 95% CI,
from 70 more to 254 more).
For the critical outcome of ROSC, we identified the
same observational study reporting on outcomes of
1558 pediatric patients with IHCA.109 In multivariable
analysis, this study provided very low-certainty evidence (downgraded for risk of bias) of benefit associated with time to first epinephrine dose less than 5
minutes compared with 5 minutes or more (RR, 1.29;
95% CI, 1.13–1.47; 149 more per 1000; 95% CI;
from 67 more to 242 more).
Time to First Epinephrine Less Than 3 Minutes
Compared With 3 Minutes or More After Pediatric
IHCA
For the critical outcome of survival with good neurological outcome, we identified 1 observational study of

Downloaded from www.aappublications.org/news by guest on November 18, 2020

1395 pediatric patients with IHCA.109 In multivariable
analysis, this study provided very low-certainty evidence
(downgraded for risk of bias) of benefit from time to
first epinephrine dose less than 3 minutes compared
with 3 minutes or more (RR, 1.38; 95% CI, 1.05–1.81;
48 more per 1000; 95% CI, from 6 more to 101 more).
For the critical outcome of survival to discharge, we
identified the same observational study of 1558 pediatric patients with IHCA.109 In multivariable analysis,
this study provided very low-certainty evidence (downgraded for risk of bias) of benefit associated with time
to first epinephrine dose less than 3 minutes compared
with 3 minutes or more (RR, 1.38; 95% CI, 1.17–1.63;
95 more per 1000; 95% CI, from 43 more to 158 more).
For the critical outcome of 24-hour survival, we
identified the same observational study of 1558 pediatric patients with IHCA.109 In multivariable analysis, this study provided very-low-certainty evidence
(downgraded for risk of bias) of benefit associated
with time to first epinephrine dose less than 3 minutes
compared with 3 minutes or more (RR, 1.27; 95%
CI, 1.13–1.43; 110 more per 1000; 95% CI, from 53
more to 175 more).
For the critical outcome of ROSC, we identified the
same observational study of 1558 pediatric patients
with IHCA.109 In multivariable analysis, this study provided very-low-certainty evidence (downgraded for risk
of bias) of benefit associated with time to first epinephrine dose less than 3 minutes compared with 3 minutes
or more (RR, 1.24; 95% CI, 1.13–1.35; 133 more per
1000; 95% CI, from 72 more to 195 more).
Time to First Epinephrine Less Than 15 Minutes
Compared With 15 Minutes or More After Pediatric
OHCA
For the critical outcome of survival with good neurological outcome, we identified 2 observational studies
of 725 pediatric patients 19 years or younger with traumatic (509 children)110 and nontraumatic, nonshockable (216 children)111 OHCA. These studies provided
very-low-certainty evidence (downgraded for risk of
bias, inconsistency, and imprecision), finding no benefit
associated with a first dose of epinephrine less than 15
minutes compared with 15 minutes or more (RR, 3.94;
95% CI, 0.99–15.64; 80 more per 1000; 95% CI, from
0 fewer to 397 more).
For the critical outcome of survival to discharge,
we identified 3 observational studies enrolling 27 480
children. These included emergency medical services–
treated children younger than 18 years with nonshockable arrest who did not experience ROSC within
10 minutes (26 755 children)112 and children 19 years
or younger with traumatic (509 children)110 and nontraumatic, nonshockable (216 children)111 OHCA.
These studies provided very-low-certainty evidence
(downgraded for risk of bias, inconsistency, and other

considerations of large effect) of benefit associated
with time to first epinephrine dose less than 15 minutes compared with 15 minutes or more (RR, 2.49;
95% CI, 1.30–4.77; 28 more per 1000; 95% CI, from
6 more to 70 more).
For the critical outcome of 30-day survival, we identified 1 observational registry study of 225 children between 1 and 17 years with OHCA.113 This study provided very-low-certainty evidence (downgraded for risk
of bias, imprecision, and other considerations of very
large effect) of benefit associated with time to first epinephrine dose less than 15 minutes compared with 15
minutes or more (RR, 5.78; 95% CI, 2.82–11.86; 348
more per 1000; 95% CI, from 133 more to 791 more).
For the critical outcome of survival to intensive care
unit admission, we identified 1 observational study of
225 children 19 years or younger with nontraumatic,
nonshockable OHCA.111 This study provided very-lowcertainty evidence (downgraded for risk of bias and
imprecision) of benefit associated with time to first epinephrine dose less than 15 minutes compared with 15
minutes or more (RR, 1.96; 95% CI, 1.37–2.81; 274
more per 1000; 95% CI, from 106 more to 517 more).
For the critical outcome of ROSC, we identified 2
observational studies of 725 pediatric patients with
traumatic110 and nontraumatic, nonshockable111 OHCA.
These studies provided very-low-certainty evidence
(downgraded for risk of bias and imprecision) of benefit
associated with time to first epinephrine dose less than
15 minutes compared with 15 minutes or more (RR,
1.61; 95% CI, 1.37–1.90; 226 more per 1000; 95% CI,
from 137 more to 334 more).
Time to First Epinephrine Less Than 10 Minutes
Compared With 10 Minutes or More After Pediatric
OHCA
For the critical outcome of 30-day survival, we identified 1 observational study of 225 children between 1
and 17 years with OHCA.113 This study provided verylow-certainty evidence (downgraded for risk of bias,
imprecision, and other considerations of very large effect) of benefit associated with time to first epinephrine
dose less than 10 minutes compared with 10 minutes
or more (RR, 5.07; 95% CI, 1.20–21.42; 402 more per
1000; 95% CI, from 20 more to 1000 more).
For the critical outcome of survival to discharge, we
identified 1 observational study of 26 755 emergency
medical service–treated children younger than 18 years
with nonshockable OHCA arrest who did not experience ROSC within 10 minutes.112 This study provided verylow-certainty evidence (downgraded for risk of bias) of
benefit with time to first epinephrine dose less than 10
minutes compared with 10 minutes or more (RR, 1.55;
95% CI, 1.31–1.83; 9 more per 1000; 95%
CI, from 5 more to 14 more).
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Time to First Epinephrine Less Than 5 Minutes
Compared With 5 Minutes or More After Pediatric
OHCA
For the critical outcome of survival to discharge, we
identified 1 observational study of 26 755 emergency medical services–treated children younger than 18
years with nonshockable OHCA arrest who did not experience ROSC within 10 minutes.112 This study provided very-low-certainty evidence (downgraded for risk of
bias) of benefit associated with time to first epinephrine
dose less than 5 minutes compared with 5 minutes or
more (RR, 1.81; 95% CI, 1.43–2.30; 16 more per 1000;
95% CI, from 9 more to 26 more).
Time to First Epinephrine Less Than 3 Minutes
Compared With 3 Minutes or More After Pediatric
OHCA
For the critical outcome of survival to discharge, we
identified 1 observational study of 26 755 emergency medical services–treated children younger than 18
years with nonshockable OHCA arrest who did not experience ROSC within 10 minutes.112 This study provided very-low-certainty evidence (downgraded for risk of
bias) of benefit associated with time to first epinephrine
dose less than 3 minutes compared with 3 minutes or
more (RR, 1.74; 95% CI, 1.14–2.67; 16 more per 1000;
95% CI, from 3 more to 35 more).
Epinephrine Dose Interval of Less Than 5 Minutes
Compared With 5 Minutes or More for Pediatric IHCA
For the critical outcome of 12-month survival, we identified 1 observational study of 235 pediatric patients
with IHCA who received 2 minutes or more of chest
compressions.114
This study represented a subset of all patients with
IHCA because it enrolled only patients who were eligible for the Therapeutic Hypothermia After Pediatric
Cardiac Arrest in-hospital (THAPCA-IH) trial; the enrollees were all comatose and mechanically ventilated
after cardiac arrest, and the parents consented to enroll the children in the trial. This study provided very
low-certainty evidence (downgraded for risk of bias,
imprecision, and plausible confounding reducing demonstrated effect) of lower 12-month survival associated
with an epinephrine dose interval of less than 3 minutes (adjusted OR 0.50; 95% CI, 0.24–1.06), 5 to less
than 8 minutes (adjusted OR 0.42; 95% CI, 0.20–0.89),
or more than 8 minutes (adjusted OR 0.35; 95% CI,
0.16–0.75) compared with a 3 to less than 5-minute
dose interval.
For the critical outcome of survival to discharge, we
identified 1 observational in-hospital registry study of
1630 children with cardiac arrest.115 This study
provided very-low-certainty evidence (down- graded
for risk of bias, imprecision, and plausible confounding
suggesting spurious effect) of benefit associated with
more than 5-minute to less than
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8-minute dose intervals (adjusted OR [AOR], 1.81; 95%
CI, 1.26–2.59) and 8 to less than 10-minute
intervals (AOR, 2.64; 95% CI, 1.53–4.55) compared
with dose intervals of 1 to 5 minutes.
For the critical outcome of ROSC (survival of the
IHCA event), we identified the same observational
study of 1630 children with IHCA.115 This study provided very-low-certainty evidence (downgraded for risk
of bias, imprecision, and plausible confounding suggesting spurious effect) of benefit associated with more
than 5 to less than 8 minute dose intervals (AOR, 1.71;
95% CI, 1.27–2.31) and 8 to less than 10-minute intervals (AOR, 1.93; 95% CI, 1.23–3.03) compared with
dose intervals of 1 to 5 minutes.
The same observational study of 1630 pediatric patients with IHCA included a subset analysis of 1183
children who were not receiving vasoactive infusions at
the time of arrest.115 We identified very-low-certainty
evidence (downgraded for risk of bias, imprecision, and
plausible confounding suggesting spurious effect) of
benefit associated with more than 5 to less than 8
minute dose intervals (AOR, 1.99; 95% CI, 1.29–3.06)
and 8 to less than 10-minute dose intervals (AOR, 2.67;
95% CI, 1.41–5.04) compared with dose intervals of 1
to 5 minutes.
The same observational study of 1630 pediatric
patients with IHCA included a subset analysis of 447
children who were receiving vasoactive infusions at
the time of arrest.115 We identified very-low-certainty
evidence (downgraded for risk of bias, imprecision, and
plausible confounding suggesting spurious effect) of
benefit associated with more than 5 to less than 8
minute dose intervals (AOR, 1.52; 95% CI, 0.77–3.02)
and 8 to less than 10-minute intervals (AOR, 2.62; 95%
CI, 0.85–8.07) compared with dose intervals of 1 to 5
minutes.
Epinephrine Dose Interval of Less Than 3 Minutes
Compared With 3 Minutes or More for Pediatric IHCA
For the critical outcome of 12-month survival, we
identified 1 observational study of 161 pediatric patients with IHCA who were enrolled in the THAPCAIH trial.114 This study provided very-low-certainty evidence (downgraded for risk of bias, imprecision, and
plausible confounding reducing demonstrated effect)
of harm associated with a dose interval of less than
3 minutes (AOR, 0.50; 95% CI, 0.24–1.06) as well as
5 to less than 8 minutes (AOR, 0.42; 95% CI, 0.20–
0.89) as well as 8 minutes or more (AOR, 0.5; 95%
CI, 0.16–0.75) compared with a dose interval of 3 to
less than 5 minutes.
Treatment Recommendations
We suggest that the initial dose of epinephrine in pediatric patients with nonshockable IHCA and OHCA be
administered as early in the resuscitation as possible
(weak recommendation, very low-certainty evidence).
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We cannot make a recommendation for the timing
of the initial epinephrine dose in shockable pediatric
cardiac arrest.
The confidence of the effect estimates is so low that
we cannot make a recommendation about the optimal
interval for subsequent epinephrine doses in pediatric
patients with IHCA or OHCA.
Justification and Evidence to Decision Framework
Highlights
Time to the Initial Dose of Epinephrine
In general, observational studies can be associated with
many potential biases. Resuscitation time bias often occurs in intracardiac arrest studies such as epinephrine administration studies because the longer the duration of
the resuscitation, the lower the rate of survival. As a result, patients who received the epinephrine earlier rather
than later may have a lower mortality for reasons other
than the time of the epinephrine administration.115a This
bias can contribute to a trend toward appearance of a
harmful effect of later initial epinephrine doses. Therefore, when interpreting studies of time to the initial dose
of epinephrine, the task force considered the role of potential resuscitation time bias.
Epinephrine Interval
Hoyme et al115 demonstrated that an increased epinephrine interval was associated with a decreased probability
of survival, with an unadjusted odds ratio for survival of
0.60 for 5 to 8 minutes between epinephrine doses and
0.62 for 8 to 10 minutes between epinephrine doses
compared with 1 to 5 minutes between epinephrine
dose. However, in the adjusted statistical model, conversely, an increased epinephrine interval was associated with an increased probability of survival. The task
force considered the fact that in the current meta-analysis, the unadjusted results, rather than the adjusted
results, were incorporated. In addition, both Hoyme et
al115 and Meert et al114 calculated the average interval
of epinephrine doses by averaging all doses within the
total arrest time; this differs from the actual interval between any 2 doses. For these reasons, the task force felt
that confidence in the estimates of effect was too low
to support a treatment recommendation regarding epinephrine dose interval. For further information, please
refer to Supplement Appendix A-2.
Knowledge Gaps
Current knowledge gaps include but are not limited to
• There is clinical equipoise and the need for pediatric randomized trials addressing the optimal timing
of initial epinephrine dose and the optimal interval
of epinephrine doses.
• Researchers must establish a consistent method
to accurately calculate/report the interval between
epinephrine doses.

• There is a need to minimize the effects of resuscitation time bias in resuscitation clinical trials.

Amiodarone Versus Lidocaine for ShockResistant Ventricular Fibrillation or
Pulseless Ventricular Tachycardia (2018
CoSTR)
The topic of amiodarone versus lidocaine for shock-resistant VF or pVT was evaluated by the PLS Task Force in
the 2018 CoSTR Update.115b,115c Refer to those publications for details of the evidence summary and task force
considerations.
The task force agreed that a multicenter trial comparing different anti-arrhythmic agents would be helpful. Until further data are available, the 2018 treatment
recommendation remains in effect.115b,115c
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Patients of all ages (neonates, children, adolescents younger than 18 years) in any
setting with cardiac arrest and a shockable rhythm
at any time during CPR or immediately after ROSC
• Intervention: Administration (IV or IO) of an antiarrhythmic drug
• Comparator: Another anti-arrhythmic or placebo
• Outcome: Survival to hospital discharge with good
neurological outcome, survival to hospital discharge, ROSC, and rearrest after ROSC
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to August 2017.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2018.115b,115c
We suggest that amiodarone or lidocaine may be
used for the treatment of pediatric shock-resistant VF
or pVT (weak recommendation, very low-quality evidence).

Sodium Bicarbonate Administration for
Children in Cardiac Arrest (PLS 388: EvUp)
The most recent PLS Task Force review of the evidence
about sodium bicarbonate administration during cardiac arrest was in 2010.9,10 An EvUp was performed and
found insufficient evidence to consider a SysRev of this
topic, so the recommendations of 2010 remain in effect.
To review the EvUp, see Supplement Appendix C-29.
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Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children who are in cardiac
arrest in any setting
• Intervention: Buffering agent administration
• Comparator: No use of buffering agents
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to November 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
Routine administration of sodium bicarbonate is not
recommended in the management of pediatric cardiac
arrest.

Calcium Administration in Children (PLS
421: EvUp)
This EvUp was performed to identify any evidence published after the most recent PLS Task Force review of
this topic in 2010.9,10
The PLS Task Force agreed that there is insufficient evidence to suggest the need for a SysRev or alter the 2010
treatment recommendation, which remains in effect. To
review the EvUp, see Supplement Appendix C-30.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children who are in cardiac
arrest in any setting
• Intervention: Calcium administration
• Comparator: No calcium administration
• Outcome: All clinical outcomes
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was updated to November 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
Routine use of calcium for infants and children with
cardiopulmonary arrest is not recommended in the absence of hypocalcemia, calcium channel blocker overdose, hypermagnesemia, or hyperkalemia.
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PALS: SPECIAL RESUSCITATION
SITUATIONS—SEPTIC SHOCK,
CONGENITAL HEART DISEASE, AND
TRAUMA
This section summarizes the evidence reviews about
resuscitation of children with cardiac arrest and septic
shock, congenital heart disease such as single-ventricle
physiology, or Fontan circulation. The PLS Task Force
also reviewed the evidence about unique aspects of resuscitation after traumatic arrest.

Resuscitation of the Child With Septic
Shock (PLS 1534: EvUp)
The management of children with septic shock–associated cardiac arrest has not been previously reviewed
by the PLS Task Force. This EvUp was requested to determine the available evidence about this topic. The
EvUp identified several studies involving prevention of
cardiac arrest, but there was insufficient evidence of
unique management approaches to the children with
septic shock–associated cardiac arrest. As a result, the
task force agreed that there was no indication of a need
to consider a SysRev, and no treatment recommendation could be made at this time. To review the EvUp, see
Supplement Appendix C-31.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with sepsis in cardiac arrest
• Intervention: Specific alteration in treatment
algorithm
• Comparator: Standard care (according to 2010
treatment algorithm)
• Outcome: All
Treatment Recommendation
There is no treatment recommendation at this time.

Resuscitation of the Patient With a Single
Ventricle (PLS 390: EvUp)
This EvUp was performed to identify any evidence
published after the most recent PLS Task Force review in 2010.9,10 The EvUp identified nonrandomized
studies reporting the impact of modification to standard cardiac arrest care on outcomes in postsurgical
infants. The PLS Task Force agreed that this and additional evidence50,115d may warrant consideration for a
SysRev. Until a new SysRev is performed and analyzed by the PLS Task Force, the 2010 treatment recommendations remain in effect. To review the EvUp,
see Supplement Appendix C-32.
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Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with single-ventricle, status/post–stage I repair who require resuscitation from cardiac arrest or prearrest states
• Intervention: Any specific modification to standard
practice
• Comparator: Standard resuscitation practice
• Outcome: ROSC, survival to discharge, survival
with good neurological outcome
• Study design: Included only observational studies and RCTs from the time of the previous search
review
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was from January 2008 to October 2019.
Treatment Recommendations
These treatment recommendations are unchanged
from 2010.9,10
Standard resuscitation (prearrest and arrest) procedures should be followed for infants and children with
single-ventricle anatomy after stage I repair. Neonates
with a single ventricle before stage I repair who demonstrate shock caused by elevated pulmonary to systemic
flow ratio might benefit from inducing mild hypercarbia (Paco2 50–60 mm Hg); this can be achieved during
mechanical ventilation by reducing minute ventilation,
adding CO2 to inspired air, or administering opioids
with or without chemical paralysis.

Resuscitation of the Patient With HemiFontan or Fontan Circulation (PLS 392:
EvUp)
This EvUp was performed to identify any evidence
about this topic published after the PLS Task Force’s
most recent review in 2010.9,10 The EvUp identified 1
registry-based study that reported outcomes of infants
and children with Fontan/ or bidirectional Glenn who
had circulatory support initiated during a peri-arrest
phase.115d The PLS Task Force agreed that there is insufficient evidence50,115d to recommend a new SysRev, and
the 2010 treatment recommendation remains in effect,9,10 with the addition of a brief explanatory phrase
within brackets. To review the EvUp, see Supplement
Appendix C-33.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with Fontan or
hemi-Fontan or bidirectional Glenn circulation
who require resuscitation from cardiac arrest or
prearrest states (prehospital or in-hospital)
• Intervention: Specific modification to standard
resuscitation practice

• Comparator: Standard resuscitation practice
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages were included
if there was an English abstract. The literature
search was from January 2013 to September 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010 with the exception of limiting the recommendation to children with hemi-Fontan9,10 or bidirectional Glenn physiology who are in a prearrest state;
hypercarbia achieved by hypoventilation may be beneficial to increase oxygenation and cardiac output.
Negative-pressure ventilation, if available, may be
beneficial for children with either hemi-Fontan or bidirectional Glenn or Fontan physiology by increasing
cardiac output.
During cardiopulmonary arrest, it is reasonable to
consider ECPR for patients with Fontan physiology.
There is insufficient evidence to support or refute the
use of ECPR in patients with hemi-Fontan or bidirectional Glenn physiology.

Resuscitation After Traumatic Arrest (PLS
498: EvUp)
An EvUp was performed to identify any relevant studies
published in the decade after the 2010 PLS Task Force
review of the topic.9,10 The PLS Task Force agreed that
the evidence warrants consideration of a SysRev, preferably one including not only adults but also infants
and children in the study population, to determine the
evidence to support specific recommendations about
resuscitation for traumatic cardiac arrest. To review the
EvUp, see Supplement Appendix C-34.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children with major (blunt
or penetrating) injury in cardiac arrest in any setting
• Intervention: Any specific alteration in treatment
algorithm
• Comparator: Standard care (according to 2010
treatment algorithm)
• Outcome: All
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages included if
there was an English abstract; literature search was
updated to December 2019.
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Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2010.9,10
There is insufficient evidence to make a recommendation for modification of standard resuscitation for
infants and children experiencing cardiac arrest due to
major trauma, although consideration should be given
to selectively performing a resuscitative thoracotomy in
children with penetrating injuries who arrive at the hospital with a perfusing rhythm.

PALS: POST–CARDIAC ARREST
CARE, INCLUDING POSTARREST
PROGNOSTICATION
Targeted Temperature Management
(2019 CoSTR)
A SysRev addressing targeted temperature management (TTM) was published in 2019,116 and an ILCOR Pediatric CoSTR was published as part of the 2019 CoSTR
summary.71,72 Refer to those publications for details of
the evidence summary and task force considerations.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Pediatric patients (more than 24 hours
to 18 years of age) who achieved ROSC after
OHCA or IHCA
• Intervention: TTM with a target temperature of
32°C to 36°C
• Comparator: No TTM or TTM at an alternative target temperature range
• Outcome:
– Primary outcome: Good neurobehavioral survival long term
– Secondary outcomes:
○ Good neurobehavioral survival short term and
intermediate term
○ Survival short term, intermediate term, and
long term
○ Neurobehavioral score changes from prearrest, intermediate term, and long term
○ Health-related quality of life score intermediate term and long term
○ Health-related quality of life score change
from prearrest, intermediate term, and long
term
– Additional in-hospital adverse outcomes:
○ Infection (culture proven)
○ Recurrent cardiac arrest (not leading to death)
○ Serious bleeding (red blood cell transfusion)
○ Arrhythmias (any)
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
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before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages included if
there was an English abstract; literature search was
updated to December 2018.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2019 (with the exception of the addition of text to
clarify that recommendations apply to children who remain comatose after OHCA or IHCA and to clarify that
the temperature should be maintained 37.5°C or less).
We suggest that for infants and children who remain
comatose following ROSC from OHCA and IHCA, TTM
be used to maintain a central temperature of 37.5°C or
less (weak recommendation, moderate-certainty evidence).
On the basis of 2 randomized trials and 8 retrospective observational cohort studies that provided comparative data on favorable neurological outcome, survival,
and in-hospital adverse events, there is inconclusive
evidence to support or refute the use of TTM 32°C to
34°C compared with TTM 36°C to 37.5°C (or an alternative temperature) for children who achieve ROSC but
remain comatose after OHCA or IHCA.

Oxygen and Carbon Dioxide Targets
in Pediatric Patients With Return of
Spontaneous Circulation After Cardiac
Arrest (PLS 815: SysRev)
A SysRev of arterial oxygen and carbon dioxide targets
in adults and children with ROSC after cardiac arrest,116a
was conducted with involvement of clinical content experts from the ALS and PLS Task Forces. Evidence from
adult and pediatric literature was sought and considered by the ALS and PLS Task Forces, respectively. This
CoSTR focuses on evidence derived from infants and
children. See Supplement Appendix A-3 for more details.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Unresponsive children with sustained
return of spontaneous circulation (ROSC) after cardiac arrest in any setting
• Intervention: A ventilation strategy targeting specific Spo2 [oxygen saturation], Pao2 [partial pressure
of oxygen], and/or Paco2 [partial pressure of carbon dioxide] targets
• Comparator: Treatment without specific targets or
with an alternate target to the intervention
• Outcome: Clinical outcome including survival/
survival with a favorable neurological outcome at
hospital discharge/30 days, and survival/survival
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with a favorable neurological outcome after hospital discharge/30 days (eg, 90 days, 180 days, 1
year)
• Study design: Randomized trials, non-RCTs, and
observational studies (cohort studies and casecontrol studies) with a control group (ie, patients
treated with no specific Spo2, Pao2, and/or Paco2
targets or an alternative target to the intervention)
included
• Time frame: All years and languages included; literature search was updated to August 2019.
Consensus on Science
Oxygen Targets
We identified no pediatric RCTs on this topic but did
identify 2 observational studies published in the 5
years after the previous (201511,12) review.117,118 One
of these118 was deemed at critical risk of bias for lack
of adjustment for cardiac arrest characteristics; for this
reason, interpretation of these results is severely limited. Within these limitations, this study included 253
patients and found no association between hyperoxemia and clinical outcomes in adjusted analyses (numeric
adjusted results not reported). Of all studies identified
(including those reviewed in 201511,12), only 3 pediatric
studies,117,119,120 including a total of 618 patients, were
deemed to have only serious risk of bias, and in all of
these studies only adjusted results were reported.
For the critical outcome of survival to hospital discharge with good neurological outcome, we identified
1 observational study of 153 pediatric patients with
ROSC after cardiac arrest.120 This study provided verylow-certainty evidence (downgraded for indirectness,
imprecision, and risk of bias), finding no benefit of hyperoxemia compared with no hyperoxemia (OR, 1.02;
95% CI, 0.46–2.27; 5 more per 1000; 95% CI, from
170 fewer to 202 more).
For the critical outcome of survival to hospital discharge, we identified 1 observational study of 164 pediatric patients with ROSC after IHCA119 providing very
low-certainty evidence (downgraded for indirectness,
imprecision, and very serious risk of bias) comparing
hyperoxemia with normoxemia and finding no benefit
to hyperoxemia, although numeric results of adjusted
analyses were not reported. We identified a second
study of 200 pediatric patients with ROSC after cardiac arrest117 that provided very low-certainty evidence
(downgraded for indirectness, imprecision, and serious
risk of bias) and that showed no association of postROSC Pao2 greater than 200 mm Hg with outcome (OR
0.81; 95% CI, 0.41–1.59; absolute risk difference not
calculable because the number of survivors in the normoxemia group was not reported).
One large registry-based study121 found that hyperoxemia was associated with higher mortality when compared
with normoxemia. Although this study was much larger

than the others, it was deemed at critical risk of bias as a
result of lack of adjustment for cardiac arrest characteristics (increasing the risk of confounding) and the exclusion
of the 31% of all eligible patients who lacked an arterial
blood gas analysis within 1 hour of ROSC. The task force
thought that this exclusion increased risk of selection bias
because patients who did not have an arterial blood gas
analysis within 1 hour of ROSC are likely disproportionally
normoxemic or hyperoxemic rather than hypoxemic.
Carbon Dioxide Targets
We identified no pediatric RCTs on this topic. Two observational studies were identified,118,119 1 of which118
was published in the interval after the search was completed for the 2015 CoSTR. Only adjusted results from
these studies were reported. One study119 including 223
patients provided very-low-certainty evidence (downgraded for risk of bias and indirectness) of an increase
in hospital mortality associated with both hypocapnia
(OR, 2.71; 95% CI, 1.04–7.05; 242 more per 1000;
95% CI, from 9 more to 446 more) and hypercapnia
after ROSC (OR, 3.27; 95% CI, 1.62–6.61; 286 more
per 1000; 95% CI, from 114 more to 423 more). The 1
study published after the 2015 review118 was deemed at
critical risk of bias for lack of adjustment for cardiac arrest characteristics. Within these limitations, this study
included 253 patients and found an increase in hospital
mortality associated with both hypocapnia compared
with normocapnia (OR, 2.62; 95% CI, 1.08–6.4; 233
more per 1000; 95% CI, from 17 more to 429 more)
and hypercapnia compared with normocapnia (OR, 2.0;
95% CI, 1.01–3.97; 166 more per 1000; 95% CI, from
2 more to 332 more) 1 hour after ROSC.
The available evidence on the effect of hypercapnia
or hypocapnia in adults is inconsistent, with the randomized trials done to date showing no effect.
Treatment Recommendations
We suggest that rescuers measure Pao2 after ROSC and
target a value appropriate to the specific patient condition. In the absence of specific patient data, we suggest
rescuers target normoxemia after ROSC (weak recommendation, very low-quality evidence).*
Given the availability of continuous pulse oximetry,
targeting an oxygen saturation of 94% to 99% may be
a reasonable alternative to measuring Pao2 for titrating
oxygen when feasible to achieve normoxia (based on
expert opinion).
We suggest that rescuers measure Paco2 after ROSC
and target normocapnia (weak recommendation, very
low-certainty evidence).
*Note: This treatment recommendation applies to infants 28 days to 12
months and children in cardiac arrest. For recommendations applying
to newborns resuscitated at birth, refer to “Neonatal Life Support:
2020 International Consensus on CPR and ECC Science With Treatment
Recommendations”7a,7b in this supplement.
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Consider adjustments to the target Paco2 for specific
patient populations where normocapnia may not be desirable (eg, chronic lung disease with chronic hypercapnia,
congenital heart disease with single-ventricle physiology,
increased intracranial pressure with impending herniation).
Justification and Evidence to Decision Framework
Highlights
Measurement of the arterial Pao2 and Paco2 is much
easier to perform in the hospital than in the out-ofhospital setting. Yet without such monitoring in the
out-of-hospital setting, it will be difficult for providers
to judge within tolerable ranges the balance between
hypoxemia and hyperoxemia and between overventilation and underventilation. These ranges of appropriate
Pao2 and Paco2 will also differ for some patients, such as
those with cyanotic congenital heart disease.
In steady state situations (eg, steady temperature,
Paco2, and pH), providers may be able to correlate the
Paco2 with the ETCO2 to determine trends that may
provide information about ongoing ventilatory responses to support ventilation.
The PLS Task Force recognized the paucity of data
available to make recommendations about target values
for Pao2 and Paco2 in infants and children after ROSC.
Oxygen Targets
Accurate targeting of post-ROSC normoxemia might be
achievable and acceptable being guided by pulse oximetry in the hospital setting, but the use of pulse oximetry
to titrate oxygen administration to target normoxemia in
the out-of-hospital setting has not been studied and is
not without risk of inadvertent patient hypoxemia. Given
the known risks of hypoxemia and the uncertain risks
of hyperoxia, any titration of oxygen delivery to children
after ROSC must be balanced against the risk of inadvertent hypoxemia stemming from overzealous weaning of
Fio2. Further challenges include identifying the appropriate targets for specific pediatric patient subpopulations
(eg, infants and children with cyanotic heart disease).
Carbon Dioxide Targets
Accurate targeting of post-ROSC normocapnia might
be achievable and acceptable in the in-hospital critical
care setting. Serial assessment of ventilation through
arterial blood gas analysis is facilitated by arterial catherization, which may also be beneficial for targeting
post-ROSC blood pressure targets. Correlation of Paco2
and ETCO2 may allow ongoing monitoring of ventilation when continuous capnography is available. Further challenges include identifying any modified Paco2
targets needed for specific pediatric patient subpopulations (eg, infants and children with suspected increased intracranial pressure).
For further information about task force development of treatment recommendations from the
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published evidence on this topic, see the evidence-todecision table in Supplement Appendix A-3.
Knowledge Gaps
The PLS Task Force identified the following knowledge
gaps:
• There are no pediatric randomized trials comparing oxygen or carbon dioxide management strategies in post–cardiac arrest care.
• We found no published evidence to determine
how Paco2 targets should be adjusted in infants
and children with chronic CO2 retention.
• We found no published evidence to determine
whether adjusting arterial blood gas analysis
to 37°C or to a patient’s current temperature is
beneficial.

Post-ROSC Blood Pressure Control (PLS
820: EvUp)
This topic was most recently reviewed in 2015.11,12
This EvUp was performed to identify new evidence
published in the most recent 5 years. The EvUp identified evidence to suggest that post–cardiac arrest hypotension below the fifth percentile for age is associated
with poorer outcomes when compared with post–cardiac arrest normotension, and those patients requiring
higher inotropic drug support have lower rates of survival to hospital discharge. The task force agreed that
the EvUp identified sufficient new evidence to suggest
the need for a SysRev. Until such time as a SysRev is
completed and evaluated, the 2015 treatment recommendations remain in effect.11,12 To review the EvUps,
see Supplement Appendix C-35 and Supplement Appendix C-36.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children after ROSC
• Intervention: Use of parenteral fluids and inotropes and/or vasopressors to maintain targeted measures of perfusion such as blood pressure
• Comparator: No use of these interventions
• Outcome: Patient satisfaction; survival with favorable neurological and functional outcome at discharge, 30 days, 60 days, 180 days, and/or 1 year;
survival with favorable neurological and functional
outcome at discharge, 30 days, 60 days, 180 days,
and/or 1 year; survival to hospital discharge; harm
to patient
• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
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• Time frame: All years and languages included if
there was an English abstract; literature search was
updated to September 2019.
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2015.11,12
We recommend that for infants and children af- ter
ROSC, parenteral fluids and/or inotropes or vasopressors should be used to maintain a systolic blood
pressure of at least greater than the fifth percentile for
age (strong recommendation, very low-quality
evidence).

Post-ROSC Neuroprognostication and Use
of Electroencephalogram (PLS 813 and
PLS 822: EvUp)
The most recent PLS Task Force review of post-ROSC
predictive factors was published in the 2015 CoSTR but
was focused only on the use of electroencephalography.11,12 This EvUp was performed to determine if sufficient evidence exists to suggest the need for a SysRev.
The EvUp identified 8 studies reporting associations of
several factors in addition to electroencephalography
with outcomes after cardiac arrest.
The PLS Task Force agreed that this topic is of such
interest that they support the suggestion of a SysRev,
with a broader search strategy to include studies of
additional potential prognostic indicators beyond the
electroencephalography. Until the SysRev is completed, the 2015 treatment recommendation remains in
effect.11,12 To review the EvUp, see Supplement Appendix C-37.
Population, Intervention, Comparator, Outcome,
Study Design, and Time Frame
• Population: Infants and children who have had
cardiac arrests in the hospital or out-of-hospital
setting
• Intervention: Use of neuro-electrophysiology information (electroencephalography). Note: the PLS
Task Force agreed that the list of possible interventions or diagnostic tools must expand for the next
search.
• Comparator: None
• Outcome: Survival to 1 year with good neurological outcome, survival to 180 days with good
neurological outcome, survival to 60 days with
good neurological outcome, survival to 6 months,
survival to 30 days with good neurological outcome, survival to 30 days with good neurological
outcome, survival to hospital discharge with good
neurological outcome, survival with favorable neurological outcome, survival to hospital discharge

• Study design: RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) eligible
for inclusion
• Time frame: All years and languages included if
there was an English abstract; literature search
from January 2013 to August 2019
Treatment Recommendations
This treatment recommendation (below) is unchanged
from 2015.11,12
We suggest that practitioners use multiple variables
when attempting to predict outcomes for infants and
children after cardiac arrest (weak recommendation,
very low-quality evidence).

TOPICS NOT REVIEWED IN 2020
• Etomidate and pediatric septic shock (PLS 402)
• Compression-only CPR for intubated neonates
outside delivery room (PLS 380)
• Formulas for peds endotracheal tube size (PLS 401)
• Endotracheal tube versus IV drugs (PLS 403)

FUTURE TASKS
The following PICOSTs were prioritized by the task
force for performing a SysRev. The PLS Task Force will
determine the time-tabling for this body of work.
Fluid administration for septic shock (PLS New)
Fluid administration in shock associated with dengue
Fluid administration in malaria with shock
Optimal timing for the administration of fluid resuscitation in pediatric trauma
Prearrest care of the infant or child with dilated cardiomyopathy or myocarditis (PLS 819: EvUp)
Prevention and management of pulmonary hypertensive crisis in infants and children (PLS 391: EvUp)
Opioids, sedatives, and muscle relaxants for pulmonary hypertension (PLS 056: EvUp)
Therapy with inhaled nitric oxide or prostaglandin I2
for pulmonary hypertensive crisis and right heart failure
(2020 New EvUp)
CPR for heart rate of less than 60/min (PLS 1535:
EvUp)
Energy doses for defibrillation (PLS 405: ScopRev)
Advanced airways: Cuffed versus uncuffed tubes
(PLS 412: EvUp)
Resuscitation of the patient with a single ventricle
(PLS 390: EvUp)
Resuscitation after traumatic arrest (PLS 498: EvUp)
Post-ROSC blood pressure control (PLS 820: EvUp)
Further work will be undertaken to look at diagnostic
tests (PLS 411)
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Effect of identification and preventive management
of genetically related family members of those with
channelopathies on incidence of cardiac arrest (PLS 417)
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APPENDIX A-1: EPINEPHRINE TIME OF INITIAL DOSE AND DOSE INTERVAL DURING CPR (PLS 1541: SYS REV)

QUESTION
Should IHCA_Epinephrine Interval <3min or >5min vs. 3-5min be used for Pediatric cardiopulmonary arrest?
POPULATION:

Pediatric cardiopulmonary arrest

INTERVENTION:

Intervention: 1) Administration of the initial dose of epinephrine earlier or later than current guideline recommendations. 2) Administration of epinephrine more or less frequently than
every 3-5 minutes following the initial dose.

COMPARISON:

Comparators: Timing of administration of epinephrine in line with current guideline recommendations.

MAIN OUTCOMES:

ROSC; Survival to hospital discharge; 12-month survival;

SETTING:
PERSPECTIVE:
BACKGROUND:
CONFLICT OF
INTERESTS:

ASSESSMENT
Problem

Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

As the main pharmacological treatment of cardiopulmonary arrest, epinephrine use, dosing
and interval have high potential to affect outcomes of pediatric CPR. The current
recommendation is based on moderate quality non randomized studies.

ADDITIONAL CONSIDERATIONS

Desirable Effects

How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE
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ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
○ Moderate
● Large
○ Varies
○ Don't know

Desirable effects are reduced mortality and improved neurological prognosis

Undesirable Effects

How substantial are the undesirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

● Large
○ Moderate
○ Small
○ Trivial
○ Varies
○ Don't know

Undesirable effects are higher mortality and worse neurological prognosis

ADDITIONAL CONSIDERATIONS

Certainty of evidence

What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

● Very low
○ Low
○ Moderate
○ High
○ No included studies

There are no pediatric randomized controlled trials in this issue. Evidence from observational
studies has very serious risk of bias. The epinephrine interval studied was a mean, calculated as
the duration of the resuscitation divided by the number of doses. The actual dose interval was
not measured

Values

Is there important uncertainty about or variability in how much people value the main outcomes?
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ADDITIONAL CONSIDERATIONS

JUDGEMENT

RESEARCH EVIDENCE

○ Important uncertainty or variability
○ Possibly important uncertainty or variability
● Probably no important uncertainty or
variability
○ No important uncertainty or variability

As outcomes are survival and survival with good neurological outcome there is probably low
variability.

ADDITIONAL CONSIDERATIONS

Balance of effects

Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
● Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

Too few studies to give a confident answer. Adjusted data seems to favor longer intervals,
whereas unadjusted data favors the comparator

ADDITIONAL CONSIDERATIONS

Resources required

How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

○ Large costs
○ Moderate costs
● Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

Epinephrine is a cheap drug, easily available even in remote settings.

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
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ADDITIONAL CONSIDERATIONS

JUDGEMENT

RESEARCH EVIDENCE

○ Very low
○ Low
○ Moderate
○ High
● No included studies

No studies on cost included, but most likely low cost.

ADDITIONAL CONSIDERATIONS

Cost effectiveness

Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies

Longer intervals would mean less doses of epinephrine, so it favors intervention.
Overall cost is low either way.

ADDITIONAL CONSIDERATIONS

Equity

What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

○ Reduced
○ Probably reduced
● Probably no impact
○ Probably increased
○ Increased

Drug already used in most settings, and not very expensive.
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ADDITIONAL CONSIDERATIONS

○ Varies
○ Don't know

Acceptability

Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

As epinephrine is already used and current recommendations are similar to previous ones,
acceptability will probably be high

Feasibility

Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

Very easy to implement as it would mean less interventions during CPR

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important uncertainty
or variability

Possibly important
uncertainty or
variability

Probably no important
uncertainty or
variability

No important
uncertainty or
variability

Downloaded from www.aappublications.org/news by guest on November 18, 2020

No included studies

JUDGEMENT
BALANCE OF EFFECTS

Favors the comparison

Probably favors the
comparison

Does not favor either
the intervention or the
comparison

Probably favors the
intervention

Favors the intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

Very low

Low

Moderate

High

COST EFFECTIVENESS

Favors the comparison

Probably favors the
comparison

Does not favor either
the intervention or the
comparison

Probably favors the
intervention

Favors the intervention

Varies

No included studies

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

Increased

Varies

Don't know

ACCEPTABILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

FEASIBILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

CERTAINTY OF EVIDENCE OF
REQUIRED RESOURCES

No included studies

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

○

Conditional recommendation against the
intervention

●

Conditional recommendation for either
the intervention or the comparison

○

CONCLUSIONS
Recommendation
Maintain current interval of 3-5min

Justification
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Conditional recommendation for the
intervention

○

Strong recommendation for the
intervention

○

Subgroup considerations

Implementation considerations

Monitoring and evaluation

Research priorities
An RCT into longer epinephrine dosing intervals would be justifiable ethically as there is equipoise between the current interval and longer dose intervals
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APPENDIX A-2: OXYGEN (A) AND CARBON DIOXIDE (B) TARGETS IN PEDIATRIC PATIENTS WITH RETURN OF SPONTANEOUS CIRCULATION
AFTER CARDIAC ARREST (PLS 815: 2020 COSTR)

ASSESSMENT QUESTION
Should IHCA_Epinephrine Interval <3min or >5min vs. 3-5min be used for Pediatric cardiopulmonary arrest?
POPULATION:

Pediatric cardiopulmonary arrest

INTERVENTION:

Intervention: 1) Administration of the initial dose of epinephrine earlier or later than current guideline recommendations. 2) Administration of epinephrine more or less frequently than
every 3-5 minutes following the initial dose.

COMPARISON:

Comparators: Timing of administration of epinephrine in line with current guideline recommendations.

MAIN OUTCOMES:

ROSC; Survival to hospital discharge; 12-month survival;

SETTING:
PERSPECTIVE:
BACKGROUND:
CONFLICT OF
INTERESTS:

QUESTION (A)
Oxygenation strategy after return of spontaneous circulation (ROSC) in children with cardiac arrest
POPULATION:

Children with cardiac arrest in any setting who have attained ROSC

INTERVENTION:

A specific oxygenation strategy

COMPARISON:

An alternative oxygenation strategy or no specific oxygenation strategy

MAIN
OUTCOMES:

Survival to hospital discharge, 3 months or longer; survival to hospital discharge, 3 months or longer with favorable neurologic outcome.

SETTING:

Pre-hospital or in the hospital setting
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ASSESSMENT
Problem

Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

Cardiac arrest in children is a high morbidity and mortality event, and neurologic injury is common in those who do survive. Both
hypoxemia and hyperoxia have been thought to possibly be associated with worse outcome in post-arrest patients previously.
Hypoxemia may worsen ischemic brain injury and injury to other organs, while hyperoxia may lead to increased oxidative stress
and organ damage after reperfusion. Several new adult studies, both observational and randomized trials, have been published
since this topic was last updated in 2015. There have been no pediatric studies investigating this question since 2015.

ADDITIONAL CONSIDERATIONS

Desirable Effects

How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

○ Trivial
○ Small
○ Moderate
○ Large
○ Varies
● Don't know

The three pediatric studies {Del Castillo 2012, Bennet 2013, Van Zellem 2015} deemed to have only serious risk of bias all found
no significant association between hyperoxia and outcomes. Only one of these {Del Castillo 2012} looked at hypoxia, and also
found no association with outcome. One larger registry-based study {Ferguson 2012} did find that hyperoxia was associated with
higher mortality, but although this study was much larger than the others it was deemed at critical risk of bias. This was due to
high concern for both residual confounding due to the lack of adjustment for cardiac arrest characteristics, and selection bias.
There is therefore no convincing evidence from clinical studies demonstrating harm from hyperoxia in children.
The evidence on the effect of hyperoxia on survival and neurologic outcome in adults is very mixed, with many inconsistencies in
methodology and results across studies. Randomized trials done in adults to date are very small and the observational studies are
all at serious or critical risk of bias. Within these limitations studies have reported a mix of positive and negative results, leaving
true uncertainty. Randomized trials and observational studies have generally found either no effect or a possible benefit from
normoxia compared to hyperoxia. The recent adult RCT that included a subgroup of post-arrest patients (larger than any of the
RCTs done previously) found a benefit in the conservative (lower) oxygen group.
GRADE TABLES FOR LOWER OXYGEN STRATEGY COMPARED TO HIGHER OXYGEN STRATEGY IN THE ICU (all studies are in adults,
downgraded additionally for indirectness for pediatrics)
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ADDITIONAL CONSIDERATIONS

№ of studies

Study design

lower %
oxygen

higher %
oxygen

Relative
(95% CI)

Absolute
(95% CI)

4/8 (50.0%)

4/9 (44.4%)

RR 1.13
(0.41 to
3.08)

39/59
(66.1%)

Certainty

Importance

58 more per
1,000
(from 262 fewer
to 924 more)

⨁◯◯◯

CRITICAL

RR 1.07
(0.84 to
1.36)

46 more per
1,000
(from 106 fewer
to 238 more)

⨁⨁◯◯

CRITICAL

32/78
(41.0%)

RR 1.39
(1.01 to
1.92)

160 more per
1,000
(from 4 more to
377 more)

⨁◯◯◯

CRITICAL

4/9 (44.4%)

RR 0.56
(0.14 to
2.29)

196 fewer per
1,000
(from 382 fewer
to 573 more)

⨁◯◯◯

CRITICAL

RR 1.13
(0.87 to
1.47)

79 more per
1,000
(from 79 fewer to
287 more)

⨁⨁◯◯

CRITICAL

Survival to discharge-Young
1

randomised trials

VERY LOW

Survival to discharge-Jakkula
1

randomised trials

43/61 (70.5%)

LOW

3 month survival-ICU-ROX
1

randomised trials

49/86 (57.0%)

VERY LOW

Discharge to home-Young
1

randomised trials

2/8 (25.0%)

VERY LOW

CPC 1-2 at 6 months-Jakkula
1

randomised trials

42/61 (68.9%)

36/59
(61.0%)

Favorable GOSE at 6 months-ICU-ROX
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LOW

1

randomised trials

35/78 (44.9%)

23/72
(31.9%)

RR 1.40
(0.93 to
2.13)

128 more per
1,000
(from 22 fewer to
361 more)

⨁◯◯◯

CRITICAL

VERY LOW

Undesirable Effects

How substantial are the undesirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

○ Large
○ Moderate
○ Small
○ Trivial
● Varies
○ Don't know

Although the evidence is of low certainty, it is likely that the undesirable effects of hypoxia are significant. The undesirable effects
on neurologic outcome of hyperoxia are very uncertain based on inconsistency of study results.

ADDITIONAL CONSIDERATIONS

Certainty of evidence

What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

● Very low
○ Low
○ Moderate
○ High
○ No included studies

The certainty of evidence varies across the included studies from very low to low (see tables and summary of observational data
above).

ADDITIONAL CONSIDERATIONS

Values

Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT

RESEARCH EVIDENCE

○ Important uncertainty or variability
○ Possibly important uncertainty or
variability
● Probably no important uncertainty or
variability
○ No important uncertainty or variability

Survival with favorable neurologic outcome and survival are generally accepted as critical outcomes.

Balance of effects

Does the balance between desirable and undesirable effects favor the intervention or the comparison?
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ADDITIONAL CONSIDERATIONS

JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○Probably favors the comparison
○ Does not favor either the intervention or
the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● Don't know

For hyperoxia, pediatric and adult studies generally show either association with harm or no association, but do not generally
show association with benefit. The balance of evidence therefore slightly favors avoiding hyperoxia, although it should be noted
that the only pediatric studies finding association with harm were deemed at critical risk of bias. For hypoxemia, limited evidence
favors avoiding hypoxemia in adults, although this is not supported by data in pediatrics.

ADDITIONAL CONSIDERATIONS

Resources required

How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

○ Large costs
○ Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
● Don't know

We did not identify any studies evaluating the cost of an oxygen strategy targeting a specific/lower oxygen saturation. However,
as it is the current standard of care to measure an oxygen saturation continuously in post-arrest, critically-ill patients, and since a
titrated oxygen approach would lead the same or decreased oxygen use, it is likely that an intervention to avoid hyperoxia would
not incur significant cost. For EMS systems, many are not equipped to titrate oxygen, so providing titratable systems would incur
additional resource costs.

ADDITIONAL CONSIDERATIONS

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE
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ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
○ Moderate
○ High
● No included studies

We did not identify any studies specifically comparing resources including costs between the two interventions.

Cost effectiveness

Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Favors the comparison
We did not identify any studies addressing cost-effectiveness.
○ Probably favors the comparison
○ Does not favor either the intervention or
the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

Equity

What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

○ Reduced
○ Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
○ Varies
● Don't know

We did not identify any studies addressing health equity regarding this topic.

Acceptability

Is the intervention acceptable to key stakeholders?
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ADDITIONAL CONSIDERATIONS

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

We have not identified any research that assessed acceptability, but these TRs do not include any substantial changes compared
to 2015.

Although we did not identify any
studies addressing acceptability, it
is common practice to decrease
FiO2 for other critically ill patients
and would likely be acceptable to
those treating post-arrest
patients. The TR for carbon
dioxide targets is also in line with
current clinical practice for other
critically ill patients.

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

Feasibility was not specifically addressed by this review. However, avoiding hyperoxia should be feasible in most ICU settings
where patients are continually monitored. Decreasing FiO2 in the pre-hospital setting or in the immediate post-arrest period may
be less feasible as oxygen saturations may be hard to obtain reliably.

Feasibility

Is the intervention feasible to implement?

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important uncertainty
or variability

Possibly important
uncertainty or
variability

Probably no important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the comparison

Probably favors the
comparison

Does not favor either
the intervention or the
comparison

Probably favors the
intervention

Downloaded from www.aappublications.org/news by guest on November 18, 2020

No included studies

Favors the intervention

Varies

Don't know

JUDGEMENT
Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Very low

Low

Moderate

High

COST EFFECTIVENESS

Favors the comparison

Probably favors the
comparison

Does not favor either
the intervention or the
comparison

Probably favors the
intervention

Favors the intervention

Varies

No included studies

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

Increased

Varies

Don't know

ACCEPTABILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

FEASIBILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

RESOURCES REQUIRED
CERTAINTY OF EVIDENCE OF
REQUIRED RESOURCES

Large savings

Don't know

Varies

No included studies

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

○

Conditional recommendation against the
intervention

●

Conditional recommendation for either
the intervention or the comparison

○

Conditional recommendation for the
intervention

•

Strong recommendation for the
intervention

○

CONCLUSIONS
Recommendation
We suggest that rescuers measure PaO2 after ROSC and target a value appropriate to the specific patient condition. In the absence of specific patient data, we suggest rescuers target normoxemia after ROSC (weak
recommendation, very-low-quality evidence). Given the availability of continuous pulse oximetry, targeting an oxygen saturation of 94-99% may be a reasonable alternative to measuring PaO2 and titrating oxygen
when feasible to achieve normoxia.
Justification
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One large observational study at critical risk of bias found harm associated with hyperoxia in children after cardiac arrest, and 3 much smaller studies at serious risk of bias found no association. Given the lack of
association with benefit and the suggestion of possible harm, it seems most reasonable to avoid hyperoxia.

Subgroup considerations
There is insufficient evidence to evaluate whether particular subgroups, such as children with chronic hypoxemia due to congenital heart disease, would benefit from a different oxygen target.

Implementation considerations

Monitoring and evaluation

Research priorities

QUESTION (B)
Carbon dioxide targets after return of spontaneous circulation (ROSC) in children with cardiac arrest
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POPULATION:

Children in any setting (in-hospital or out-of-hospital) with cardiac arrest from any etiology who have attained ROSC

INTERVENTION:

A strategy targeting a specific carbon dioxide range

COMPARISON:

A strategy targeting an alternative carbon dioxide range or no specific range.

MAIN
OUTCOMES:

Survival to hospital discharge, 3 months or longer; survival to hospital discharge, 3 months or longer with favorable neurologic outcome.

SETTING:

In the hospital setting

ASSESSMENT
Problem

Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

Pediatric cardiac arrest, both in the out-of-hospital and in-hospital setting, is relatively uncommon, but has a very high mortality, with neurologic injury as a common cause
of death, particularly for out-of-the-hospital cardiac arrest (OHCA). Both hypocapnia and hypercapnia have been thought to possibly be associated with worse neurologic
outcome in post-arrest patients previously. Hypocapnia can lead to cerebral vasoconstriction, which could lead to decreased perfusion in a brain already at risk for
ischemic injury. Hypercapnia may increase cerebral blood flow. This has been posited as a possible way to mitigate hypoxic brain injury, but the effect of this when cerebral
edema is present is not known. There are no randomized trials on this topic in children.

ADDITIONAL
CONSIDERATIONS

Desirable Effects

How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

○ Trivial
○ Small
○ Moderate
○ Large
○ Varies
● Don't know

There is no evidence for benefit associated with hypercapnia or hypocapnia after ROSC in children. The available evidence on the effect of hypercapnia or hypocapnia in
adults is inconsistent, with the randomized trials done to-date showing no effect. Given the variability in results the effect is likely to be small, if any. However, the trials
thus far are small and there is some data on the effect of carbon dioxide levels on cerebral perfusion, the clinical significance of which remains unknown.

Undesirable Effects

How substantial are the undesirable anticipated effects?
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ADDITIONAL
CONSIDERATIONS

JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL
CONSIDERATIONS

○ Large
○ Moderate
○ Small
○ Trivial
○Varies
● Don't know

The available evidence on the effect of hypercapnia or hypocapnia in children is limited to very low certainty evidence from one observational study. This study found that
hypercapnia after ROSC was associated with worse survival. This association did not persist at 24 hours after ROSC. The same study failed to demonstrate an association
between hypocapnia (compared to normocapnia) and outcome, but was limited by very small numbers in the hypocapnia group.
Question: Hypercapnia after ROSC compared to normocapnia after ROSC for children after cardiac arrest
Certainty assessment
№ of
studies

Study design

Risk of bias

Inconsistency

№ of patients

Effect

Indirectness

Imprecision

Other
considerations

hypercapnia
after ROSC

normocapnia
after ROSC

Relative
(95% CI)

Absolute
(95% CI)

serious b

not serious

strong association

25/61
(41.0%)

87/130
(66.9%)

RR 0.61
(0.44 to 0.85)

261
fewer
per
1,000
(from
375
fewer to
100
fewer)

Certainty

Importance

⨁◯◯◯

CRITICAL

Certainty

Importance

⨁◯◯◯

CRITICAL

Certainty

Importance

Survival to hospital discharge-del Castillo
1

observational
studies

very
serious a

not serious

VERY LOW

Question: Hypercapnia at 24 hours compared to normocapnia at 24 hours for children after cardiac arrest
Certainty assessment
№ of
studies

Study design

Risk of bias

Inconsistency

№ of patients

Indirectness

Imprecision

serious b

very
serious c

Effect

Other
considerations

hypercapnia
at 24 hours

normocapnia
at 24 hours

Relative
(95% CI)

Absolute
(95% CI)

strong association

17/25
(68.0%)

78/122
(63.9%)

RR 1.06
(0.79 to 1.44)

38 more
per
1,000
(from
134
fewer to
281
more)

Survival to hospital discharge-del Castillo
1

observational
studies

very
serious a

not serious

VERY LOW

Question: Hypocapnia after ROSC compared to normocapnia after ROSC for children after cardiac arrest
Certainty assessment
№ of
studies

Study design

Risk of bias

Inconsistency

Indirectness

№ of patients
Imprecision

Other
considerations

hypocapnia
after ROSC

Survival to hospital discharge-del Castillo
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normocapnia
after ROSC

Effect
Relative
(95% CI)

Absolute
(95% CI)

1

observational
studies

very
serious a

not serious

serious b

not serious

none

15/30
(50.0%)

87/130
(66.9%)

RR 0.75
(0.51 to 1.09)

167
fewer
per
1,000
(from
328
fewer to
60 more)

⨁◯◯◯

CRITICAL

Certainty

Importance

⨁◯◯◯

CRITICAL

VERY LOW

Question: Hypocapnia at 24 hours compared to normocapnia at 24 hours for children after cardiac arrest
Certainty assessment
№ of
studies

Study design

Risk of bias

№ of patients

Inconsistency

Indirectness

Imprecision

not serious

serious b

very
seriousc

Effect

Other
considerations

hypocapnia
at 24 hours

normocapnia
at 24 hours

Relative
(95% CI)

Absolute
(95% CI)

none

5/9 (55.6%)

79/118
(66.9%)

RR 0.83
(0.46 to 1.51)

114
fewer
per
1,000
(from
362
fewer to
341
more)

Survival to discharge-del Castillo
1

observational
studies

very
serious a

VERY LOW

The available evidence on the effect of hypercapnia or hypocapnia in adults is inconsistent, with the randomized trials done to-date showing no effect. Given the variability
in results the effect is likely to be small, if any. However, the trials thus far are small and there is some data on the effect of carbon dioxide levels on cerebral perfusion, the
clinical significance of which remains unknown.

Certainty of evidence

What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

● Very low
○ Low
○ Moderate
○ High
○ No included
studies

The certainty of evidence from randomized trials is very low (see tables above).

Values

Is there important uncertainty about or variability in how much people value the main outcomes?
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ADDITIONAL
CONSIDERATIONS

JUDGEMENT

RESEARCH EVIDENCE

○ Important
uncertainty or
variability
○ Possibly
important
uncertainty or
variability
● Probably no
important
uncertainty or
variability
○ No
important
uncertainty or
variability

Survival with favorable neurologic outcome and survival are generally accepted as critical outcomes.

ADDITIONAL
CONSIDERATIONS

Balance of effects

Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the
comparison
○Probably
favors the
comparison
○ Does not
favor either
the
intervention
or the
comparison
●Probably
favors the
intervention
○ Favors the
intervention
○ Varies
○ Don't know

For carbon dioxide, the balance of effects favors normocapnia.

Resources required

How large are the resource requirements (costs)?
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ADDITIONAL
CONSIDERATIONS

JUDGEMENT

RESEARCH EVIDENCE

○ Large costs
○ Moderate
costs
○ Negligible
costs and
savings
○ Moderate
savings
○ Large
savings
○ Varies
● Don't know

We did not identify any studies evaluating the cost of a ventilation strategy targeting one carbon dioxide range over another, but a significant cost seems unlikely, except in
settings where blood gas analysis is not available.

ADDITIONAL
CONSIDERATIONS

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

○ Very low
○ Low
○ Moderate
○ High
● No included
studies

We did not identify any studies specifically comparing resources including costs between the two interventions.

ADDITIONAL
CONSIDERATIONS

Cost effectiveness

Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the
comparison

We did not identify any studies addressing cost-effectiveness.
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ADDITIONAL
CONSIDERATIONS

○ Probably
favors the
comparison
○ Does not
favor either
the
intervention
or the
comparison
○ Probably
favors the
intervention
○ Favors the
intervention
○ Varies
● No included
studies

Equity

What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

○ Reduced
○ Probably
reduced
○ Probably no
impact
○ Probably
increased
○ Increased
○ Varies
● Don't know

Targeting a specific carbon dioxide level may be difficult in settings where blood gas analysis is not available, but as this recommendation is not a change we do not think it
will increase or decrease inequity that is already present.

ADDITIONAL
CONSIDERATIONS

Acceptability

Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

We have not identified any research that assessed acceptability, but these TRs do not include any substantial changes compared to 2015.
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ADDITIONAL
CONSIDERATIONS

Feasibility

Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL
CONSIDERATIONS

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

Feasibility was not specifically addressed by this review, but should be feasible in most settings given that this is not a change in recommendation.

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important uncertainty
or variability

Possibly important
uncertainty or
variability

Probably no important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the comparison

Probably favors the
comparison

Does not favor either
the intervention or the
comparison

Probably favors the
intervention

Favors the intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

Very low

Low

Moderate

High

Favors the comparison

Probably favors the
comparison

Does not favor either
the intervention or the
comparison

Probably favors the
intervention

CERTAINTY OF EVIDENCE OF
REQUIRED RESOURCES
COST EFFECTIVENESS
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No included studies

No included studies

Favors the intervention

Varies

No included studies

JUDGEMENT
Varies

Don't know

Yes

Varies

Don't know

Yes

Varies

Don't know

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

ACCEPTABILITY

No

Probably no

Probably yes

FEASIBILITY

No

Probably no

Probably yes

Increased

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

○

Conditional recommendation against the Conditional recommendation for either
intervention
the intervention or the comparison

○●

○

Conditional recommendation for the
intervention

•

Strong recommendation for the
intervention

○

CONCLUSIONS
Recommendation
We suggest that rescuers measure PaCO2 after ROSC and target normocapnia (weak recommendation, very-low-certainty evidence). Consider adjustments to the target paCO2 for specific patient populations
where normocapnia may not desirable (e.g. chronic lung disease with chronic hypercapnia, congenital heart disease with single ventricle physiology, increased intracranial pressure with impending herniation).

Justification
Very low certainty evidence from one newer pediatric study suggests hypercapnia and hypocapnia may be associated with worse outcome, although this was only seen at the immediate post-ROSC time point, and
this study has significant risk of bias. This evidence, combined with the limited and inconsistent evidence in adults, favors targeting normocapnia..Providers should consider adjustments to the target paCO2 for
specific patient populations where normocapnia may not desirable (e.g. chronic lung disease with chronic hypercapnia, congenital heart disease with single ventricle physiology, increased intracranial pressure
with impending herniation)

Subgroup considerations
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There is insufficient evidence to evaluate whether any particular subgroups should be treated with different PaCO2 targets, but expert consensus recommends considering different targets in the groups
previously mentioned.

Implementation considerations
This recommendation is not a significant change from 2015, so we do not anticipate any challenge with implementation.

Monitoring and evaluation
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PLS TF Appendix B

Scoping Reviews
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APPENDIX B-1 Pediatric Compression Depth (PLS 314: ScopRev)
Conflict of Interest Declaration
The ILCOR Continuous Evidence Evaluation process is guided by a rigorous ILCOR Conflict of Interest policy. The following Task Force members and other authors were recused from
the discussion as they declared a conflict of interest: Robert M. Sutton
The following Task Force members and other authors declared an intellectual conflict of interest and this was acknowledged and managed by the Task Force Chairs and Conflict of
Interest committees:
Robert M Sutton published 2 studies which were used for this scoping review {Sutton RM 2014 1179-84}; {Sutton RM 2015 150-7} and is excluded from bias assessment and
narrative summaries of this review.

TFSR/TFScR team

Role

Name

*Task Force SR/ScR Team Lead
* Task Force SR/ScR Content Experts

Gene Ong
Amelia Reiss,
Robert M
Sutton

*Domain Lead
*TF SAC representative(s)

Allan DeCaen
Dianne
Atkins, Ian
Maconochie

Topic specific
COI reviewed

Notes
(needs to be TF member*)
Author Robert M Sutton published
{Sutton RM 2014 1179-84}
{Sutton RM 2015 150-7}
and is excluded from bias assessment and
narrative summaries of this review.
(assigned by SAC)
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Task Force Scoping Review Citation
Ong GY, Reiss A, Sutton RM, de Caen A, Atkins DL, Maconochie I, Aicken R, Bingham R, Couto TB, , Guerguerian AM, Nadkarni V, Ng KC, Nuthall G, Ong G, Reis A
,Schexynader S, Tijssen J , Van de Voorde P. on behalf of the International Liaison Committee Pediatric Life Support Taskforce. Pediatric chest compression depth: Scoping
Review and Task Force Insights [Internet] Brussels, Belgium: International Liaison Committee on Resuscitation (ILCOR) Education, Implementation, and Teams Task Force, 2020 09
Jan. Available from: http://ilcor.org

Methodological Preamble and Link to Published Scoping Review

The continuous evidence evaluation process started with a scoping review of basic life support conducted by the ILCOR BLS Task Force Scoping Review team. Evidence for adult and
pediatric literature was sought and considered by the Basic Life Support Task Force and the Pediatric Task Force groups respectively.

Scoping Review
Pending.

PICOST
PICOST
Population
Intervention
Comparison

Outcomes

Study Design

Description
Among infants and children who had received chest compression after outof-hospital or in-hospital cardiac arrest (excluding newborn children)
does the use of any specific chest compression depth
compared with the depth specified in the current treatment algorithm
- at least 1/3 AP chest depth
- approximately 4cm in infants, 5cm in children
Clinical outcomes, including
- short-term survival and neurological outcomes (e.g. return of spontaneous
circulation (ROSC), hospital discharge, 28-days, 30-days, and 1-month),
- long-term survival and neurological outcomes (e.g. 3-months, 6-months,
and 1-year).
Randomized controlled trials (RCTs) and non-randomized studies (nonrandomized controlled trials, interrupted time series, controlled before-and-
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after studies, cohort studies) are eligible for inclusion. Unpublished studies
(e.g., conference abstracts, trial protocols) are excluded.
Timeframe

All years and all languages are included as long as there is an English
abstract

Search Strategies

Database: Articles for review were obtained by searching PubMed, EMBASE, Cochrane, and Allied Health Literature (CINAHL), for all entries from database inception onwards (last
searched on October 31st, 2019).
The search terms/keywords: “Chest compression”, “Chest compression depth”, “Quality of chest compressions”, “Chest compression metrics”, “Pediatrics”, “Cardiac arrest”, and
“Cardiopulmonary resuscitation”; including their MESH terms, and Embase exploded terms.
The search strings used are detailed in Appendix A.

Inclusion and Exclusion criteria

1. Newborn at delivery, adult and animal studies were excluded
2. Populations who were not in cardiac arrest were excluded (pre- and post- arrest).
3. Case reports with <5 patients were excluded.
4. Pre-arrest epidemiological variables and other intra-cardiac arrest interventions other than chest compression depth were not evaluated (including compression rates and
recoil).

Data tables
Table 1. Pediatric studies on chest compression depth correlations with clinical outcomes
Author,
Design,
Populatio Intervention/Comparato Main findings
Year
Country
n
r
{Sutton 2014 1179}
Observatio IHCA
Cohort with >60% of CCs - ROSC:
nal,
(n=78)
administered with an
aOR = 4.21,
USA
average depth
95%CI:1.34–13.2,
of ≥51 mm compared to p = 0.014
the cohort that did not

Notes
Adjusted for year of arrest
and first documented
rhythm
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-unadjusted
analysis
74% vs 31% i.e.
OR 0.16 (0.06,
0.47), p<0.05

Unable to adjust for survival
to hospital discharged or
neurological outcome as
long-term survival rates
were low

24h survival:
- aOR = 10.3,
95%CI: 2.75-38.8,
p < 0.001
- unadjusted 70%
vs 16% i.e. OR
0.08 (0.06, 0.25),
p<0.05

Note that the percentages
were derived from total
events and not index events
for 24H survival and ROSC
Index events were used for
survival to discharge and
CPC

- Survival to
hospital
discharge
- unadjusted
analysis OR 0.26
(0.06, 1.09),
p>0.05
- Long term
neurological
outcome no difference in
survival with
good
neurological
outcome (PCPC
1–2 or no change
from baseline)-
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OR 0.25 (0.05,
1.25), p>0.05
{Sutton 2015 150}

Observatio
nal,
USA

N= 153
OHCA

Cohort with mean CC
depth ≥38mm vs CC
depth <38mm

ROSC
- adjusted
analysis: aOR
1.99, 95% CI (0.9,
4.42), p =0.09
- unadjusted
analysis showed
increased rates
of ROSC
(49.4% vs. 29.7%;
p = 0.01)

Chest compression depth
was a secondary analysis

Task Force Insights

1. Why this topic was reviewed.

ILCOR COSTR 2015 recommendations for paediatric chest compression depths were based on evidence provided by 2 observational studies. {Sutton 2014 1179}; {Sutton 2015 150}
Current literature suggests that there appears to be difficulty in achieving the current recommendations for chest compression depth targets, especially for the younger cardiac
arrest patients. {Niles 2018 421}
However, with increased availability of CPR feedback devices for infants and children that can provide real-time chest compression depth measurements, recommended chest
compression depth (4cm in infants and 5 cm in children) can be targeted, coached, and better achieved. {Cheng 2018 33}
There were some adult studies that observed potential harm in over-compression; which were not previously looked at in the pediatric population. A large adult out-of-hospital
cardiac arrest (OHCA) study {Steill 2014 1962} found a trend towards lower survival with chest compression depths >4.56cm (maximum survival was in the depth interval of 40.3 to
55.3 mm with peak, 4.56cm, after adjusting for confounders); suggesting that the 2010 American Heart Association cardiopulmonary resuscitation guideline target for adults may be
too high.
{Hellevuo 2013 760} demonstrated in their forensic study, increased rates of CPR-related injuries with deeper compressions if >6cm in adults.
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In a pediatric experimental (piglet) model that approximated the size and chest dimensions of young toddlers, {Morgan 2017 41} demonstrated that the group which received
standardized compression depth of 4.4±0.1cm had poorer survival rates when compared to the hemodynamics-targeted directed group. The hemodynamics-targeted directed
group had notably received significantly shallower chest compressions (mean chest compression depth of 3.0±0.2cm).
The above literature informed a need for review of recent updates on pediatric chest compression depth studies. This scoping review seeks to update current evidence in the
pediatric population since 2015.

2. Narrative summary of evidence identified

There were only 2 pediatric studies identified in the search.
Clinical outcomes:
Return of spontaneous circulation (ROSC)
Sutton {Sutton 2014 1179} reported increased rates of ROSC if ≥60% of compressions had a mean depth ≥5.1cm after adjusting for potential confounders in an inhospital pediatric
cohort (N=78); adjusted OR 10.3, 95%CI: 2.75-38.8, p < 0.001.
Sutton {Sutton 2015 150} observed in a cohort of paediatric out-of hospital cardiac arrest patients (N=153) that after adjusting for confounders, there were no increased rates of
ROSC if patients received a mean compression depth ≥38mm; adjusted OR 1.99 (95% CI 0.9, 4.42), p =0.09. In their unadjusted analysis, a mean chest compression depth ≥38 mm
showed increased rates of ROSC (49.4% vs. 29.7%; p = 0.01).
24H survival
Sutton {Sutton 2014 1179} reported favourable 24H inhospital survival if ≥60% of compressions were ≥5.1cm after adjusting for potential confounders with an adjusted OR 0.16
(95% CI 0.06, 0.47), p<0.05
Survival to hospital discharge
Sutton {Sutton 2014 1179} did not find any difference in survival to hospital discharge after inhospital cardiac arrest if patients received chest compressions with ≥60% of epoch had
a mean depth ≥5.1cm; OR 0.26 (95% CI 0.06, 1.09), p>0.05 (unadjusted analysis). They were unable to adjust for confounders due to the low number of survivors.
Long-term neurological outcomes
Sutton {Sutton 2014 1179} did not find any difference in survivors attaining CPC 1-2 if they received chest compression with ≥60% of epoch had mean depth ≥5.1cm after inhospital
cardiac arrest; OR (95% CI 0.25, 1.25), p>0. OR (95% CI 0.25, 1.25), p>0.05. They were unable to adjust for confounders due to the low number of survivors.

3. Narrative Reporting of the task force discussions
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This scoping review has not identified sufficient new evidence to prompt a new systematic review or reconsideration of current resuscitation guidelines/treatment
recommendations.
Previous chest depth studies used feedback devices with a single displacement sensor/accelerometer.
Compression depth measured by older feedback machines can be affected by the type of surface on which the compressions were performed (over-estimation if surface is allows
for movement e.g. on a bed or trolley mattress even if a CPR board was used).
Chest depth studies using feedback devices with dual displacement sensors/accelerometers may be more accurate.
An ongoing large, prospective international, multi-center study on CPR quality with dual sensor CPR feedback devices was identified.
PediResQ study (prospective, observational) https://clinicaltrials.gov/ct2/show/NCT02708134
This multi-center study on CPR quality with dual sensor CPR feedback devices may be able to better address this question. Publication of the study is expected to be within the next
1-2 years.

Knowledge Gaps
We recognize the paucity of pediatric studies and identified many gaps in the limited published literature.
Larger studies on critically important outcomes especially on long-term neurobehavioral outcomes will be needed to inform chest compression depth recommendations.
With increasing availability of CPR feedback devices even in both in- and out-of-hospital settings, it may be necessary to investigate clinical correlations of paediatric chest
compression depth targets when cardiopulmonary resuscitation is rendered with CPR feedback devices and without.
Other areas of studies on chest compression depth in the pediatric population that may require further research include:
1. Chest compression depth correlations with (diastolic) blood pressures in cardiac arrest patients with invasive blood monitoring in-situ and their clinical outcomes.
2. Clinical outcomes of using absolute versus relative chest compression depth target recommendations.
3. Clinical outcomes for the different age groups undergoing chest compressions: Infants (<1 year old), toddlers, school-going children and adolescents
4. Ethnic differences in the pediatric population (potential anthropometric differences)
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Search Strategies by database
1. Database: CINAHL

Search Strings:
([mm ‘cardiac arrest’:ab, ti OR mh ‘heart arrest’:ab,ti OR mh ‘cardiopulmonary arrest’:ab,ti OR mh ‘cardiovascu]lar arrest’:ab,ti] OR [mh ‘asystole*’:ab,ti] OR [mh ‘heart
ventricular fibrillation’] OR [mh ‘pulseless electrical activity’:ab,ti] OR [mh ‘‘cardiopulmonary resuscitation’:ab,ti OR mh ‘CPR’:ab,ti OR mh ‘life support’:ab,ti OR mh
‘cardiac massage*’:ab, ti OR mh ‘heart massage’:ab,ti OR mh ‘chest compression’:ab,ti OR mh ‘cardiac compression’:ab,ti) AND [mm ‘depth’:ab,ti OR mh ‘inches’:ab,ti OR
mh ‘centimetres’:ab,ti OR mh ‘centimeters’:ab,ti OR mh depress:ab,ti OR mh ‘relaxation’:ab,ti OR mh ‘chest wall compression’:ab,ti OR mh ‘chest compression
quality’:ab,ti OR mh ‘chest compression metrics’:ab,ti OR mh ‘compression force’:ab,ti)] AND [mm ‘pediatric*’:ab, ti OR mh ‘paediatric*’:ab, ti OR mh‘child*’:ab,ti OR
mh‘infan*’:ab, ti OR mh‘adolescen*:ab, ti])

2. Database: Cochrane

Search Strings:
([mh ‘cardiac arrest’:ab, ti OR ‘heart arrest’:ab,ti OR ‘cardiopulmonary arrest’:ab,ti OR ‘cardiovascu]lar arrest’:ab,ti] OR [mh ‘asystole*’:ab,ti] OR [mh ‘heart ventricular
fibrillation’] OR [mh ‘pulseless electrical activity’:ab,ti] OR [mh ‘‘cardiopulmonary resuscitation’:ab,ti OR ‘CPR’:ab,ti OR ‘life support’:ab,ti OR ‘cardiac massage*’:ab, ti OR
‘heart massage’:ab,ti OR ‘chest compression’:ab,ti OR exp ‘cardiac compression’:ab,ti) AND [mh depth:ab,ti OR inches:ab,ti OR centimetres:ab,ti OR centimeters:ab,ti OR
depress:ab,ti OR relaxation:ab,ti OR ‘chest wall compression’:ab,ti OR ‘chest compression quality’:ab,ti OR ‘chest compression metrics’:ab,ti OR ‘compression force’:ab,ti)]
AND [mh ‘pediatric*’:ab, ti OR ‘paediatric*’:ab, ti OR ‘child*’:ab,ti OR ‘infan*’:ab, ti OR ‘adolescen*:ab, ti])

3. Database: Embase

Search Strings:
(exp ‘cardiac arrest’:ab, ti OR exp ‘heart arrest’:ab,ti OR exp ‘cardiopulmonary arrest’:ab,ti OR exp ‘cardiovascular arrest’:ab,ti OR exp asystole*:ab,ti OR exp ‘heart
ventricular fibrillation’ OR exp ‘pulseless electrical activity’:ab,ti OR exp ‘cardiopulmonary resuscitation’:ab,ti OR exp ‘CPR’:ab,ti OR exp ‘life support’:ab,ti OR exp ‘heart
massage’:ab, ti OR exp ‘heart massage’:ab,ti OR ‘cardiac massage’:ab,ti OR exp ‘chest compression’:ab,ti OR exp ‘cardiac compression’:ab,ti) AND (depth:ab,ti OR
inches:ab,ti OR centimetres:ab,ti OR centimeters:ab,ti OR depress*:ab,ti OR relaxation:ab,ti OR ‘chest wall compression’:ab,ti OR ‘chest compression quality’:ab,ti OR
‘chest compression metrics’:ab,ti OR ‘compression force’:ab,ti) AND (exp ‘pediatric*’:ab, ti OR exp ‘paediatric*’:ab, ti OR exp‘child*’:ab,ti OR exp ‘infan*’:ab, ti OR exp
‘adolescen*:ab, ti) AND [Embase]/lim

4. Database: Pubmed

Search strings:
(((((((((((((cardiac arrest[MeSH Terms]) OR heart arrest[Title/Abstract]) OR cardiopulmonary arrest[Title/Abstract]) OR cardiovascular arrest[Title/Abstract]) OR
(asystole*[MeSH Terms]) OR ventricular fibrillation[Title/Abstract] OR pulseless electrical activity[Title/Abstract]) OR Cardiopulmonary Resuscitation[MeSH Terms]) OR
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resuscitation[Title/Abstract]) OR CPR[Title/Abstract]) OR life support[Title/Abstract]) OR CPR[Title/Abstract]) OR heart massage*[MeSH Terms]) OR heart
massage*[Title/Abstract]) OR cardiac massage*[Title/Abstract]) OR chest compression*[Title/Abstract]) OR cardiac compression*[Title/Abstract]) AND
((((((((((((depth[Title/Abstract]) OR recoil[Title/Abstract]) OR decompression[Title/Abstract]) OR elasticity[Title/Abstract]) OR inches[Title/Abstract]) OR
centimetres[Title/Abstract]) OR centimeters[Title/Abstract]) OR depress[Title/Abstract]) OR relaxation[Title/Abstract]) OR chest wall compression[Title/Abstract]) OR
chest compression quality[Title/Abstract]) OR chest compression metrics[Title/Abstract]) OR compression-force[Title/Abstract]) AND
((((‘pediatric*’[MeSH Terms]) OR ‘paediatric*’ *[Title/Abstract])) OR child*’: *[Title/Abstract]) OR exp ‘infan*’ *[Title/Abstract]) OR ‘adolescen**[Title/Abstract])
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B-2 Pediatric Early Warning Scores (PEWS) (PLS 818: ScopRev)
Conflict of Interest Declaration
The ILCOR Continuous Evidence Evaluation process is guided by a rigorous ILCOR Conflict of Interest policy. The following Task Force members and other authors
were recused from the discussion as they declared a conflict of interest: none applicable
The following Task Force members and other authors declared an intellectual conflict of interest and this was acknowledged and managed by the Task Force Chairs
and Conflict of Interest committees: none applicable

Task Force Scoping Review Citation
Ng KC, Vinay N,, Maconochie I, Aicken R, Atkins DL, Bingham R, Couto TB, de Caen A, Guerguerian AM, Nadkarni V, Ng KC, Nuthall G, Ong G, Reis A,
Schexynader S, Tijssen J, Van de Voorde P on behalf of the International Liaison Committee on Resuscitation Pediatric Life Support Taskforce. Pediatric Early Warning
Scores in Infants and Children – A Scoping Review and Task Force Insights from the International Liaison Committee on Resuscitation Pediatric Life Support Taskforce. 09
January 2020 Available from: http://ilcor.org

Methodological Preamble and Link to Published Scoping Review
The continuous evidence evaluation process started with a scoping review conducted by the ILCOR PLS Task Force Scoping Review team. Evidence for pediatric literature was
sought and considered by the Pediatric Life Support Task Force.

Scoping Review
No published review as yet.
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PICOST
The PICOST (Population, Intervention, Comparator, Outcome, Study Designs and Timeframe)

Population: Infants and children in in-hospital setting
Intervention: Pediatric early warning scores (PEWS) with or without rapid response teams/medical emergency teams (RRTs/METs)
Comparators: No PEWS +/- RRTs/METs.
Outcomes: In-hospital deterioration, including mortality.
Study Designs: Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled before-and-after
studies, cohort studies) are eligible for inclusion. Unpublished studies (e.g., conference abstracts, trial protocols) are excluded.

Timeframe: All years and all languages were included as long as there was an English abstract; unpublished studies (e.g., conference abstracts, trial protocols) were
excluded. Literature search updated to September 15, 2019.

Search Strategies
PubMed (Jan 2015 – September 2019)
("pediatrics"[mh] OR "pediatric"[ti] OR "paediatric"[ti]) AND ("patient care team"[MeSH Major Topic] OR medical emergency team[ti] OR medical emergency
teams[ti] OR pMET[ti] OR rapid response system[ti] OR rapid response team[ti] OR rapid response teams[ti] OR early warning system[ti] OR early warning score[ti]
OR early warning scores[ti])
Cochrane Central Register of Controlled Trials /CENTRAL (Jan 2015 to September 2019)
"early warning score*","early warning system*", "early warning tool*", "VitalPAC Early Warning Score", "activation criteria", "Rapid Response Team", "Rapid
Response system*", "Track and trigger", "trigger tools", "calling criteria", "Alert criteria", "Rapid Response", pediatric* or paediatric* or infant* or child* or baby or
toddler or babies or teen* or adolescent*, "Pediatric Early Warning", "Paediatric Early Warning", "p?ediatric alert", "Pediatric Rapid Response", "Pediatric Advanced
Warning Score*", "Paediatric Advanced Warning Score*", "infant early warning", "Bedside PEWS", "Bedside paediatric early warning"
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Inclusion and Exclusion criteria
Literature search was updated from January 2015 to September 15, 2019.
Studies which addressed the above PICO were included • Infants and children in in-hospital setting
• Pediatric early warning scores (PEWS) with or without rapid response teams/medical emergency teams (RRTs/METs)
• Outcomes: In-hospital deterioration, including mortality.
• Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled before-and-after
studies, cohort studies) were included
• All years and all languages were included as long as there was an English abstract;
Exclusion Criteria
• patient population > 18 years
• unpublished studies (e.g., conference abstracts, trial protocols) were excluded.

Evaluation of Included Studies
Reference

{Trubey 2019
e022105}

Methods

Systematic Review British Nursing Index,
Cumulative Index of
Nursing and Allied
Health Literature,
Cochrane Central
Register of Controlled
Trials, Database of
Abstracts of Reviews of
Effectiveness, EMBASE,
Health Management
Information Centre,

Participants / Interventions / Comparisons
(1) papers reporting on the development or
validation of a Paediatric Track and Trigger Tool
(PTTT) or
(2) the implementation of a broader early
warning system in paediatric units (age 0–18
years), where adverse outcome metrics were
reported. Several study designs were
considered.
Question 1:

Outcomes

3118 papers were identified & screened.
387 full text articles were reviewed and 66
met the inclusion criteria - 36 validation
studies and 30 effectiveness studies were
included, with 27 unique PTTT identified.

Notes

Overall, there was limited
evidence that paediatric
early warning system
interventions lead to
reductions in deterioration.

Validation studies were largely
retrospective case-control studies or chart
reviews, while effectiveness studies were
predominantly uncontrolled before-after
studies.
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Medline, Medline in
Process, Scopus and
Web of Knowledge.

How well validated are existing PTTT and their
component parts for predicting inpatient
deterioration?

Results were searched
through May 2018.

Question 2:
How effective are paediatric early warning
systems (with or without a PTTT) at reducing
mortality and critical events?

The metrics of adverse outcomes varied
considerably. Some PTTT demonstrated
good diagnostic accuracy in retrospective
case-control studies (primarily for
predicting paediatric intensive care unit
transfers), but positive predictive value was
consistently low, suggesting potential for
alarm fatigue.
A small number of effectiveness studies
reported significant decreases in mortality,
arrests or code calls, but were limited by
methodological concerns.

{Lambert 2017
e014497}

Systematic Review PubMed, MEDLINE,
CINAHL, EMBASE and
Cochrane were
searched systematically
from inception up to
August 2016.
Eligible studies had to
refer to PEWS, inclusive
of rapid response
systems and teams.
Outcomes had to be
specific to the
identification of and/or
response to clinical
deterioration in children

Eligible papers had to refer to PEWS, inclusive of
rapid response systems (RRS) and rapid
response teams (RRT). Outcomes had to be
specific to the identification of and/or response
to clinical deterioration in child patients
(including neonates) in paediatric hospital
settings (including emergency departments). No
study design restrictions were applied.
The Irish Department of Health commissioned
this review & the review questions were:
1. What is the available evidence on the
effectiveness of different PEW detection
systems?

2742 papers were identified and 90 papers
included.
Findings showed that while PEWS are
extensively used internationally in
paediatric inpatient hospital settings,
robust empirical evidence on which PEWS
is most effective was limited.

The studies examined did
however highlight some
evidence of positive
directional trends in
improving clinical and
process-based outcomes
for clinically deteriorating
children.
Favourable outcomes were
also identified for
enhanced multidisciplinary
team work, communication
and confidence in
recognising, reporting and
making decisions about
child clinical deterioration.
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(including neonates) in
paediatric hospital
settings (including
emergency
departments).
{Chapman 2016 87}

Systematic Review AMED,
CINAHL,Cochrane
Library, EMBASE, and
OVID Pubmed were
used in the search from
1990.
In addition, Google
scholar was searched
and abstracts from the
annual conferences of
the Royal Collegeof
Paediatrics and Child
Health (RCPCH);
European Society of
Paediatric and Neonatal
Intensive Care (ESPNIC)
and European Society of
Intensive Care Medicine
(ESCIM); together with
the bi-annual World
Congress in Paediatric
Intensive Care were
hand-searched from
2000 onwards.

2. What evidence exists on the effectiveness of
PEW response mechanisms, and what
interventions are used?
3. What evidence exists on PEWS
implementation strategies/interventions?
To describe the number and nature of published
paediatric track and trigger systems (PTTS) and
appraise the evidence on their validity,
calibration, and effect on important patient
outcomes (death, cardiac and/or respiratory
arrest, unplanned transfer to intensive/high
dependency care, immediate/urgent request for
review, rapid response system activation).
GRADE methodology was used with papers
identified through electronic database and
citation searching.

There were 55 studies with 33 PTTS
identified. There was considerable variety
in the number and type of parameters,
although all contained one or more vital
signs.
The evidence to support PTTS
implementation was very low and the
majority of outcomes did not achieve
statistical significance.

When PTTS was
implemented as part of a
rapid response system, the
evidence was moderate to
low but there was some
evidence of a statistically
significant improvement in
outcome.
There is some limited
evidence for the validity
and clinical utility of PTTS
scores. The high (and
increasing) number of
systems is a significant
confounder.
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{Brown 2019 410}

Scoping Review Web of Science,
PubMed, Scopus,
Cumulative Index of
Nursing, and Allied
Health Literature
(CINAHL), EMBASE,
Portal Regional da BVS,
and TRIP Database were
searched for all entries
written in English or
Spanish from database
inception to November
2017.

{Parshuram 2018
1002}

Multicenter cluster
randomized trial

The purpose of this review was to summarize
the current evidence for use of PEWS in RLS and
identify areas for further research.

Though there is limited research, eight
studies on the use of PEWS, or a PEWS
score in a pediatric population in low- or
middle-income countries were identified.
There were 2 studies that assessed the
clinical effect of implementation of PEWS one reported a reduction in clinical
deterioration events and the other a
reduction in mortality.

EPOCH (Evaluating processes of care and
outcomes of children in hospital) study.
The 21 participating hospitals were from 7
countries (Belgium, Canada, England, Ireland,
Italy, New Zealand, and the Netherlands) with
inpatient units for infants (gestational age >/=
37 weeks) to teenagers (aged =/< 18 years).
Participating hospitals had continuous physician
staffing and subspecialty pediatric services. The
intervention was the Bedside PEWS in 10
hospitals and this was compared with usual care
in 11 hospitals (no severity of illness score;).
Enrollment started in February 2011, and ended
on June 21, 2015 with follow-up ending on July
2015.
The primary outcome was all-cause hospital
mortality and the secondary outcome was
significant clinical deterioration events, which

The remaining studies assessed the
association of a PEWS score with signs of
clinical deterioration or mortality without a
response algorithm.
Among 144 539 patient discharges from 21
randomized hospitals, there were 559 443
patient-days and 144 539 patients (100%)
who completed the trial.
All-cause hospital mortality was 1.93 per
1000 patient discharges at hospitals with
Bedside PEWS and 1.56 per 1000 patient
discharges at hospitals with usual care
(adjusted between-group rate difference,
0.01 [95%CI, −0.80 to 0.81 per 1000 patient
discharges]; adjusted odds ratio, 1.01
[95%CI, 0.61 to 1.69]; P = .96).

There is some evidence,
though limited, which
suggests usefulness of
PEWS in low- or middleincome countries

The EPOCH findings do not
support the use of PEWS to
reduce mortality, but do
support the use of bedside
PEWS to decrease clinically
important deteriorations
on the wards in nontertiary care / community
hospitals.

Significant clinical deterioration events
occurred during 0.50 per 1000 patient-days
at hospitals with Bedside PEWS vs 0.84 per
1000 patient-days at hospitals with usual
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were defined as a composite outcome reflecting
late ICU admission. Regression analyses
accounted for hospital-level clustering and
baseline rates.

care (adjusted between-group rate
difference, −0.34 [95%CI, −0.73 to 0.05 per
1000 patient-days]; adjusted rate ratio,
0.77 [95%CI, 0.61 to 0.97]; P = .03).
Implementation of the bedside PEWS
compared with usual care did not
significantly decrease all-cause mortality
among hospitalized pediatric patients.
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Task Force Insights

1. Why this topic was reviewed.
There was a 2015 CoSTR on PLS 818 (PEWS) together with a 2015 CoSTR on PLS 397 (Pediatric RRTs/METs).
2015 CoSTR PEWS (PLS 818)
Treatment Recommendation:
The confidence in the estimate of predictive value is so low that the panel decided a recommendation is too speculative.
Knowledge Gaps :
•
•
•
•

Does PEWS, independent of other interventions, have an impact on outcomes?
A large pediatric, cluster-randomized, multicenter study is currently under way examining the impact of implementing a PEWS.
Additional outcome measures apart from cardiac arrest rate or hospital mortality are required.
Future specific research will need to focus on prospective evaluation of different PEWS for identifying and predicting patients at risk for different forms of
decompensation, including primary respiratory, circulatory, and neurologic etiologies.

2015 CoSTR RRTs/METs (PLS 397)
Recommendations
We suggest the use of pediatric MET/RRT systems in hospitals that care for children (weak recommendation, very-low quality evidence).
Values, Preferences, and Task Force Insights
In making this recommendation, we place a higher value on the potential to recognize and intervene for patients with deteriorating illness over the expense
incurred by a healthcare system committing significant resources to implement a MET/ RRT system. We recognize that the decision to use a MET/ RRT system
should be balanced by the existing resources and capabilities of the institution.
Knowledge Gaps
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•

•

The amount and quality of evidence in children compared with adults for the role of MET/RRT systems is very low. A major limitation to evaluation of
these systems is the low rate of pediatric cardiac arrest and mortality (especially outside the intensive care unit setting), including within the hospitals
from which the data in this analysis originate. As such, demonstrating a statistically significant effect after a new implementation is difficult. This is
apparent in that most studies demonstrated trends of improving cardiac arrest rate or mortality, although not to statistically significant levels. Use of a
more proximate outcome metric, like a critical deterioration event, might further support implementation of a MET/RRT in the pediatric inpatient setting.
The other major limitation in our analysis is the use of before-and-after studies, with the inherent limitations of unaccounted or confounding variables and
inability to develop a comparable control group. Joffe et al {Joffe 2011 419} demonstrated the potential for risk of bias or confounding variables by
comparing the mortality rate at their institution, which did not initiate or organize a MET/ RRT, with 5 published studies. The reduction in mortality at
their institution over the same time period was similar to the published results, illustrating the problems of confounding variables and contemporaneous
trends. Quality improvement methodology could be used to regulate the impact of a series of changes that include educational processes, documentation
review with feedback systems, and modification of other factors thought to improve the delivery of care.

This topic was chosen for review by the PLS Taskforce because of the previous weak recommendations in 2015 and to review and update based on new evidence in the
published literature.

2. Narrative summary of evidence identified
2019 PLS PEWS Narrative Summary
Since 2015, there was a multicenter cluster randomized trial – the EPOCH (Evaluating processes of care and outcomes of children in hospital) study {Parshuram
2018 1002}.
Participants were from 21 hospitals from 7 countries (Belgium, Canada, England, Ireland, Italy, New Zealand, and the Netherlands) with inpatient care for infants
(gestational age >/= 37 weeks) to teenagers (aged =/< 18 years).
Participating hospitals had continuous physician staffing and subspecialized pediatric services. The intervention was the Bedside PEWS in 10 hospitals and this was
compared with usual care (no severity of illness score; 11 hospitals). Enrollment started on February 2011, and ended on June 21, 2015 with follow-up ending on
July 2015.
The primary outcome was all-cause hospital mortality and the secondary outcome was a significant clinical deterioration event, which was defined as a composite
outcome reflecting late ICU admission. Regression analyses accounted for hospital-level clustering and baseline rates.
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Among 144 539 patient discharges at 21 randomized hospitals, there were 559 443 patient-days and 144 539 patients (100%) who completed the trial.
All-cause hospital mortality was 1.93 per 1000 patient discharges at hospitals with Bedside PEWS and 1.56 per 1000 patient discharges at hospitals with usual care
(adjusted between-group rate difference, 0.01 [95%CI, −0.80 to 0.81 per 1000 patient discharges]; adjusted odds ratio, 1.01 [95%CI, 0.61 to 1.69]; P = .96).
Significant clinical deterioration events occurred during 0.50 per 1000 patient-days at hospitals with Bedside PEWS vs 0.84 per 1000 patient-days at hospitals with
usual care (adjusted between-group rate difference, −0.34 [95%CI, −0.73 to 0.05 per 1000 patient-days]; adjusted rate ratio, 0.77 [95%CI, 0.61 to 0.97]; P = .03).
Implementation of the bedside PEWS compared with usual care did not significantly decrease all-cause mortality among hospitalized pediatric patients.
The EPOCH findings do not support the use of PEWS to reduce mortality, but do support the use of bedside PEWS to decrease clinically important deteriorations
on the wards in non-tertiary care / community hospitals.
There have been 3 systematic reviews {Trubey 2019 e022105; Lambert 2017 e014497; Chapman 2016 87} and 1 scoping review {Brown 2019 410} published since
2015 (see summary data in Table above).
3. Narrative Reporting of the task force discussions
Taskforce Insights
While there is limited evidence that pediatric early warning system interventions result in a reduction in in-hospital clinical deterioration, some effectiveness
studies, with methodological limitations, appear to show clinical benefits. The use of bedside PEWS should decrease clinically important deteriorations on the
wards in non-tertiary care / community hospitals.
There is sufficient evidence to warrant a systematic review.
Values, Preferences, and Task Force Insights
The taskforce considered that implementation of PEWS should be part of an overall clinical response system in the institution. The taskforce placed a high value
on the potential to recognize and intervene for patients with deteriorating illness, but recognised the expense incurred by a healthcare system committing
significant resources to implement PEWS within such systems. We recognize that the decision to use PEWS within such a system should be balanced by the
existing resources and capabilities of the institution.
Knowledge Gaps
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•

•

•
•

Additional outcome measures apart from cardiac arrest rate or hospital mortality are required. A major limitation in the evaluation of PEWS is the low rate
of pediatric cardiac arrest and high mortality (especially outside the intensive care unit setting). As such, demonstrating a statistically significant effect
after a new implementation, is difficult. This is apparent in that most studies demonstrated trends of improving cardiac arrest rate or mortality, although
not to statistically significant levels. Use of a more proximate outcome metric, like a critical deterioration event, might further support implementation of
PEWS in the pediatric inpatient setting.
Does PEWS, independent of other interventions, indeed have an impact on outcomes? The other major limitation is the use of before-and-after studies,
with the inherent limitations of unaccounted or confounding variables and the inability to develop a comparable control group. Joffe et al {Joffe 2011 419}
demonstrated the potential for risk of bias or confounding variables by comparing the mortality rate at their institution, which did not initiate or organize
a MET/ RRT, with 5 published studies. The reduction in mortality at their institution over the same time period was similar to the published results,
illustrating the problems of confounding variables and contemporaneous trends. Quality improvement methodology could be used to regulate the impact
of a series of changes that include educational processes, documentation review with feedback systems, and modification of other factors thought to
improve the delivery of care.
A large pediatric, cluster-randomized, multicenter study is currently under way examining the impact of implementing PEWS and pediatric track & trigger
tools (PEWS Utilization & Mortality Avoidance/PUMA). {Thomas-Jones 2018 244}
Future research should focus on prospective evaluation of different PEWS not only for identifying and predicting patients at risk for different forms of
decompensation, including primary respiratory, circulatory, and neurologic etiologies but interrogate the role PEWS can play in preventing clinical
deterioration. Future research should also look at the impact and role of PEWS in resource-limited countries.
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Methodological Preamble
The continuous evidence evaluation process started with a scoping review of vasoactive agent use in pediatric septic shock being conducted by the ILCOR PLS Task Force Scoping
Review team. Evidence from pediatric literature was sought and considered by the PLS Task Force.

Scoping Review
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Not available.

PICOST
The PICOST (Population, Intervention, Comparator, Outcome, Study Designs and Timeframe)

Population: Infants and children in any setting (in-hospital or out-of-hospital) with septic shock
Intervention: Vasoactive agent A

Comparators: Vasoactive agent B
Outcomes: Mortality (survival to hospital discharge, 30 day survival), time to resolution of shock, , adverse events, neurologic outcomes, multi organ dysfunction (for example acute
kidney injury, myocardial and respiratory failure) and organ failure free days/organ failure scores.

Study Designs: Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled before-and-after studies,
cohort studies) are eligible for inclusion. Unpublished studies (e.g., conference abstracts, trial protocols) are excluded.
Case series may be included in the initial search as it is anticipated that there will be insufficient studies from which to draw a conclusion. The minimum number of cases for a case
series to be included is ≥ 5).
Timeframe: All years and all languages were included as long as there was an English abstract; unpublished studies (e.g., conference abstracts, trial protocols) were excluded.
Literature search 1946 to November 15, 2019.

Search Strategies
For details see appendix 1

Inclusion and Exclusion criteria
Inclusion: Only comparative studies of inotrope use for pediatric septic shock were included for analysis.
Exclusion: Premature infants, newly born, animal studies, single vasoactive/inotropic agent descriptive studies, manikin studies, editorials, letters to the editor and adult study.
Studies not relevant to the PICOST.
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Data tables
Table 1: Comparison of Vasoactive agent A vs Vasoactive agent B in pediatric septic shock
Double-blind randomized controlled studies
Author; Year

Design,
country

Population

Intervention/Comparator

Main findings

Ramaswaswamy 2016
e502

Double-blind
randomized
controlled
pilot study
India

Study; N=60
Fluid
refractory (>
40 mls/kg
isotonic
crystalloid)
hypotensive
septic shock in
consecutive
children 3
months to 12
years age.
Pediatric
emergency
and ICU
departments
in a tertiary
care teaching
hospital in
India

Dopamine or epinephrine
given in incremental doses
given as first line vasoactive
therapy until end points of
resolution of shock were
achieved. Primary outcome
were resolution of shock
within first hour of
resuscitation. Secondary
outcomes were organ
function, adverse events and
mortality.
Resolution of shock within
first hour was achieved in
greater proportion of
children receiving
epinephrine (n = 12; 41%)
than dopamine (n = 4; 13%)
(odds ratio, 4.8; 95% CI, 1.317.2; p = 0.019); the trend
persisted even at 6 hours
(48.3% vs 29%; p = 0.184).

Epinephrine is more effective
than dopamine in achieving
resolution of fluid-refractory
hypotensive cold shock
within the first hour of
resuscitation and improving
organ functions.
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Children in epinephrine
group had lower Sequential
Organ Function Assessment
score on day 3 (8 vs 12; p =
0.05) and more organ failurefree days (24 vs 20 d; p =
0.022). No significant
difference in adverse events
(16.1% vs 13.8%; p = 0.80)
and mortality (58.1% vs
48.3%; p = 0.605) was
observed between the two
groups
Ventura 2015
2292

Double-blind
prospective
randomized
controlled
trial
Brazil

Study: N= 120
Fluid
refractory
septic shock (>
40 mls/kg
isotonic
crystalloid) in
children 1
month to 15
years age in a
PICU in a
University
Hospital in
Brazil

The primary outcome was to
compare the effects of
dopamine or epinephrine in
severe sepsis on 28-day
mortality; secondary
outcomes were the rate of
healthcare-associated
infection, the need for other
vasoactive drugs, and the
multiple organ dysfunction
score. Dopamine was
associated with death (odds
ratio, 6.5; 95% CI, 1.1-37.8;
p=0.037) and healthcareassociated infection (odds
ratio, 67.7; 95% CI, 5.0910.8; p=0.001). The use of

Dopamine was associated
with an increased risk of
death and healthcareassociated infection. Early
administration of peripheral
or intraosseous epinephrine
was associated with
increased survival in this
population. Limitations
should be observed while
interpreting these results.
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epinephrine was associated
with a survival odds ratio of
6.49.

Task Force Insights

1. Why this topic was reviewed.
This topic was last reviewed by ILCOR in 2009 (Peds-045A) and 2010 (Peds-045B). Septic shock is a common pediatric disease state seen in Emergency Departments and Critical Care
settings. Attempts have been made to direct vasoactive therapy based upon “cold vs warm” shock appearances. The latest ACCM statement (2016) on Pediatric sepsis shock has
suggested that epinephrine be used for vasoconstrictive shock while norepinephrine be used for vasodilatory shock. High quality supportive data was limited at that time. At least
two pediatric RCTs have been published since that time comparing vasoactive use in septic shock. A systematic review will help make contemporary evidence-based
recommendations.
The focus of this scoping review was looking for comparative studies (agent A vs. agent B). It is very unlikely that there will be studies of a single intervention compared to a placebo.

2. Narrative summary of evidence identified

Despite the librarian search identifying 1620 articles, after review of all the abstracts only two comparative studies were identified that were relevant. The two single center
pediatric RCTs compared the use of the vasoactive agents Dopamine and Epinephrine as first-line vasoactive drugs in pediatric septic shock. These studies are both new since the last
Worksheets in 2009 Peds-045A and 2010 Peds-045B.
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Ramaswamy {Ramaswaswamy 2016 e502} included 60 patients comparing dopamine and epinephrine for pediatric Fluid-refractory (cold) hypotensive shock (> 40 mls/kg of isotonic
crystalloid) in the pediatric emergency department (ED) and pediatric intensive care unit (PICU). Children were excluded from study if there was a history of preexisting heart disease
or rhythm disturbance, were on vasoactive agent infusion at the time of screening, had raised intracranial pressure, had a known immune compromised state, or suffered from
severe acute malnutrition. There was a question as to whether children may have had delayed presentations to the tertiary ED (76-80% of patients were referred from other
hospitals, and only 13-17% of these patients had received any fluid resuscitation prior to tertiary care arrival). Most of the patients had community acquired septic shock (90-97%).
Primary outcome was resolution of shock. Resolution of shock within the first hour was achieved in greater proportion of children receiving epinephrine (n=12;41%) than dopamine
(n=4;13%) (OR, 4.8; 95% CI; 1.3-17.2; p=0.019). Children in the epinephrine group had lower Sequential organ Function Assessment (SOFA) score on day 3 (8 vs 12; p=0.05) and more
organ free failure days (24 vs 20 d; p=0.22). No significant difference in adverse events (16.1% vs 13.8%; p=0.80) and mortality (58.1% vs 48.3%; p=0.605) was observed between the
two groups (note is made that the study was not powered for mortality as a primary outcome).
Ventura {Ventura 2015 2292} included 120 children in a double-blind prospective randomized controlled trial of children with fluid refractory septic shock (not necessarily
hypotensive) after having received > 40 mls/kg of isotonic crystalloid and were randomized to receive either dopamine or epinephrine. Children with congenital heart disease were
excluded. Inotropes were delivered by either peripheral IV or intraosseous line (unclear as to how long via the IO route?). Primary outcome was 28 day mortality and secondary
outcomes included the rate of healthcare-associated infection. The vast majority of the patients (89-94%) had community acquired septic shock. (There was an overall mortality of
14.2% (17/120). Dopamine was associated with increased mortality at 28 days (OR, 6.5; 95% CI, 1.1-37.8, p=0.037) and healthcare-associated infection (OR, 67.7: 95% CI, 5.0-910.8;
p=0.001). The scoping reviewers were concerned that comparative doses of dopamine and epinephrine used in the study were not clinically accurate for clinical dose effects of each
drug at each stage of the study.
Neonatal evidence that was identified included mixed populations of premature and/or newlyborn patients, so the initial intention to include older neonates as part of this analysis
was not undertaken.

3. Narrative Reporting of the task force discussions
We identified many gaps in the literature. These included absence of other vasoactive agents in common use both in practice and in guidelines, most notably Norepinephrine, and
that both studies are single center studies. The two studies both originate from low-middle income health care systems, so it is unclear how relevant the findings are to other
health care systems. Both studies have significant limitations (as outlined above in study summaries). Note is also made that a greater number of patients in both arms of the
Indian study required invasive ventilation and renal replacement therapy, suggesting that the patients in this study were potentially sicker than those in the Brazilian study (ie.
different patient populations were studied). This might be as a result of all of the Indian patients being hypotensive upon study entry (Ramaswamy: mean BPs of both study arms
low 70s; Ventura: mean BPs of both study arms mid-80s). Although a superficial analysis of the papers might lead readers to conclude that epinephrine is the superior inotrope to
use for fluid refractory septic shock, the limitations in study designs and whether it is appropriate to extrapolate the findings to other health care settings leave a significant gap in
our understanding of which vasoactive agent to use.
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The task force felt that the pediatric population and epidemiology of septic shock is so different from that of adults, that papers looking at inotrope use for adult septic shock
should not be included in this scoping review.
This scoping review has not identified sufficient new evidence to prompt a new systematic review or reconsideration of current resuscitation guidelines/treatment
recommendations. The existing recommendation reads “There is insufficient evidence to recommend a specific inotrope or vasopressor to improve mortality in pediatric
distributive shock. Selection of an inotrope or vasopressor to improve hemodynamics should be tailored to each patient’s physiology and adjusted as clinical status changes.”

Knowledge Gaps
Specific research is still required in this area: multicentre, resource-intensive setting, norepinephrine vs. epinephrine (a more relevant comparison in contemporary critical care
practice); pre-designated analysis of patients with hypotension vs. maintained BP.
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Search strategy details
1

"Shock, Septic"/ or septic shock/ or ("septic shock" or "toxic shock" or "endotoxic

99216

shock" or "endo-toxic shock").ti,ab,kf,kw.
2

(exp Sepsis/ or (sepsis or septic or pyemia* or pyaemia* or pyohemia* or septicemia*

19277

or "blood poisoning*").ti,ab,kf,kw.) and ("Hypotension"/ or (hypotension or
hypotensive or ((low or lowered) adj2 "blood pressure") or hypoperfusion or hypotension or hypo-tensive or hypo-perfusion or "cardiovascular
compromise").ti,ab,kf,kw.)
3

1 or 2 [SEPTIC SHOCK]

109982

4

exp Vasoconstrictor Agents/ or vasoconstrictor agent/ or (vasoconstrictor* or

713708

vasoactive or vasopressor* or vaso-constrictor* or vaso-active or vaso-pressor* or
vasoconstrictive or vasoconstricting or vaso-constrictive or vaso-constricting or "blood
vessel constrictor*" or angiotensin or endothelin or norephedrine).ti,ab,kf,kw.
5

exp Vasodilator Agents/ or vasodilator agent/ or (vasodilator* or vaso-dilator* or

1087128

vasorelaxant* or vaso-relaxant* or vasodilatant* or vasodilating or vaso-dilatant* or
vaso-dilating).ti,ab,kf,kw.
6

Dopamine/ or (dopamine or hydroxytyramine or intropin or cardiopal or cardiosteril

342980

or catabon or dopamine or dopaminex or dopamimum or dopastat or dopinga or
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dopmin or dopme or drynalken or dunatra or dynos or giludop or levodopamine or
revivan or tensamin or uramin).ti,ab,kf,kw.
7

exp Epinephrine/ or Norepinephrine/ or (epinephrine or adrenaline or epitrate or

378484

lyophrin or epifrin or norepinephrine or noradrenaline or levarterenol or levophed or
arterenol or levonor).ti,ab,kf,kw.
8

inotropic agent/ or (inotrope* or inotropic).ti,ab,kf,kw.

81804

9

Cardiotonic Agents/ or (cardiotonic or ((cardiac or myocardial or cardioactive or

42111

cardio-active or cardioprotective or cardio-protective or myocardial or myo-cardial)
adj2 (drug or drugs or agent* or medicine* or medication* or stimulant*))).ti,ab,kf,kw.
10

exp Vasopressins/ or vasopressin derivative/ or (vasopressin* or pitressin or beta-

124421

hypophamine or "antidiuretic hormone*" or argipressin* or lypressin or diapid or
postacton or felypressin* or octopressin or phelypressin or PLV-2 or octapressin or
terlipressin* or glycylpressin or TGLVP or terypressin or glipressin or glypressin or
triglycylvasopressin or remestyp or omnipressin* or POR-8 or "argipressionic
acid").ti,ab,kf,kw.
11

or/4-10 [VASOACTIVE AGENTS]

2208597

12

3 and 11 [SEPTIC SHOCK + VASOACTIVE AGENTS]

13

exp Pediatrics/ or exp Infant/ or exp Child/ or Adolescent/

6939002

14

(pediatric* or paediatric* or child or children or childhood or adolescen* or

4834091

21453

preadolescen* or pre-adolescen* or infant or infants or baby or babies or toddler* or

32
Downloaded from www.aappublications.org/news by guest on November 18, 2020

youngster* or teen or teens or teenager* or youth* or juvenile* or preteen* or preteen* or girl or girls or boy or boys or PICU).ti,ab,kf,kw.
15

exp "Infant, Newborn"/ or "Premature Birth"/ or "Term Birth"/ or "Live Birth"/ or

2641338

"Birth Injuries"/ or "Gestational Age"/ or "newborn"/ or "prematurity"/ or exp "birth
weight"/ or "birth injury"/ or (newborn* or "newly born" or neonat* or infant or
infants or preterm or pre-term or premature or "prematurely born" or "postmature"
or "post-mature" or "small for gestational age" or birth or births or birthed or
birthing).ti,ab,kf,kw.
16

or/13-15 [PEDIATRIC]

8988235

17

12 and 16 [PEDIATRIC SEPTIC SHOCK + VASOACTIVE AGENTS]

18

(Animals/ or "Animal Experimentation"/ or "Models, Animal"/ or "Disease Models,

2956
8024793

Animal"/ or Manikin/) not (Humans/ or "Human Experimentation"/)
19

(exp "animal model"/ or exp "animal experiment"/ or "nonhuman"/ or exp

9942246

"vertebrate"/ or "manikin"/ or "patient simulator"/) not (exp "human"/ or exp "human
experiment"/)
20

17 not (18 or 19) [PEDIATRIC SEPTIC SHOCK + VASOACTIVE AGENTS, human]

21

(editorial or comment or letter or "newspaper article" or news or note or lecture or

2833
6346877

"case reports").pt.
22

20 not 21 [PEDIATRIC SEPTIC SHOCK + VASOACTIVE AGENTS, human, substantive]

2580
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23

(conference or "conference abstract" or "conference paper" or "conference review" or 4414043
congresses).pt.

24

22 not 23 [PEDIATRIC SEPTIC SHOCK + VASOACTIVE AGENTS, human, substantive,

2114

conferences removed]

0

EBM Reviews - Cochrane Database of Systematic Reviews <2005 to November 20,

0

2019>

0

EBM Reviews - ACP Journal Club <1991 to October 2019>

0

EBM Reviews - Database of Abstracts of Reviews of Effects <1st Quarter 2016>

134

EBM Reviews - Cochrane Clinical Answers <October 2019>

0

EBM Reviews - Cochrane Central Register of Controlled Trials <October 2019>

0

EBM Reviews - Cochrane Methodology Register <3rd Quarter 2012>

0

EBM Reviews - Health Technology Assessment <4th Quarter 2016>
EBM Reviews - NHS Economic Evaluation Database <1st Quarter 2016>

1394
586

Embase <1974 to 2019 November 22>
Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other NonIndexed Citations and Daily <1946 to November 22, 2019>
25

remove duplicates from 24

1645

EBM Reviews - Cochrane Database of Systematic Reviews <2005 to November 20,

0

2019>

0

EBM Reviews - ACP Journal Club <1991 to October 2019>

0

EBM Reviews - Database of Abstracts of Reviews of Effects <1st Quarter 2016>

0

EBM Reviews - Cochrane Clinical Answers <October 2019>

59
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EBM Reviews - Cochrane Central Register of Controlled Trials <October 2019>

0

EBM Reviews - Cochrane Methodology Register <3rd Quarter 2012>

0

EBM Reviews - Health Technology Assessment <4th Quarter 2016>

0

EBM Reviews - NHS Economic Evaluation Database <1st Quarter 2016>
Embase <1974 to 2019 November 22>

1003
583

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other NonIndexed Citations and Daily <1946 to November 22, 2019>
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Methodological Preamble and Link to Published Scoping Review
The continuous evidence evaluation process started with a scoping review of pediatric life support conducted by the ILCOR PLS Task Force Scoping Review
team.
This scoping review has not yet been published.
Definitions
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Standard care – Intravenous administration of warmed isotonic crystalloid solution as an initial 20 mL/kg bolus, followed by one or two additional 20 mL/kg
isotonic crystalloid boluses pending the child’s physiologic response. If the child demonstrates evidence of ongoing bleeding after the second or third
crystalloid bolus, 10 mL/kg of packed red blood cells may be given.
Graded resuscitation – This term is not currently used in trauma literature. We assessed permissive hypotension/ hypotensive resuscitation; to titrate and
control the blood pressure to less than normal range or controlled resuscitation/restrictive resuscitation; to limit the volume of fluid to be administered or
late resuscitation; to restrict the fluid resuscitation until admission to the hospital (early resuscitation is opposite term that means to initiate fluid
resuscitation from pre-hospital setting). Damage control resuscitation was not assessed as it typically combines restrictive use of crystalloid fluids and early
administration of balanced ratios of packed red blood cells, fresh frozen plasma, and platelets, typically as part of a pediatric mass transfusion protocol,
usually associated with pharmacologic adjuncts to safely promote hemostasis (rVIIa or TXA) {Henry 2018 376p}

Scoping Review
This scoping review has not yet been published.

PICOST
PICOST (Population, Intervention, Comparator, Outcome, Study Designs and Timeframe)

Population: Infants and Children who are in hemorrhagic shock following trauma in any setting
Intervention: Graded volume resuscitation, (now restrictive volume resuscitation)
Comparators: Standard care.
Outcomes: Any clinical outcome.
Study Designs: Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled before-and-after
studies, cohort studies) are eligible for inclusion.
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Timeframe: All languages were included as long as there was an English abstract; unpublished studies (e.g., conference abstracts, trial protocols) were excluded. Literature
search from March 2009 (last review done) updated to November 1, 2019.

Search Strategies

2010 search strategy updated, up to November 1, 2019:
Initial search for: "hemorrhagic shock" AND "trauma” AND (infant" OR "children") AND ("resuscitation” OR “ volume resuscitation”) AND ("outcome" OR "ROSC" OR
"survival")
Initial search” shock”, “ hemorrhagic” and “wounds and injuries”. Other search “fluid therapy”/ “hypotension”/ “mortality”/ “therapy” and “shock”/ “therapy” and
“shock” and “traumatic”/”therapy”
Search in: PubMed, EMBASE, AHA EndNote library, Trypdatabase, Cochrane Library
PUBMED:
Shock hemorrhagic and wounds and injuries: 1913 articles
Shock and fluid therapy and hypotension and mortality: 112 articles
Shock/*therapy and shock, traumatic/*therapy: 1556 articles
Fluid therapy and hypotension/mortality/*therapy: 9 articles
Hemorrhagic shock and trauma: 2766
Cochrane: 3 articles
EMBASE:
( 'fluid'/exp OR 'fluid') AND hemorrhage AND ('shock'/exp OR 'shock') AND [1990-2009]/py: 2668 articles
('shock'/exp OR 'shock') AND hemorrhage AND wounds AND injury AND [1990-2009]/py: 141 articles
('shock'/exp OR 'shock') AND hemorrhage AND injury AND [1990-2009]/py: 5042articles
('shock'/exp OR 'shock') AND trauma AND ('therapy'/exp OR 'therapy') AND [1990-2009]/py: 13047 articles
AHA EndNote library: No additional articles. Searched on hemorrhagic shock, fluid therapy, trauma, children
Trypdatabase: No additional articles. Searched on hemorrhagic shock, fluid therapy, traumatic shock

Inclusion and Exclusion criteria
Inclusion: Studies addressing hemorrhagic shock following trauma treated with volume and including time to fluid resuscitation
Exclusion criteria:
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•
•
•
•
•

Hypovolemic non hemorrhagic shock
Septic shock
Cardiogenic shock
Other treatments (hypothermia, norepinephrine, vasopressin, hemoglobin-based carrier)
Adults/animals, simulation and mannikin studies.

Adult studies are referenced in background and Task Force insights.
References found for full article review: 14
Included pediatric studies: 6
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Data tables
Table 1 Pediatric Resuscitation for Traumatic Shock

Table 1 Pediatric Resuscitation for Traumatic Shock
Author,
Design, Country
Population
year
{Hussmann
Germany,
31 patients for high
2012 R201}
retrospective analysis volume paired with
of trauma database
31 with low volume
matched pair

{Acker 2014
1852}

USA, Colorado,
retrospective review
of two trauma
databases

384 children, 4-16
years

Intervention/Comparator

Main findings

Group 1: 1 to 4 years old (small child); Group 2:
5 to 10 years old (school child); and Group 3: 11
to 15 years old (adolescence).
According to the prehospital administered fluid
volume the patients were divided into a lowvolume group and a high-volume group on the
basis of the amount of the prehospital
administered volume Group 1: low volume 0 to
500 ml, high volume >500 ml; Group 2: low
volume 0 to 1,000 ml, high volume >1,000 ml;
and Group 3: low volume 0 to 1,500 ml, high
volume >1,500 ml
Volume administered in 24hs; 0-40ml/kg n=114,
40-60 ml/kg n=106 or >60 ml/kg n=164.

No differences found on Survival
24hs, or Survival to hospital
discharge

Notes

In hospital mortality rates were
associated with volume of
crystalloid resuscitation with
mortality rates highest among the
high volume group (6.7 vs 0.9% in
both low and middle volume
group, p<0.0005).
On multivariate analysis LOS in
patients in either of the two high
volume resuscitation groups was
increased by a factor of 1.34
compared to those in the low
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{Edwards 2015
330}

Afghanistan and Iraq,
retrospective review
of Department of
Defense Trauma
Registry from 2002 to
2012

1,311 injured
children 14 years or
younger who were
admitted to US
Military hospitals in
Afghanistan and Iraq
and required
transfusion.

{Coons 2018
2202}

USA, retrospective
chart review of single
center level 1 trauma
center in in New York

468 pediatric trauma
patients 0–18 years
old admitted to a

volume group (p < 0.01). On
multivariate analysis, the
increased odds of requiring
mechanical ventilation were
shown between those in the low
volume group and the middle
volume group (p<0.05), however,
this difference was not statistically
significant between the low and
high volume group (p = 0.08).
No differences on ARF, ARDS, ACS,
MOF, UTI or blood stream
infection.
907 patients met criteria for analysis.
Increased crystalloid
224 children received high-volume transfusions
administration was independently
(>40ml/kg) of either whole blood or PRBCs in the associated with increased ICU
first 24 hours of admission. Seventy-seven of
days, ventilator days, and hospital
those patients received massive Transfusions
stay in children requiring large
(>70ml/kg).
volume transfusions.
Those patients receiving more
than 150 mL/kg crystalloid had an
18% mortality versus 10% for
those receiving 150 mL/kg or less
(p = 0.011).
200 patients met criteria. Four patient cohorts
were established based on volume of fluid
administered: <20 ml/kg/day n=45, 20–40
ml/kg/day n=56, 40–60 ml/kg/day n=60, and >60
ml/kg/day n=39.

No change in survival. ICU length
of stay and overall length of stay
were increased in patients who
received more than 60 ml/kg/day
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(Zhu 2019
epub}

China, retrospective
review of singlecenter children’s
hospital.

{Elkbuli 2019
S0022}

USA, retrospective
review utilizing level I
trauma center registry
for pediatric patients
in Miami, Florida

level 1 trauma center
from January 2013 to
December 2015
291 patients with
blunt trauma from
January 2007 to Apr
2018

320 patients aged
<16 y admitted from
2014 to 2017

in the first 24 h of their
hospitalization
Patients were dichotomized into low and high
groups depending on the average dose of
crystalloid fluid administration with a cut-off
point during the first 24 or 48 h. propensity
matching was performed using a 1:1 ratio
nearest neighbor algorithm to minimize the
effect of potential confounders in baseline
characteristics, with two groups; <80.15 (mL/kg)
(n=132) and > 80.15 (mL/kg) n=132.
2 groups; <60 mL/kg/24 h n=219; and ≥60
mL/kg/24 h n= 101

Patients who received larger doses
of crystalloids were more likely
than the low-volume group to be
associated with severe anemia
(p = 0.033), RBC transfusion
(p = 0.016) and longer hospital
length of stay (p = 0.008). No
difference on mortality.
No significant difference in 30-day
readmission rate, complications,
or mortality. Large-volume
crystalloid resuscitation was
associated with longer mean ICU
LOS (1.5 d versus 0.8 d, P=0.004).
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Task Force Insights
1. Why this topic was reviewed.
This topic was re-evaluated by the PLS taskforce because it had not been reviewed by ILCOR since 2010.
2. Narrative summary of evidence identified
We identified 6 pediatric studies {Hussmann 2012 R201; Acker 2014 1852; Edwards 2015 330; Coons 2018 2202; Zhu H 2019 epub; Elkbuli 2019 S0022}. All studies are retrospective
reviews of trauma registries. One from a national registry {Hussmann 2012 R201}, one from a military database {Edwards 2015 330}, one from a two center registry {Acker 2014
1852} and the other three form single-center registries {Coons 2018 2202; Zhu H 2019 epub; Elkbuli 2019 S0022}. Only one study assessed volume given before hospital arrival
{Hussmann 2012 R201}, four studies compare total crystalloid volume in 24h {Acker 2014 1852; Coons 2018 2202; Zhu 2019 epub, Elkbuli 2019 S0022} and one study assessed
crystalloid given in patients needing transfusions {Edwards 2015 330}. Only one study reported the critical outcome of survival to 24hs {Hussmann 2012 R201}, with no difference
found. None reported survival at 30 days with good neurological outcome. On the critical outcomes of survival to discharge four studies reported no difference {Hussmann 2012
R201; Coons 2018 2202; Zhu 2019 epub; Elkbuli 2019 S0022}. One study reported lower survival to hospital discharge with the high crystalloid group (>60ml/kg/24) vs. low and
moderate 0-40 ml or 40-60 ml/kg/24h) {Acker 2014 1852} and one reported lower survival in patients receiving more massive transfusion and more than 150 mL/kg/24h versus
those receiving 150 mL/kg or less {Edwards 2015 330}. Five studies reported increased hospital or ICU length of stay in patients that received higher crystalloid volume in the first
24h {Acker 2014 1852; Edwards 2015 330; Coons 2018 2202; Zhu 2019 epub; Elkbuli 2019 S0022}. As all studies are retrospective, and report different interventions, patient
populations and outcomes, it is difficult to compare results, though data suggests a possible advantage of lower volume resuscitation.

3. Narrative Reporting of the task force discussions
The taskforce discussed the term “graded resuscitation” which was used in the 2010 evidence review but is not frequently found in trauma publications of the last
decade. There was discussion around the definition of hypotensive resuscitation in children (which is not clear) and of other different concepts on trauma
resuscitation such as restrictive resuscitation or delayed versus early resuscitation.
Adult data favours restrictive resuscitation and the recommendation is firmly moving towards damage control resuscitation. National Institute for Health and Care
Excellence (NICE) trauma guidelines {Kanani 2017 20} and American College of Surgeons Advanced Trauma Life Support guidelines {Henry 2018 376p} both suggest
restrictive resuscitation and early use of blood components. The taskforce discussed if it should be the mandate of ILCOR to deliberate on trauma resuscitation. As
trauma is a major cause of pediatric mortality and there is still clear lack of evidence guiding best practices, the majority of task force members felt this was an
important issue that should be addressed by ILCOR, specially relating to cardiopulmonary resuscitation. The taskforce acknowledges most severe child trauma
happens in low income countries, with poorer access to blood components and surgical facilities. In that sense, having a clear guideline on resuscitation for trauma
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can be life-saving. In many situations the mechanism of severe pediatric trauma includes traumatic brain injury, in which restrictive resuscitation might be
deleterious. This results in a relative low number of severe pediatric traumas for which restrictive resuscitation would be indicated. There is a clear need for
randomized trials on the subject or, in the absence of that, large trauma registries.
This scoping review has not identified sufficient new evidence to prompt a new systematic review or reconsideration of current resuscitation guidelines/treatment
recommendations.
Knowledge Gaps
No RCTs compared intervention with standard care in any patient population
There were few observational retrospective studies identified that evaluated this question in the pediatric population, and there were large methodological
differences between studies.
Future studies should document survival/neurologically intact survival to hospital discharge/30days.
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B-5 Energy doses for defibrillation (PLS 405: ScopRev)
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Methodological Preamble and Link to Published Scoping Review

The continuous evidence evaluation process started with a scoping review of ENERGY DOSE FOR PEDIATRIC SHOCKABLE RHYTHMS, conducted by the ILCOR PLS Task
Force Scoping Review team. Evidence for pediatric literature was sought and considered by the Pediatric Task Force.

Scoping Review
No published review at this time

PICOST
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Population: infants and children who are in VF or pVT in any setting
Intervention: a specific energy dose or regimen of energy doses for the initial or subsequent defibrillation attempt(s)
Comparators: 2 to 4 J/kg
Outcomes: harm to patient, ROSC, hospital discharge, long term survival, survival with good neurological outcome
Study Designs:
Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled before-and-after studies,
cohort studies) that concern directly the population and intervention described above are eligible for inclusion. If it is anticipated that there will be insufficient studies
from which to draw a conclusion, case series may be included in the initial search. The minimum number of cases for a case series to be included can be set by the
ESR after discussion with the priority team or taskforce. Unpublished studies (e.g., conference abstracts, trial protocols) are excluded.
Timeframe: All literature from 2014 and all languages are included, as long as there is an English abstract
Active and Reposed PICOs Related to scope of work for this PICOST:
Peds 405 Energy doses for defibrillation (2015)
2015 Consensus on Science:
For the critical outcome of survival to hospital discharge, we identified very-low-quality evidence from
3 pediatric observational studies of IHCA and OHCA (downgraded for indirectness, imprecision, and
serious risk of bias){Berg 2005 63; Rossano 2006 80; Rodriguez-Nunez 2014 387} of 108 subjects
showing no advantage to 2 to 4 J/kg as an initial defibrillation dose over any other specific energy
dose (possible absolute effect size range, 18.5%–6.5%).
For the important outcome of termination of VF/ pVT, we identified very-low-quality evidence from 2
pediatric observational studies of IHCA{Gutgesell 1976 898} and OHCA.{Berg 2005 63} Conversion
from VF was demonstrated in both studies with either 2 J/kg{Gutgesell 1976 898} or 2 to 4 J/kg.{Berg
2005 63}
For the important outcome of ROSC, we identified very-low-quality evidence from 1 pediatric
observational study of IHCA (downgraded for indirectness, imprecision, and serious risk of
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bias){Rodriguez-Nunez 2014 387-391} of 40 subjects, showing no benefit to a specific energy dose for
initial defibrillation (P=0.11).
In addition, we identified very-low-quality evidence from 1 pediatric observational study of IHCA
(downgraded for imprecision and serious risk of bias){Meaney 2011 e16} of 285 subjects showing that
an initial shock of greater than 3 to 5 J/kg is less effective than 1 to 3 J/kg (OR, 0.42; 95% CI, 0.18–
0.98; P=0.04).
We did not identify any evidence to address the critical outcome of survival at 1 year or the important
outcome of harm to patient.
2015 Treatment Recommendation:
We suggest the routine use of an initial dose of 2 to 4 J/kg of monophasic or biphasic defibrillation
waveforms for infants or children in VF or pVT cardiac arrest (weak recommendation, very-low-quality
evidence).
There is insufficient evidence from which to base a recommendation for second and subsequent
defibrillation dosages.

Search Strategies
PUBMED (last searched: 10/30/2019)
(ventricular fibrillation[MeSH Terms]) OR electric defibrillation[MeSH Terms]) AND ("last 5 years"[PDat] AND Humans[Mesh] AND (infant[MeSH] OR child[MeSH] OR
adolescent[MeSH])
References found: 226
Accepted: 8 for full text review. One of them (pediatric systematic review) addresses the question directly and was included in analyses. The others were included in
background and narrative sections.
EMBASE (last searched: 10/30/2019)
(defibrillator:ab,ti OR 'heart fibrillation':ab,ti OR defibrillation:ab,ti) AND [2014-2019]/py AND ([infant]/lim OR [child]/lim OR [preschool]/lim OR [school]/lim OR
[adolescent]/lim)
References found: 798
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Accepted: no new references
COCHRANE (last searched: 10/30/2019)
Cochrane Reviews matching "defibrillation" in Title Abstract Keyword OR "ventricular fibrillation" in Title Abstract Keyword - (Word variations have been searched)
References found: 15
Accepted: none

Inclusion and Exclusion criteria

Inclusion criteria:
Age< 18 years
Meet methodological inclusion criteria above.
Exclusion includes:
1/ Newborn at Delivery
2/ articles before 2014
3/animal studies
4/ Unpublished studies (e.g., conference abstracts, trial protocols)
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Data table
One Pediatric Study was identified = Systematic Review on energy dose:
Defibrillation energy dose during pediatric cardiac arrest: systematic review of human and animal model studies. (Mercier 2019, 241}
This review included 20 pediatric studies (human=10 and animal = 10) published from 1976 to 2014. The data on table is related only to human studies.
Table 1 Pediatric study ENERGY DOSE FOR SHOCKABLE RHYTHMS
Author,
Design, Country
Population Intervention
year
/Comparator
Mercier
Systematic Review
10 human
Different
2019, 241
Eligibility criteria:
studies on
defibrillation
Cohort or RCT; 30days to 18
pediatric
energy
years old patients; OHCA and cardiac
doses:(monophasic
IHCA; non trauma patients.
arrest.
and biphasic)
Prospective and
retrospective.
The objectives were to
determine the initial
defibrillation energy dose for
VF or pVT that is associated
to sustained ROSC (main),
any ROSC, survival, survival
with favorable neurological
outcomes, total energy dose,
myocardial functional and
defibrillation-induced
complications

Main findings
Were included 6 prospective and 4 retrospective observational studies.
Median number of patients included in each study was 46 (11 to 266).
IHCA was reported in 7, OHCA in 2 and both in 1 study.
Monophasic waveform was performed in 5, biphasic in 2 and one or another in 2 studies.
Four studies reported how the weight was obtained (retrieved from hospital record, autopsy or
used the percentile of growth chart.
There were substantial variations in initial defibrillation doses (0.1J/Kg to 14.3J/Kg) among studies.
There was not a statistically significant association between the initial defibrillation dose and the
rate of sustained ROSC (n=7) or survival (n=6).
One study reported lower chance of sustained ROSC with 3-5J/kg as the initial defibrillation dose in
a subgroup analysis OR: 0.40 (95%CI: 0.21-0.81) compared to higher and lower doses. Other studies
showed no difference between successful energy dose.
One study reported that a second shock was more likely with the first dose <2J/kg and other that
the use of lower dose was associated with unsuccess.
Smaller body weight seemed to be associated with a higher defibrillation threshold in two studies.
No association was found between initial or cumulative energy and survival to hospital discharge.
No association was reported between energy dosing and long-term survival or survival with good
neurological outcome.
One study showed that the number of shocks was inversely associated to long term survival.
A second shock of >2 J/kg was less successful than 2J/kg in one study.
Two studies that reported outcomes with monophasic and biphasic waveform found no difference.
There was no association between energy dosing and complications related do defibrillation in one
human study that looked to that.
Meta-analysis was not possible due to clinical heterogeneity (population included, resuscitation
protocols, defibrillator used, type of waveform).
Risk of bias was moderate: VF/pVT as initial or subsequent rhythm, delay to start CPR and
defibrillation, CA witnessed or not.
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Task Force Insights
1. Why this topic was reviewed.
In 2015 guidelines ILCOR recommended 2 to 4 joules/ kg, as the first shock, to treat shockable rhythms in pediatric cardiac arrest. Resuscitation councils’
orientations differ from one another. ERC recommends 4J/kg as the initial dose without escalation for subsequent shocks. AHA recommends 2-4 J/Kg, increasing to ≥
4 J/Kg with subsequent shocks up to adult dose. In fact, the optimal energy dose for successful defibrillation in children is not known. Researchers are increasingly
suggesting that 2J/kg maybe an ineffective initial defibrillation dose, however without a definitive study there has been hesitancy to modify this initial dose. {Egan
2013 134}
2. Narrative summary of evidence identified
Only one study was identified by the review: a systematic review of previously published studies {Mercier 2019 241}. This review included 10 human and 10 animal
studies, all published before 2014 The review addresses the association of the initial defibrillation energy dose for VF or pVT with differing outcomes: any ROSC,
sustained ROSC, survival, survival with favorable neurological outcomes, cumulative energy delivered, myocardial function and defibrillation-induced complications;
escalating or fixed energy dose regimens were also analyzed. Human and pediatric animal studies were included.
The main findings were:
•
•
•
•
•
•
•

There was not a statistically significant association between the initial defibrillation dose and sustained ROSC (n=7 studies) or survival (n=6 studies).
One study reported lower chance of sustained ROSC with 3-5J/kg as the initial defibrillation dose in a subgroup analysis OR: 0.40 (95%CI: 0.21-0.81) compared to higher and
lower doses. One study reported that a second shock was more likely with the first dose <2J/kg and other that the use of lower dose was associated with no ROSC.
No association was found between initial or cumulative energy and survival to hospital discharge.
No association was reported between energy dosing and long-term survival or survival with good neurological outcome.
One study showed that the number of shocks was inversely associated to long term survival.
A second shock of >2 J/kg was less successful than 2J/kg in one study.
There was no association between energy dosing and complications related to defibrillation in one human study that looked to that.

3. Narrative Reporting of the task force discussions
The energy dose for defibrillation in pediatric advanced life support is a topic that has been discussed by ILCOR in 2010 and 2015. This scoping review has not
identified sufficient new evidence to prompt either a new systematic review or reconsideration of current resuscitation guidelines/treatment recommendations.
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Pulseless shockable rhythms are more common in adults than in children and vary according to the age. Pediatric OHCA studies have shockable rhythms in less
than 10% { Li 2010 310; Fukuda 2017 111; Matsui 2019 150}. VF or pVT as the initial rhythm in pediatric IHCA is observed in 5-24% of pediatric cardiac arrests
{Nadkarni 2006 50}. The low frequency of these rhythms contributes to the lack of information on pediatric defibrillation.
A successful defibrillation demands good performance and knowledge of particular steps. Pediatric prehospital EMS is sometimes not adequately prepared for
pediatric defibrillation {Kaku 2016, 356}. Health professionals’ defibrillation skills were found to be poor in a tertiary care children’s hospital and factors related to
human and machine function were associated with delays in defibrillation {Bhalala 2018 107}.
The pediatric data have some biases that interfere on the analyses of the effect of energy dosing on CPR outcomes. Many variables such as defibrillation waveform
(monophasic vs biphasic) cardiac arrest setting (OHCA or IHCA), difficulty in estimating child weight in emergency situations, level of professional training and skills
and timing for defibrillation are important points to take in consideration on the analysis of the studies.

Knowledge Gaps
Knowledge Gaps Template for Task Force chairs
• It is very important to have more data especially RCT trials. However, it is important to note that RCTs are very difficult because of low incidence of shockable
rhythms in pediatric cardiac arrest.

References
1. Bhalala, U. S., Balakumar, N., Zamora, M., &Appachi, E. (2018). Hands-On Defibrillation Skills of Pediatric Acute Care Providers During a Simulated
Ventricular Fibrillation Cardiac Arrest Scenario. Frontiers in Pediatrics, 6. doi:10.3389/fped.2018.00107
2. Chan PS, Krumholz HM, Nichol G, Nallamothu BK; American Heart Association National Registry of Cardiopulmonary Resuscitation Investigators. Delayed
time to defibrillation after in-hospital cardiac arrest. N Engl J Med. 2008;358(1):9-17.
3. Egan, J., Atkins, L. Defibrillation in children: why a range in energy dosing? CurrPediatr Rev. 2013;9(2):134-8.

53
Downloaded from www.aappublications.org/news by guest on November 18, 2020

4. Fukuda, T., Ohashi-Fukuda, N., Kobayashi, H., Gunshin, M., Sera, T., Kondo, Y., & Yahagi, N. (2017). Public access defibrillation and outcomes after pediatric
out-of-hospital cardiac arrest. Resuscitation, 111, 1–7. doi:10.1016/j.resuscitation.2016.11.010
5. Kaku, N., Nitta, M., Muguruma, T., Tsukahara, K., Knaup, E., Nosaka, N., &Enomoto, Y. (2016). Targeted age, device deployment, and problems associated
with pediatric defibrillation in pediatric prehospital emergency medical care settings in Japan. Acute Medicine & Surgery, 3(4), 356–
359. doi:10.1002/ams2.194
6. Li CJ, Kung CT, Liu BM, et al. Factors associated with sustained return of spontaneous circulation in children after out-of-hospital cardiac arrest of
noncardiac origin. Am J Emerg Med 2010;28:310–7.
7. Matsui, S., Kitamura, T., Sado, J., Kiyohara, K., Kobayashi, D., Kiguchi, T., … Sobue, T. (2019). Location of arrest and survival from out-of-hospital cardiac
arrest among children in the public-access defibrillation era in Japan. Resuscitation. doi:10.1016/j.resuscitation.2019.04.045
8. Mercier, E., Laroche, E., Beck, B., Le Sage, N., Cameron, P. A., Émond, M., … Ouellet-Pelletier, J. (2019). Defibrillation energy dose during pediatric cardiac
arrest: systematic review of human and animal model studies. Resuscitation. doi:10.1016/j.resuscitation.2019.04.028
9. Mitani, Y., Ohta, K., Yodoya, N., Otsuki, S., Ohashi, H., Sawada, H., … Komada, Y. (2013). Public access defibrillation improved the outcome after out-ofhospital cardiac arrest in school-age children: a nationwide, population-based, Utstein registry study in Japan. EP Europace, 15(9), 1259–
1266. doi:10.1093/europace/eut053
10. Nadkarni VM, Larkin GL, Peberdy MA, et al. First documented rhythm and clinical outcome from in-hospital cardiac arrest among children and adults.
JAMA 2006;295:50–7.
11. Topjian, A. (2018). Shorter Time to Defibrillation in Pediatric CPR. JAMA Network Open, 1(5), e182653. doi:10.1001/jamanetworkopen.2018.2653
12. Valenzuela TD, Roe DJ, Cretin S, Spaite DW, Larsen MP. Estimating effectiveness of cardiac arrest interventions: a logistic regression survival model.
Circulation. 1997;96(10):3308-3313.

54
Downloaded from www.aappublications.org/news by guest on November 18, 2020

B-6 Oxygen concentration during cardiac arrest (PLS 396: ScopRev)
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Methodological Preamble

The continuous evidence evaluation process started with a scoping review of basic life support conducted by the ILCOR PLS Task Force Scoping Review
team. Evidence for pediatric literature was sought and considered by the Pediatric Task Force group.

Scoping Review
Pending
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PICOST
PICOST
Population

Description (with recommended text)

Intervention
Comparison
Outcomes
Study Design

does an FiO2 titrated to oxygenation during cardiac arrest (I),
compared with the use of 100% oxygen (C),

Among infants and children who are in cardiac arrest in any setting (P)?

Any clinical outcome.
Randomized controlled trials (RCTs) and non-randomized studies (non-randomized
controlled trials, interrupted time series, controlled before-and-after studies, cohort
studies) are eligible for inclusion.
If it is anticipated that there will be insufficient studies from which to draw a conclusion,
case series may be included in the initial search.

Timeframe

New Scoping or Systematic Review search strategy: All years and all languages are
included as long as there is an English abstract
Re-running existing search strategy: Since date of last search, or is not known, since 1st
Jan 2009 (for 2010 PICO), and 1st January 2014 (for 2015 PICO).

Search Strategies

Articles for review are obtained by searching PubMed, EMBASE, Cochrane, and Allied Health Literature (CINAHL), for all entries from database inception to October 2019 (last
searched on October 31, 2019).
Articles are using key terms “Oxygen”, “Pediatrics”, “Children”, “Infants”, “Oxygen”, “Cardiac arrest”, “Resuscitation”, and “Chest compression”; including their MESH terms, and
Embase exploded terms. The actual search strategies used are listed in Appendix A at the end of this document.

Inclusion and Exclusion criteria
Inclusion criteria:
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Meet the requirements of the PICOST above. If no human studies identified, animal studies will be included.
Exclusion criteria:
1. Case series/reports with <5 patients
2. Populations who were not in cardiac arrest (pre- and post- arrest).
3. Studies on titration of oxygen pre-arrest (critically ill) or post-ROSC
4. Newborn at delivery
5. Studies evaluating pre-arrest epidemiological variables and other intra-cardiac arrest interventions other than a) provision of oxygen at other concentrations and at 100% or b)
titration with blood oxygen measurements
5. Continuous oxygen insufflation, sustained insufflation only studies were not included if 100% oxygen was uniformly provided.
6. Any non-paediatric studies
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Data tables
As there were no human studies identified in the search, animal studies were reviewed and tabled for indirect evidence.
Study
Population
Intervention(s)
Immature (Pediatric) Animal Models
{Walson KH
Postnatal
2 Interventions:
2011 335day 16-18
1- 100% oxygen
43}
rats (n = 15;
5 per group). 2- 100% oxygen
+ IV polynitroxyl
albumin (antioxidant)

Control

Outcomes

Setting

Type

Comments

Room air

Conclusions: Resuscitation with 100% oxygen
leads to increased oxidative stress but this can be
prevented by using 1) room air or 2) giving an
antioxidant after ROSC with 100% oxygen
resuscitation.
Remarks:
The provision of 100% oxygen extended beyond
ROSC for 1 hour as per protocol.

- Room
air (21%
oxygen)

Experimental, pediatric
model
- Rats underwent
asphyxial cardiac arrest
for 9 min.
Rats were randomized
to receive 100%
oxygen, room air, or
100% oxygen with
polynitroxyl albumin
intravenously, 0 and 30
min after resuscitation)
for 1 hr from the start
of cardiopulmonary
resuscitation.
Shams recovered in
100% oxygen or room
air after surgery.
Experimental, pediatric
model
- Subjects underwent
asphyxial cardiac arrest
for 9 min and
randomized to 100% vs
21% during CPR and 10
minutes post-ROSC.
Subsequently all
animals were given 21%
oxygen.

RCT, nonblinded

{Marquez
AM 2018
138:A278}
(conference
abstract,
pending
publication
review)

- No differences in survival rates
- BP 1-hour post arrest: Room air vs
100% oxygen- 35 +/- 4 vs. 45 +/- 5
mm Hg; p<0.05
PaO2 (ABG) 1-hour post arrest: Room
air vs 100% oxygen - 59 +/- 3 vs. 465
+/- 46 mm Hg; p<0.05
- pH (ABG) 1-hour post arrest: Room
air vs 100% oxygen- 7.36 +/- 0.05 vs.
7.42 +/-0.03, p<0.05
- Oxidative stress: brain
immunohistochemistry
- evidence of increased oxidative
stress in group resuscitated with 100%
compared the other 2 groups
- group resuscitated with 100% oxygen
+ anti-oxidant had similar results with
group resuscitated with room air
No difference between groups in
survival (8/10 vs 8/10, p=1.0).
No difference between groups in
- systemic, coronary, or pulmonary
hemodynamics
- cerebral blood flow at baseline,
during asphyxia, during CPR, or postROSC.
- PbtO2 was higher with 100% than
21% during CPR (point estimate
+54.9±26.7, p=0.04) and during the
first 10 minutes post-ROSC (point
estimate +505±41.4, p<0.001). No

RCT,
blinded

Conclusions: Provision of 100% FiO2, compared
to room air (21% FiO2) during CPR confers no
difference in survival and is associated with
cerebral hyperoxia and increased mtROS
generation

4-week-old
female
piglets with
7 minutes of
asphyxia
(n=25)
- 100%
oxygen
(n=10)
- 21%
oxygen
(n=10)
- Sham (n=5)

- 100% oxygen
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differences in maximal oxidative
phosphorylation in either cerebral
cortex or hippocampus between
groups. In cortex, mtROS was higher
with 100% compared to 21% during
maximal oxidative phosphorylation
(0.283 [0.275,0.290] vs 0.224
[0.205,0.239] H2O2 pmol/(s*ml),
p<0.03).
Neonatal Animal Models
{GarciaSystematic
Hidalgo C
review of
human and
2018 400}
animal
neonatal
studies
- the studies
included
post-delivery
animal
studies 12H
to 72H of life

Mature Animal Models
{Vereczki V
Mature
2006 821beagles
(n= 12, 6 per
35}
group)

100% oxygen

- 100% oxygen

Any other
concentra
tion

- 21%
oxygen

- No human newborn studies
identified
- 8 animal studies (n = 323 animals)
comparing various oxygen
concentrations during chest
compression were identified.
- Pooled analysis showed no
difference in mortality rates for
animals resuscitated with air vs. 100%
oxygen (risk ratio 1.04 [0.35, 3.08], I2
= 0%, p = 0.94).
- ROSC was also similar between
groups with a mean difference of -3.8
[-29.7-22] s, I2 = 0%, p = 0.77.
- No difference in oxygen damage or
adverse events were identified
between groups.

-

- No differences in survival
- Systemic arterial pressure for the
hyperoxic groups was significantly
greater than that of the normoxic
animals (141±9 versus 105±2 mm Hg;
P < 0.01)
- pO2 for hyperoxic animals was
significantly greater than that of the

Experimental, mature
animal model

Systemati
c review
and metaanalysis of
neonatala
nimal
studies

Conclusion: Air had similar time to ROSC and
mortality as 100% oxygen during neonatal chest
compression. A large randomized controlled
clinical trial comparing air vs. 100% oxygen during
neonatal chest compression is warranted

RCT, nonblinded

Conclusions: Post-ischemic hyperoxic ventilation
promotes oxidative stress that exacerbates
prelethal loss of pyruvate dehydrogenase and
delayed hippocampal neuronal cell death. Need
for clinical trials comparing the effects of
different ventilatory oxygen levels on neurologic
outcome after cardiac arrest.

Remarks:
- heterogeneity of studies noted (including chest
compression strategies, timing of provision of
positive pressure ventilation and ventilation
strategies; not just oxygen concentrations)
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{Zwemer CF
1994 15970}

Mature dogs
(n=27)

- 100% oxygen
(n=9)
- pretreatment
with anti-oxidant
+ 100% oxygen
(n=8)

- 21%
oxygen
(n=10)

normoxic animals at 30 mins (384±68
s.e. versus 76±2 mm Hg; P = 0.001)
- Increased oxidative stress in
hyperoxic group
- Stereological quantification of
neuronal death at 24 h reperfusion
showed a 40% reduction using
normoxic compared with hyperoxic
resuscitation.
- No differences in survival between
groups
- Hyperoxically resuscitated dogs
sustained significantly worse
neurological deficit at 12 and 24 h
(mean scores: 39 +/- 3 and 49 +/- 8,
respectively) than did antioxidant
pretreated resuscitated dogs (mean
scores: 22 +/- 1, P = 0.0007 and 22 +/1, P = 0.004, respectively) and
normoxically resuscitated dogs (mean
scores: 28 +/- 4, P = 0.025 and 33 +/8, P = 0.041 respectively).

Remarks:
- 100% oxygen was also given post ROSC (1 hour).

Experimental, mature
animal model

RCT, nonblinded

Conclusion: Oxidative injury may have a major
role in central nervous system dysfunction
following successful resuscitation from 9 min of
cardiac arrest.
Resuscitation from cardiac arrest with hyperoxic
FIO2's may contribute to and further exacerbate
neurologic dysfunction.
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Task Force Insights

1. Why this topic was reviewed.

This topic was reviewed because it had not been reviewed by ILCOR since 2005.
Current Treatment Recommendations:
There is insufficient information to recommend for or against the use of any specific inspired oxygen concentration during and immediately after resuscitation from cardiac arrest. Until
additional evidence is published, we support healthcare providers’ use of 100% oxygen during resuscitation (when available). Once circulation is restored, providers should monitor oxygen
saturation and reduce the inspired oxygen concentration while ensuring adequate oxygen delivery.
2. Narrative summary of evidence identified
The task force identified no human studies that addressed this question. This scoping review has not identified sufficient evidence to prompt either a new systematic review or
reconsideration of current resuscitation guidelines/treatment recommendations.
Animal studies
Included in the review were the following experimental studies:
There were two immature (pediatric) animal models {Walson 2011 335; Marquez 2018 138 } which were included in the review.
There was a systematic review and meta-analysis of neonatal animal studies {Garcia-Hidalgo 2018 400} and three neonatal animal studies reviewed {Dannevig 2013 163; Linner 2009 391;
Solevåg 2016 7}. The three post-delivery neonatal animal studies were reviewed in the meta-analysis. Peri-delivery animal studies were excluded.
Two mature animal studies {Vereczki 2006 821; Zwemer 1994 159} were also reviewed.
Please refer to the table of animal studies for further details.
The experimental studies suggested no change between groups in the return of spontaneous circulation (ROSC) rates but provision of 100% oxygen during cardiac arrest resulted in more
biochemical evidence of myocardial/cerebral oxidative stress. Only one mature animal study {Zwemer 1994 159} showed poorer short-term neurological dysfunction for survivors when
100% oxygen (compared to 21%) was provided during cardiac arrest.

3. Narrative Reporting of the task force discussions

As there were no human studies identified in the search to support a more specific systematic review, animal studies were reviewed for indirect evidence.
The reviewed animal studies showed no differences in survival rates. While there were biochemical and histological evidence of oxidative injuries, how these might influence long term
neurological outcomes of these animals and clinical outcomes in the human pediatric population are unknown.
The following studies were considered in the evaluation of this topic. But were not included in the evidence table as they did not directly address the PICOST.
Pediatric population
An observational study {Cashen 2018 245} on pediatric extra-corporeal membrane oxygenation (ECMO) with a subgroup of patients (n=69/484) who received extracorporeal cardiopulmonary
resuscitation (ECPR). This study assessed the incidence of hyperoxia and hypocapnia and their associated clinical outcomes. However, there was no data on oxygen titration during ECPR or
prior to its initiation. Subgroup analysis and clinical associations with oxygen measurements were not performed due to the small numbers in the cardiac arrest subgroup.
The authors found that hyperoxia was common (68.4%) during pediatric extracorporeal membrane oxygenation in critically ill pediatric patients. Hyperoxia was associated with mortality (167
[50.5%] vs 48 [31.4%]; p < 0.001), but there was no difference in functional status among survivors.
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Another observational study {Sutton 2019 1627} assessed the effect of ventilatory rates and pediatric in-hospital cardiac arrest survival outcomes. However, there was no data presented on
oxygen titration or oxygen measurements during cardiac arrest. The study correlated ventilatory rates and survival to discharge and intra-cardiac arrest hemodynamics.
Adult population
One retrospective, observational study on adult OHCA (n=145) on the incidence of hyperoxemia {Spindelboeck 2013 770}. Intra-arrest, all were given 100% oxygen but hyperoxemia (14%)
was associated with a higher rate of hospital admission but no differences in in-hospital CPC. There was no titration of oxygen during the cardiopulmonary resuscitation.
All newborns are currently recommended to receive 100% oxygen once chest compressions are initiated. Oxygen titration is done only during the initial resuscitation of the depressed
newborn and after return of spontaneous circulation (or sustained heart rate > 60/min).
Due to poor circulation during chest compressions, pulse oximeters may not be able to reliably assess oxygenation. Oxygen titration during CPR may limited in the setting of patients with
pre-existing intra-arterial monitoring in ICUs or during ECPR.

Knowledge Gaps
As there are no human studies that address intra-arrest oxygenation titration and provocative findings in animals, we feel there is sufficient equipoise to support an RCT addressing this
question.
Potential populations for future investigation may include infants and children in the ICU setting with invasive blood monitoring or pediatric patients undergoing ECPR (albeit the mechanics
are distinctly different from conventional CPR) to allow oxygen measurements and titration during cardiac arrest.
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Appendix A: Search Strategies
1.
Database: PubMed
Search date: 31st October 2019
Search Strings:
(((((((((((((((Air[MesH] or air[Title/Abstract]) OR Oxygen[MeSH]) OR oxygen*[Title/Abstract] OR O2[Title/Abstract] OR hypoxia[Title/Abstract] OR hypoxaemia[Title/Abstract])
OR hypoxemia[Title/Abstract] OR hyperoxia[Title/Abstract] OR hyperoxia[Title/Abstract] OR hyperoxemia[Title/Abstract] OR hyperoxaemia[Title/Abstract] OR oxygen
titration[Title/Abstract] OR saturation[Title/Abstract] OR oximetry[Title/Abstract] OR Ventilation[MeSH]) OR Ventilation[Title/Abstract]) AND ((((((((((((((((((((Heart Arrest[MeSH
Terms]) OR heart massage*[Title/Abstract]) OR heart arrest[Title/Abstract]) OR cardiac arrest[Title/Abstract]) OR cardiopulmonary arrest[Title/Abstract]) OR cardiovascular
arrest[Title/Abstract]) OR Ventricular Fibrillation[MeSH Terms]) OR ventricular fibrillation[Title/Abstract]) OR asystol*[Title/Abstract]) OR pulseless electrical activity[Title/Abstract]) OR
PEA[Title/Abstract]) OR resuscitation[Title/Abstract] OR Cardiopulmonary Resuscitation[MeSH Terms]) OR cardiopulmonary resuscitation[Title/Abstract]) OR life support[Title/Abstract]) OR
ACLS[Title/Abstract]) OR Heart Massage[MeSH Terms]) OR heart massage*[Title/Abstract]) OR cardiac massage*[Title/Abstract]) OR chest compression*[Title/Abstract]) OR cardiac
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compression*[Title/Abstract])) AND ((((((((Child [MeSH Terms]) OR child*[Title/Abstract]) OR Infant[MeSH Terms]) OR infant*[Title/Abstract]) OR Adolescent[MeSH Terms]) OR
adolescen*[Title/Abstract]) OR teenage*[Title/Abstract] OR Pediatrics[MeSH] OR pediatric*[Title/Abstract]) OR paediatric* [Title/Abstract]))
2.
Database: EMBASE
Search date: 31st October 2019
Search Strings:
(‘Air’/exp or ‘air’:ab,ti OR ‘Oxygen’/exp OR ‘oxygen’:ab,ti OR ‘oxygen*’:ab,ti OR ‘O2’:ab,ti OR ‘hypoxia’:ab,ti OR ‘hypoxaemia’:ab,ti OR ‘hypoxemia’:ab,ti OR ‘hyperoxia’:ab,ti OR
‘hyperoxia’:ab,ti OR ‘hyperoxemia’:ab,ti OR ‘hyperoxaemia’:ab,ti OR ‘Saturation/exp OR ‘saturation’:ab,ti OR ‘Oximetry’/exp OR ‘oximetry’:ab,ti OR ‘oxygen-titration’:ab,ti OR
‘Ventilation’/exp OR ventilation:ab,ti) AND (‘Heart Arrest’/exp OR ‘heart arrest’:ab,ti OR ‘cardiac arrest’:ab,ti OR asystole*:ab,ti OR ‘cardiopulmonary arrest’:ab,ti OR ‘cardiovascular
arrest’:ab,ti OR ‘Heart Ventricular Fibrillation’/de OR ‘ventricular fibrillation’:ab,ti OR ‘cardiopulmonary resuscitation’:ab,ti OR CPR:ab,ti OR ‘pulseless electrical activity’:ab,ti OR ‘life
support’:ab,ti OR ACLS:ab,ti OR ‘Heart Massage’/de OR ‘heart massage’:ab,ti OR ‘cardiac massage’:ab,ti OR ‘chest compression’:ab,ti OR ‘cardiac compression’:ab,ti OR ‘intraarrest’:ab,ti]) AND ([‘Child’/exp OR ‘child*’:ab,ti OR ‘Infant’/exp OR ‘infan*’:ab,ti OR ‘Adolescent’/exp OR ‘adolescen*’:ab,ti OR ‘teenage*’:ab,ti OR ‘Preschool’/de OR ‘School’/de OR
‘Pediatrics’/exp OR ‘pediatric*’:ab,ti OR ‘paediatric*’/exp OR ‘paediatric*’:ab,ti]) AND [Embase]/lim

3.
Database: Cochrane
Search date: 31st October 2019
Search Strings:
([mh “Air”] or ‘air’:ab,ti OR [mm “Oxygen”] OR ‘oxygen*’:ab,ti OR ‘oxygen*’:ab,ti OR ‘O2’:ab,ti OR ‘hypoxia’:ab,ti OR ‘hypoxaemia’:ab,ti OR ‘hypoxemia’:ab,ti OR ‘hyperoxia’:ab,ti OR
‘hyperoxia’:ab,ti OR ‘hyperoxemia’:ab,ti OR ‘hyperoxaemia’:ab,ti OR ‘Saturation/exp OR ‘saturation’:ab,ti OR ‘Oximetry’/exp OR ‘oximetry’:ab,ti OR ‘oxygen-titration’:ab,ti OR
‘Ventilation’/exp OR ventilation:ab,ti) AND [mh “Heart Arrest”] OR ‘heart arrest’:ab,ti OR ‘cardiac arrest’:ab,ti OR asystol*:ab,ti OR [mm “Heart Ventricular Fibrillation”] OR
‘pulseless electrical activity’:ab,ti OR ‘cardiopulmonary arrest’:ab,ti OR ‘cardiovascular arrest’:ab,ti OR ‘cardiopulmonary resuscitation’:ab,ti OR CPR:ab,ti OR ‘life support’:ab,ti OR
ACLS:ab,ti OR [mm “Heart Massage”] OR ‘heart massage’:ab,ti OR ‘cardiac massage’:ab,ti OR ‘chest compression’:ab,ti OR ‘cardiac compression’:ab,ti OR ‘intra-arrest’:ab,ti) AND
([mm “Child”] OR child*:ab,ti OR [mm “Infant”] OR infan*:ab,ti OR [mm “Adolescent”] OR adolescen*:ab,ti OR teenage*:ab,ti OR pediatric*:ab,ti OR paediatric*’:ab,ti])

4.
Database: CINAHL
Search date: 31st October 2019
Search Strings:
([mh “Air”] or ‘air’:ab,ti OR [mh “Oxygen”] OR ‘oxygen*’:ab,ti OR ‘oxygen*’:ab,ti OR ‘O2’:ab,ti OR ‘hypoxia’:ab,ti OR ‘hypoxaemia’:ab,ti OR ‘hypoxemia’:ab,ti OR ‘hyperoxia’:ab,ti OR
‘hyperoxia’:ab,ti OR ‘hyperoxemia’:ab,ti OR ‘hyperoxaemia’:ab,ti OR ‘Saturation/exp OR ‘saturation’:ab,ti OR ‘Oximetry’/exp OR ‘oximetry’:ab,ti OR ‘oxygen-titration’:ab,ti OR
‘Ventilation’/exp OR ventilation:ab,ti) AND [mh “Heart Arrest”] OR ‘heart arrest’:ab,ti OR ‘cardiac arrest’:ab,ti OR asystol*:ab,ti OR ‘cardiopulmonary arrest’:ab,ti OR ‘cardiovascular
arrest’:ab,ti OR ‘ventricular fibrillation’:ab,ti OR ‘cardiopulmonary resuscitation’:ab,ti OR CPR:ab,ti OR ‘pulseless electrical activity’:ab,ti OR ‘life support’:ab,ti OR ACLS:ab,ti OR [mh
“Heart Massage”] OR ‘heart massage’:ab,ti OR ‘cardiac massage’:ab,ti OR ‘chest compression’:ab,ti OR ‘cardiac compression’:ab,ti OR ‘intra-arrest’:ab,ti) AND ([mh “Child”] OR
child*:ab,ti OR [mh “Infant”] OR infan*:ab,ti OR [mh “Adolescent”] OR adolescen*:ab,ti OR ‘teenage*’:ab,ti OR [mh “Pediatrics”] OR pediatric*:ab,ti OR paediatric*’:ab,ti])
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B-7 Invasive blood pressure monitoring during CPR (PLS 826: ScopRev)
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Methodological Preamble and Link to Published Scoping Review
The continuous evidence evaluation process started with a scoping review of blood pressure and haemodynamic resuscitation in paediatric cardiac arrest, conducted by the ILCOR PLS
Task Force Scoping Review team. Evidence from adult and pediatric literature was sought and considered by the PLS Task Force.

Scoping Review
Pending
The PICOST (Population, Intervention, Comparator, Outcome, Study Designs and Timeframe)

Population: Infants & Children in any setting (in-hospital or out-of-hospital) with cardiac arrest
Intervention: the presence of variables -images, cut-off values or trends- during CPR (intra-arrest) that can provide physiologic feedback to guide resuscitation efforts, namely:
2/ Arterial blood pressure
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Comparators: the absence of such factors -images, cut-off values or trends.
Outcomes: Any clinical outcome.
Study Designs: STEP 1: Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled before-and-after

studies, cohort studies). If there are insufficient studies from which to draw a conclusion, case series may be included in the initial search. Unpublished studies (e.g., conference
abstracts, trial protocols) will be excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above but considered informative as
additional evidence – taking into account severe indirectness- for the development of the final taskforce insights.

Timeframe: For STEP 1, all languages are included, as long as there is an English abstract. We searched articles from 2015 onwards. For STEP 2, if a systematic or scoping review of
high quality (as per AMSTAR 2 tool) is identified, search can be limited to beyond data and/or scope of that review.

Active and Reposed PICOs Related to scope of work for this PICOST:
P 826 Invasive Blood Pressure Monitoring During CPR
2015 Consensus on Science:

For the critical outcome of survival to 180 days and good neurologic outcome, we identified no studies. For the critical outcome of survival to 60 days and good neurologic
outcome, we identified no studies. For the critical outcome of survival to hospital discharge and good neurologic outcome, we identified no studies. For the critical outcome
of the likelihood of survival to discharge, we identified very-low-quality evidence (downgraded for risk of bias, very serious inconsistency, indirectness, and imprecision) from
2 pediatric animal RCTs {Friess 2013 2698-2704; Sutton 2013 696-701} involving 43 subjects, which showed benefit. For the important outcome of ROSC, we identified verylow-quality evidence (downgraded for risk of bias, inconsistency, very serious indirectness, and imprecision) from 2 pediatric animal RCTs {Friess 2013 2698-2704; Sutton
2013 696-701} involving 43 subjects, which showed benefit.
2015 Treatment Recommendation:
The confidence in effect estimates is so low that the panel decided a recommendation was too speculative.

Search Strategies

We searched PUBMED and Embase with the predefined inclusion criteria (13/09/2019 – final review 10/01/2020) and combined the following terms using Bolean operators:
life support care, cardiopulmonary resuscitation, ROSC, heart arrest, cardiac arrest using both individual (ti,ab,kw) and related MESH terms, as well as exploded terms within
Embase. We combined these with the terms: blood pressure, diastolic, systolic, (mean) arterial pressure, coronary perfusion pressure, hemodynamic-directed, haemodynamicdirected (again both individual and MESH terms, and Embase exploded terms). Detailed search strategies are listed at the end of this document.
We identified 689 articles after elimination of duplicates. For the subsequent screening by title, we excluded those studies that clearly did not have blood pressure as study
focus, were not focussed on values during cardiac arrest or obviously had one of the other pre-defined exclusion criteria.
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We accepted only 19 abstracts for full text review (with exclusion of 1 duplicate paper). 100% consensus was reached after a first blinded individual review (Rayyan.qrci.org)
and a subsequent discussion about 1 abstract. After subsequent full text review, two studies met criteria for inclusion in this review (step 1). In step 2, we withheld 1 adult
study, 1 SR of 6 animal studies and 4 additional animal studies (from 2014 onwards). Finally, a follow-up review (10/01/2020) identified 1 additional animal study.

Inclusion and Exclusion criteria

Inclusion: Studies that evaluate the population and intervention in the PICOST. Studies evaluating those variables that can be measured or monitored during the provision
of ALS and before ROSC and that have potential to provide (physiologic and/or haemodynamic) feedback to the resuscitating team, potentially guiding their actions to
improve outcome, and which might predict outcome.
Exclusions include:
1/ Newborn at Delivery
2/ Pre-arrest features, not influenced by ALS: time of day, location, bystander CPR, gasping, age, etiology, initial rhythm, unwitnessed…
3/ Standard ALS interventions e.g. ventilation strategies, fluids, firm surface, medications given, eCPR, length and Quality of CPR….
4/ Post-ROSC parameters such as lactate clearance, post-arrest rhythm, hypotension nor any actions to provide neuroprotective care post-ROSC.
Adult data are only considered in step 2 as both the etiology and pathophysiology of paediatric arrest differs substantially (serious indirectness). Moreover, the complexity
or impact of obtaining the variable under study will likely differ e.g. placing an arterial line… Finally, animal data are considered in step 2 but -as human data are availablemostly to inform the knowledge gaps and possible future research agenda.
Outcomes considered include: Quality of CPR, ROSC, survival to discharge, (changes in) functional outcome at discharge or other time points.

Data tables
Non-RCT OR OBSERVATIONAL
(acronym); Author; Year Published
1. Wolfe 2019 57

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

Study type/design; Study size (N)
Prospect. multicentre observat.
N=164, of which 77 survivors

Patient Population
(inclusion criteria)

IHCA (PICU-PCICU) compressions>1’
and invasive BP in place; US, 20132016, same population as {Berg
2018 1784}
77 survivors (69% <1y, 71% congenital heart disease), baseline PCPC normal
to mild in 76%. New substantive morbidity NSM (increase of >2 in total
Functional State Scale (FSS) or 2 in any FSS domain) in 42%.
NSM not related in any way to either diastolic or systolic BP, nor for median
value nor for % above target (diastolic above 30 child/25 infant mmHg;
systolic 80/60 mmHg), only with baseline FSS.
In this very much preselected population, no association between any BP and
neurological outcome of survivors could be identified.
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2. Berg 2018 1784

Prospect. multicentre observat.
N= 244 CPR events of which 164
could be analysed

IHCA (PICU-PCICU) compressions>1’
and invasive BP in place; US, 20132016, The mean age of the sample
was 0.7y old (IQR 0.1-3.1), 60% had
a congenital heart disease.
The hypothesised cut-off levels for mean diastolic BP (first 10 minutes of CPR
or length of CPR if less): ≥25 mm Hg in infants and ≥30 mm Hg in children ≥1year-old were reached in 62% of events.
Using Multivariable Poisson regression, the adjusted RR for survival was 1.7
[95%CI: 1.2-2.6] and 1.6 for favourable neurological outcome [1.1-2.5]. For
ROSC it was 1.2 [0.9-1.5]. Stepwise backward models showed similar results.

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

No significant association could be found for systolic blood pressure cut-off
values.
In general, the CA events described were of short duration (55% < 10
minutes) and the quality of CPR was presumed to be high (dedicated teams,
mostly in ICUs). This resulted in 69% ROSC and another 22% surviving the
event with the addition of eCPR.. 47% survived to discharge and 43% had a
favourable neurological outcome (defined as PCPC of 1 to 3 or no change
from baseline).
In this highly selected population, Berg et al found significant association
between the mean diastolic BP during the first 10 minutes of CPR and
outcome. Although the test performance as such was less than optimal, Berg
et al were able to define ROC curve threshold optimums. The optimal ROC
curve thresholds without covariable consideration were 27 mmHg (infants)
and 31.75 mmHg (children). These correlated with predicted survival rates of
63% [95% CI 35-84] and 67% [48-82]. Survival rapidly dropped with
thresholds below 20 mmHg (infant) or 25 mmHg (child). The lowest mean
DBP with survival to discharge was 16mmHg (infants) and. 18 mmHg
(children).

Task Force Insights

1. Why this topic was reviewed.
Ideally, physiologic monitoring and feedback to the clinician during cardiac arrest resuscitation would allow rescuers to monitor and adjust the quality of CPR, and to predict
and influence the likelihood of return of spontaneous circulation and subsequent neurologic recovery. As such, this physiologic monitoring could lead to a form of
‘individualised’ CPR, where actions are altered to match with individual needs and responses of the victim in cardiac arrest.
Arterial blood pressure (systolic (SBP), diastolic (DBP) or mean blood pressure (MBP)) drive coronary and brain perfusion and therefore certain levels of systolic, diastolic or
mean blood pressure might be associated with improved outcome. This observation has been supported by both pre-clinical data and expert experience. However, it is
unknown if CPR with an individualized BP-goal directed protocol rather than the standard one-size-fits-all protocol could change outcome. Given the need for invasive
monitoring this question currently seems limited to the IHCA subpopulation, and more specifically to those in an intensive care environment
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2. Narrative summary of evidence identified
We identified 2 observational studies from the same group (describing essentially the same population). Wolfe et al {Wolfe 2019 57} did not find any association between
any BP and neurological outcome in a cohort of survivors from (PICU-PCICU) IHCA. Berg et al {Berg 2018 174} did find, in a very preselected population, a significant
association between the mean diastolic BP during the first 10 minutes (or less) of CPR and outcome. Although the test performance as such was less than optimal, Berg et al
were able to define ROC curve threshold optimums. The optimal ROC curve thresholds without covariable consideration were 27 mmHg (infants) and 31.75 mmHg
(children). These correlated with predicted survival rates of 63% [35-84] and 67% [48-82]. Survival rapidly dropped with thresholds below 20 mmHg (infant) and 25 mmHg
(child). The lowest mean DBP with survival to discharge was 16mmHg (infants) resp. 18 mmHg (children).
To further explore the topic, we also looked at indirect evidence from adult and animal studies (STEP 2). Chopra et all {Chopra 2016 102} performed a systematic review on
hemodynamic-directed feedback during resuscitation and identified 6 animal studies (from 2 research groups and published between 2011 and 2014; only studies with a
control group were included). The 4 studies looking at survival showed a significant advantage of hemodynamic [HD]-directed CPR, but given the limited sample sizes, the
authors did not feel the evidence to be sufficient to draw any conclusions.
This identified trend was also confirmed in more recent pediatric animal studies (mostly form the same research group).
Morgan et al {Morgan 2016 6} compared HD-directed CPR with standard CPR in a 3-month swine model of either asphyxia-associated or primary VF. They had 37/60
animals (61.7%) surviving to 45 minutes. Diastolic blood pressure was superior to ETCO2 in discriminating survivors (AUC 0.82 vs 0.6) with an optimal cut-off of 34.1 mmHg.
Still the test performance was only moderate (sensitivity 0.78, specificity 0.81, PPV 0.64, NPV 0.89).
Naim et al {Naim 2016 e1111} also compared HD-directed CPR with standard CPR in a 3-month old swine model. Again, survival was higher in the HD-directed CPR group
(24h survival 5 out of 8 vs. no survivors 0/8 in the standard group). The mean coronary perfusion pressure was higher, and the HD-directed group received more doses of
vasopressor and had slightly less compression depth than the standard group.
Morgan et al {Morgan 2017 41} compared HD-directed CPR with standard CPR in an asphyxia VF piglet model. The 4-hour survival was 100% in the HD-directed group, vs. 6
/ 10 for the standard group. Tthe mean coronary perfusion pressure was higher and the HD-directed group received more doses of vasopressor and had less compression
depth (-14mm) than the standard group.
Lautz et al {Lautz 2019 e241} compared HD-directed CPR with standard CPR in a piglet model of asphyxia VF (N=28, with 6 sham animals). Favourable neurological outcome
was observed in 7/10 HD-directed CPR animals, compared to 1/12 with standard CPR). Coronary perfusion pressure and brain tissue oxygenation were markedly higher in
the piglets with HD-directed CPR.
Manrique et al (Manrique 2019 e0219660) randomised 60 piglets to compare between synchronized and non-synchronized BVMV with chest compressions (CC), and
between guided and non-guided CC with a real-time feedback-device (Group A: guided-CC and synchronized ventilation; Group B: guided-CC and non-synchronized
ventilation; Group C: non-guided CC and synchronized ventilation; Group D: non-guided CC and non-synchronized ventilation). Twenty-six (46.5%) achieved ROSC: A (46.7%),
B (66.7%), C (26.7%) and D (33.3%). Survival rates were higher in group B than in groups A+C+D (66.7% vs 35.6%, p = 0.035). ROSC was higher with guided-CC (A+B 56.7% vs
C+D 30%, p = 0.037). No differences were found in arterial pH and pO2, mean arterial pressure (MAP) or cerebral blood flow between groups. Chest compressions were
shallower in surviving than in non-surviving piglets (4.7 vs 5.1 cm, p = 0.047). There was a negative correlation between time without CC and MAP (r = -0.35, p = 0.038).
Finally, there is one adult study using data from the AHA’s Get with the Guidelines-Resuscitation™ registry. Sutton et al {Sutton 2016 76} performed a prospective
observational propensity-matched cohort study of adult IHCA. 3032 physiologic monitored patients (either by ETCO2 or diastolic BP) were compared to 6064 patients
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without monitoring. Those monitored showed a higher rate of ROSC (OR 1.22 [1.04; 1.43]) but not survival to discharge (OR 1.04 [0.91; 1.18]) nor survival with favourable
neurological outcome. The study did not specifically look at diastolic BP and even for those with an arterial line in place only about 1/3 reported using the diastolic BP to
guide their CPR efforts. Importantly most of the data in this register were collected before 2010.
3. Narrative Reporting of the task force discussions
Cardiac arrest still has an overall poor prognosis. High quality CPR improves outcome, but what constitutes the best possible CPR for an individual patient is still based on
limited evidence and may be different for different etiological factors. Having parameters to guide CPR and adjust it to the need of the individual patient is therefore
essential.
Adequate myocardial and brain tissue perfusion is fundamental to outcome and (diastolic) blood pressure could be useful as a clinically measurable surrogate for this. The
identified evidence reports a possible relation between diastolic BP and patient outcome. Only IHCA events were studied because of the need for invasive BP monitoring.
Although Berg et al were able to identify optimal ROC curve thresholds with regard to test performance, and also identified thresholds below which no child survived, the
evidence is too limited to consider diastolic BP in itself sufficient to identify CPR futility.
The potential value of truly personalised hemodynamic-directed CPR, where CPR efforts (chest compressions, vasopressor doses, etiological treatments) are adjusted in view
of pre-defined (diastolic) BP goals and not limited by current ‘standard’ guidelines, has yet to be defined. Animal studies suggest a positive impact on outcome of such an
approach but can only be seen as exploratory and hypothesis-generating.
This scoping review has not identified sufficient new evidence to prompt either a new systematic review or reconsideration of current resuscitation guidelines/treatment
recommendations.

Knowledge Gaps
Clear need for RCTs to assess potential value of truly personalised hemodynamic-directed CPR, where CPR efforts (chest compressions, vasopressor doses, etiological
treatments) are adjusted in view of pre-defined (diastolic) BP goals and not limited by current ‘standard’ guidelines.
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APPENDIX SEARCH STRATEGY (final 10/01/2020)
PUBMED
#1: blood pressure [Title/Abstract] OR diastolic [Title/Abstract] OR systolic [Title/Abstract] OR (hemodynamic-directed [Title/Abstract] OR haemodynamic-directed
[Title/Abstract]) OR (mean) arterial pressure [Title/Abstract] OR coronary perfusion pressure [Title/Abstract]) OR arterial pressure[MeSH Terms]: 49917
#2: “life support care” [MESH] OR “life support” [TIAB] OR cardiopulmonary resuscitation [MESH] OR “cardiopulmonary resuscitation” [TIAB] OR ROSC [TIAB] OR “return of
spontaneous circulation” [TIAB] OR heart arrest [MESH] OR “cardiac arrest [TIAB]: 73505
#3: #1 AND #2 NOT respiration, artificial [MeSH Terms]: 878
#4: #3 NOT ("Letter"[Publication Type] OR "Editorial"[Publication Type] OR “Comment"[Publication Type]): 863
#5: #4 NOT (animals [mh] NOT humans [mh]): 363
#6 = STEP 1: #5 AND (infan* OR baby OR baby* OR babies OR toddler* OR minors OR minors* OR kid OR kids OR child OR child* OR children* OR schoolchild* OR schoolchild
OR school child[tiab] OR school child*[tiab] OR adolescen* OR juvenil* OR youth* OR teen* OR under*age* OR pubescen* OR pediatrics[mh] OR pediatric* OR paediatric* OR
peadiatric* OR school[tiab] OR school*[tiab]): 62
#7 = STEP 2: (#4 NOT #6) Filters: published in the last 5 years: 178

EMBASE
#1: ‘blood pressure’/exp OR ‘blood pressure’:ti,ab,kw OR ‘diastolic blood pressure’:ti,ab,kw OR ‘systolic blood pressure’:ti,ab,kw OR (‘hemodynamic directed’ OR
‘haemodynamic directed’):ti,ab,kw OR ‘coronary artery blood flow’:ti,ab,kw: 708132
#2: ‘heart arrest’:ti,ab,kw OR ‘heart arrest’/exp: 96742
#3: #1 AND #2 AND [embase]/lim NOT ([embase]/lim AND [medline]/lim): 3047
#4: #3 AND ([article]/lim OR [review]/lim) AND [english]/lim AND [2014-2020]/py: 449
#5 = STEP 1: #4 AND ([newborn]/lim OR [infant]/lim OR [child]/lim OR [preschool]/lim OR [school]/lim OR [adolescent]/lim): 53
#6 = STEP 2: #4 NOT #5: 396
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B-8 Use of near-infrared spectroscopy (NIRS) during cardiac arrest (2020 PLS NEW: ScopRev)
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Task Force Scoping Review Citation
Kool M, Atkins DL, Van de Voorde P, Maconochie I, Aicken R, Bingham R, Couto TB, de Caen A, Guerguerian AM, Nadkarni V, Ng KC, Nuthall G, Ong G, Reis A ,Schexynader S,
Tijssen J , Scholefield B on behalf of the International Liaison Committee on Resuscitation Paediatric Life Support Task Force.
Scoping review: value of near-infrared spectroscopy during pediatric in- and out-of-hospital cardiac arrest. Brussels, Belgium: International Liaison Committee on
Resuscitation (ILCOR) Pediatric Life Support Task Force, 2020 January 09. Available from: http://ilcor.org

Methodological Preamble and Link to Published Scoping Review
The continuous evidence evaluation process started with a scoping review of near-infrared spectroscopy (NIRS) and NIRS directed resuscitation in paediatric cardiac arrest, conducted by the
ILCOR PLS Task Force Scoping Review team. Evidence from adult and paediatric literature was sought and considered by the PLS Task Force.

Scoping Review
Pending

PICOST
The PICOST (Population, Intervention, Comparator, Outcome, Study Designs and Timeframe)

Population: Infants & Children in any setting (in-hospital or out-of-hospital) with cardiac arrest
Intervention: the presence of variables -images, cut-off values or trends- during CPR (intra-arrest) that can provide physiologic feedback to guide resuscitation efforts, namely:
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1/ Near-infrared spectroscopy / cerebral oxygen saturation monitoring

Comparators: the absence of such factors -images, cut-off values or trends.
Outcomes: Any clinical outcome.
Study Designs: STEP 1: Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled before-and-after

studies, cohort studies) that concern directly the population and intervention described above were eligible for inclusion. As we anticipated that there would be insufficient studies
from which to draw a conclusion, case series with greater than 5 cases were included in the initial search. Unpublished studies (e.g., conference abstracts, trial protocols) were
excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above but considered informative as
additional evidence – taking into account severe indirectness- for the development of the final taskforce insights.

Timeframe: For STEP 1, all years and all languages were included, as long as there was an English abstract. For STEP 2, as a systematic review of high quality (as per AMSTAR 2 tool)
was identified, searches were limited to beyond data and/or scope of that review. Literature search was updated until October 14, 2019.

Previous Treatment Recommendation
NIRS/Cerebral oxygen saturation monitoring is not included in the 2010 or 2015 paediatric or adult COSTR or AHA/ERC resuscitation guideline.
Adult 2015 COSTR (appendix A) mentions cerebral oxygen saturation monitoring within the ‘Physiological monitoring during cardiac arrest’. However no treatment recommendations are made
due to limited studies of very low quality evidence (Callaway et al., 2015, s84).

Search Strategies
We searched PUBMED, Embase, CINAHL and Medline with consideration of the predefined inclusion criteria (14/10/2019). We combined the following terms using Bolean operators: life
support care, cardiopulmonary resuscitation, ROSC, heart arrest, cardiac arrest using both individual (ti,ab,kw) and related MESH terms, as well as exploded terms within Embase and CINAHL.
We combined these with the terms: near-infrared spectroscopy, cerebral oximetry, regional cerebral oxygenation, regional cerebral oxygen saturation (again both individual and MESH terms,
and Embase and CINAHL exploded terms). The full search strategies are included in Appendix B1.
We identified 132 articles after duplicates were removed. The titles and abstracts were independently screened by two reviewers for inclusion (Rayyan.qrci.org). Disagreements were resolved
by consensus and 8 studies were selected. After full text review, six further studies were eliminated. A PRISMA flow diagram of the systematic search and selection is provided in separate
document.

Inclusion and Exclusion criteria
This scoping review focusses on those cerebral parameters that are measured or monitored during the provision of ALS and before return of spontaneous circulation (ROSC). These variables
might provide aetiologic, physiologic and/or hemodynamic feedback to the resuscitating team, potentially guiding their actions to improve outcome, and might predict outcome. Inclusion
criteria are as per PICOST.
Outcomes considered included: Feasibility of obtaining measurements, ROSC, survival to discharge, (changes in) functional outcome at discharge or other time points.
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Exclusions include studies which addressed:
1/ Newborn at Delivery
2/ Pre-arrest ‘case’ features, not influenced by ALS: time of day, location, bystander CPR, gasping, age, aetiology, initial rhythm, unwitnessed…
3/ The ALS interventions themselves, performed to influence the parameters mentioned e.g. ventilation strategies, fluids, firm surface, medications given, eCPR, length and Quality of CPR….
4/ Post-ROSC parameters such as lactate clearance, post-arrest rhythm, hypotension nor any actions to provide neuroprotective care post-ROSC.
Adult data was reviewed through a separate search strategy, with the same inclusion and exclusion criteria except for age. This was only considered in step 2 as both the aetiology and
pathophysiology of paediatric arrest differs substantially (serious indirectness).

Data tables
Relevant Guidelines or Systematic Reviews: None available
RCT: None available
Table 1: NIRS observations during CPR in children with CA
Non-randomized controlled trials, Observational Studies;
Author; Year
Design,
Population
Intervention/Com
country
parator
1. Abramo 2014 Case series
CSF shunt
Compared NIRS
1439.e1
patients in
monitoring with
United
cardiac arrest or ETCO2 and
States of
with severe
cerebral BVI
America
bradycardia who
had rcSO2 with
BVI monitoring,
admitted to ED
(n=14)
2. Çağlar 2017
Prospective
Inclusion
NIRS monitoring
642
cohort study Criteria:
was compared
All patients
with pulse
Turkey
younger than 18 oximetry and ECG
years of age
in all patients,
with OHCA,
ETCO2 in three
admitted to ED
out of ten
between March patients
2014 to March
2016
Exclusion
Criteria:

Main findings
Cerebral physiology changes can be
detected using rcSO2 with BVI
during cardiac arrest, ICP reduction,
arrest resolution, and post arrest.

Minimum rcSO2 values during CPR
were significantly higher in ROSC
patient group (median (IQR) 30±1in
ROSC vs. 20.7±5.7 in non-ROSC
population, p=0.02).
Only 3 out of 10 patients achieved
sustained ROSC, only 1 survived to
hospital discharge. rcSO2 increased
with ROSC and following blood
transfusion.
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Patients with
chronic cyanotic
cardiac disease,
pulmonary
disease, frontal
head trauma or
intracranial
injury.
(n=10)
OHCA=Out-of-Hospital Cardiac Arrest, CA=Cardiac Arrest, ED=emergency department, BVI= blood volume index, EtCO2=endtidal CO2, rcSO2 = regional cerebral tissue oxygen saturation, NIRS=Near-infrared spectroscopy, CPR= cardiopulmonary
resuscitation, CSF= cerebrospinal fluid, ROSC = return of spontaneous circulation, ICP = Intracranial pressure,
ECG=electrocardiogram

Task Force Insights
1. Why this topic was reviewed.
Ideally, physiologic monitoring of cerebral parameters and feedback to the clinician during cardiac arrest resuscitation would allow rescuers to monitor (and adjust) quality of cardiopulmonary
resuscitation (CPR), and to predict (and influence) the likelihood of return of spontaneous circulation and subsequent neurologic recovery. As such, this physiologic monitoring could lead to a
form of ‘individualised’ CPR, where actions are altered to match with individual needs and responses of the victim in cardiac arrest.
2. Narrative summary of evidence identified
Near-infrared spectroscopy is a non-invasive way of estimating regional cerebral oxygen saturations (rcSO2) and can be detected in cardiac arrest state when flow is absent. There are several
different non-invasive devices on the market that report either the cerebral tissue oxygenation index (TOI), or rcSO2. Both are expressed as ratio of oxygenated haemoglobin (Hb) to total Hb
using a modification of the Beer-Lambert law {Green 2017 48; Nagdyman 2008 160}. Nagdyman et al. published a comparison between two NIRS devices, NIRO 200 (measuring TOI) and INVOS
5100 (measuring rcSO2), and two invasive measurements of venous oxygen saturation: jugular venous bulb saturation and central venous oxygen saturation in 31 children undergoing cardiac
catheterisation. Although a significant correlation was shown between non-invasive and invasive venous oxygen measurements, a considerable bias was also found in both NIRS devices.
Furthermore, the study demonstrated a significant difference between the two NIRS devices, with lower mean percentages in TOI as compared to rcSO2 {Nagdyman 2008 160}.
STEP 1
We identified two pediatric studies for final inclusion (Table 1). Abramo et al. published a case series of 14 patients with CSF shunts and raised intracranial pressure presenting in CA and
describes NIRS values reflecting changes in observations e.g. end tidal CO2, cerebral blood volume index {T. Abramo 2014 1439.e1}. The cohort study by Çağlar et al. of 10 OHCA patients,
suggests minimum rcSO2 were lower in the population who did not achieve ROSC {Çağlar 2017 642}. There were insufficient studies identified to support a more specific systematic review.
STEP 2
Due to the limited evidence available in paediatric studies, we also looked at indirect evidence from adult studies. Data extraction tables are included in appendix C.
RCTs
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No RCT’s were identified to evaluate the association between NIRS and quality of CPR or ROSC in adults or children. Nevertheless, an adult RCT is pending which will review if NIRS guided CPR
(with the aim to optimize NIRS values) is superior compared to the current standard practice according to published CPR guidelines (NCT03911908), which is due to finish July 2021.
Systematic reviews
Two systematic reviews were identified: the latest was published in 2018 and comprised of studies published before February 2017. The systematic reviews concluded that a higher NIRS is
associated with a higher chance of ROSC and survival and a lower NIRS is linked with an increased mortality {Schnaubelt 2018 39; Cournoyer 2016 851}. However, there seems to be no
consensus on specific thresholds of rcSO2 at which a prediction can be made regarding different outcomes: ROSC, survival or neurologic outcome {Schnaubelt 2018 39}. Furthermore, there
was a wide overlap of mean or median rcSO2 values between patients with ROSC and patients where ROSC was not achieved. This is also reflected in the cohort studies {Prosen 2018 141;
Tsukuda 2019 33; Yazar 2019 311; Engel 2019 174}. However, an increasing trend in rcSO2 seems more reliable as a predicting factor for ROSC, with suggested increase of at least 7 – 15%
from baseline {Genbrugge 2018 107; Schnaubelt 2018 39; Takegawa 2019 201}.
Observational studies
Only one study compared the rates of ROSC in the use of NIRS versus no NIRS monitoring and found no differences in the occurrence of ROSC {Singer 2018 403}. All the other studies compared
NIRS in patients who achieved ROSC versus no ROSC achieved. Many different NIRS devices were used throughout the studies which complicates comparisons as the saturation indices are not
interchangeable {Nagdyman 2008 160}. The findings of the observational studies since February 2017 correlate with those published in both systematic reviews.
3. Narrative Reporting of the task force discussions
Cardiac arrest, and especially OHCA, still has a very poor prognosis. High quality CPR improves outcome, but what constitutes the best possible CPR for an individual patient is still based on
limited evidence and probably differs between patients and aetiologies. Having better parameters to guide CPR and adjust it to the need of the individual patient is therefore essential.
There is limited pediatric evidence available for the use of NIRS during cardiac arrest. Pathophysiological differences between adults and children are such that extrapolation from this
literature should be done with caution (serious indirectness presumed), and even the adult evidence is limited. At present, there is no consensus on a cut off threshold of rcSO2 that can be
used as an indicator to terminate CPR, nor is there a single rcSO2 value that can be used as a target during CPR or an argument to continue CPR. The adult literature suggests a trend of rcSO2
to be the most useful prognostic indicator, although this has not yet been validated in adults or pediatrics.
The existing evidence is too limited to advocate for any more thorough evaluation of the pediatric evidence by systematic review, however a systematic review of adult literature may be
indicated.

Knowledge Gaps
Large observational studies evaluating rcSO2 directed resuscitation in children are lacking. The value of rcSO2 in evaluating CPR quality and modifications in CPR technique still needs to be
clarified in future research. Furthermore studies are needed that measure the effect of rcSO2 monitoring to guide resuscitation on ROSC and survival with good neurological outcome.
Importantly its place will also have to be evaluated in relation to other intra-arrest factors and monitoring techniques.
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Appendix A
ADULT ADVANCED LIFE SUPPORT – COSTR 2015
Consensus on Science
We found no studies that addressed the critical and important outcomes. For the outcome of change in physiologic values by modifications in CPR, we identified 13 observational studies that
provided very-low-quality evidence (downgraded for serious risk of bias, serious inconsistency, serious indirectness, and serious imprecision) comparing different CPR techniques (standard,
lower sternal, active compression-decompression, intra-abdominal compression, mechanical thumper, ITD, band chest compression, load-distributing band, vest CPR) with the use of
physiologic monitoring (arterial line, ETCO2 , oxygen saturation as measured by pulse oximetry , coronary perfusion pressure, cerebral oximetry, near-infrared spectroscopy) in 469 subjects.
Differences were detected between different CPR techniques, although this was not consistent across different modalities. Given the heterogeneity of CPR techniques used across studies,
data could not be pooled. There were no studies that were found that used physiologic feedback to evaluate CPR quality.

Treatment Recommendation

We make no treatment recommendation for any particular physiological measure to guide CPR, because the available evidence would make any estimate of effect speculative.
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Appendix B: Search strategies by database
1. Database: Embase
Search on 14/10/2019
Search Strategy:
1 *near infrared spectroscopy/ (7968)
2 (cerebral oximetry or regional cerebral oxygenation or regional cerebral oxygen saturation).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer,
drug manufacturer, device trade name, keyword, floating subheading word, candidate term word] (1662)
3 1 or 2 (9387)
4 exp resuscitation/ (106363)
5 exp heart arrest/ or exp cardiopulmonary arrest/ or exp "out of hospital cardiac arrest"/ or exp sudden cardiac death/ (88696)
6 (life support care or life support or cardiopulmonary resuscitation or ROSC or return of spontaneous circulation or cardiac arrest).mp. [mp=title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term word] (76672)
7 4 or 5 or 6 (183295)
8 exp child/ or boy/ or girl/ or infant/ or toddler/ (2514206)
9 exp adolescent/ (1465397)
10 (infan* or baby or baby* or babies or toddler* or minors or minors* or kid or kids or child or child* or children* or schoolchild* or schoolchild or school child or school child* or
adolescen* or juvenil* or youth* or teen* or under* age* or pubescen* or pediatrics or pediatric* or paediatric* or peadiatric* or school or school*).mp. [mp=title, abstract, heading word,
drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term word] (4008109)
11 8 or 9 or 10 (4233208)
12 3 and 7 and 11 (64)
2. Database: Ovid MEDLINE
Search on 14/10/2019
Search Strategy:
1 exp Spectroscopy, Near-Infrared/ (12541)
2 (cerebral oximetry or regional cerebral oxygenation or regional cerebral oxygen saturation).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating
sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier,
synonyms] (857)
3 1 or 2 (13035)
4 exp Cardiopulmonary Resuscitation/ (17027)
5 exp Heart Arrest/ (45895)
6 exp Life Support Care/ (8689)
7 (life support or cardiopulmonary resuscitation or ROSC or return of spontaneous circulation or cardiac arrest).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms] (54506)
8 4 or 5 or 6 or 7 (77890)
9 exp adolescent/ or exp child/ or *infant/ (2922830)
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10 (infan* or baby or baby* or babies or toddler* or minors or minors* or kid or kids or child or child* or children* or schoolchild* or schoolchild or school child or school child* or
adolescen* or juvenil* or youth* or teen* or under* age* or pubescen* or pediatrics or pediatric* or paediatric* or peadiatric* or school or school*).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier, synonyms] (3933096)
11 9 or 10 (3933096)
12 3 and 8 and 11 (30)
13
limit 12 to humans (26)

3. Database: Pubmed
Search on 14/10/2019
Search Strategy:
1 "Spectroscopy, Near-Infrared"[Mesh] (12558)
2 ((cerebral oximetry) OR regional cerebral oxygenation) OR regional cerebral oxygen saturation (4242)
3 1 or 2 (15786)
4 "Life Support Care"[Mesh] (8692)
5 "Cardiopulmonary Resuscitation"[Mesh] (17057)
6 "Heart Arrest"[Mesh] (45984)
7 ((((life support) OR cardiopulmonary resuscitation) OR ROSC) OR return of spontaneous circulation) OR cardiac arrest (749608)
8 4 or 5 or 6 or 7 (749608)
9 (("Infant"[Mesh]) OR "Adolescent"[Mesh]) OR "Child"[Mesh] (3454029)
10 (infan* OR baby OR baby* OR babies OR toddler* OR minors OR minors* OR kid OR kids OR child OR child* OR children* OR schoolchild* OR schoolchild OR school child[tiab] OR school
child*[tiab] OR adolescen* OR juvenil* OR youth* OR teen* OR under*age* OR pubescen* OR pediatrics[mh] OR pediatric* OR paediatric* OR peadiatric* OR school[tiab] OR school*[tiab])]
(4506159)
11 9 or 10 (4506281)
12 (animals [mh]) NOT humans [mh] (4628218)
13 (newborn* OR new-born* OR perinat* OR neonat* OR prematur* OR preterm*) (1003665)
14 3 and 8 and 11 not 12 not 13 (79)
4. Database: CINAHL
Search on 14/10/2019
Search Strategy:
1 (MM "Spectroscopy, Near-Infrared") (788)
2 (cerebral oximetry or regional cerebral oxygenation or regional cerebral oxygen saturation) (356)
3 1 or 2 (1,092)
4 (MH "Resuscitation, Cardiopulmonary+") (13,264)
5 (MH "Heart Arrest+") (17,802)
6 (MH "Life Support Care+") (3,937)
7 life support or cardiopulmonary resuscitation or ROSC or return of spontaneous circulation or cardiac arrest (27,911)
8 4 or 5 or 6 or 7 (183295)
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9 (MM "Child") OR (MH "Adolescence+") OR (MM "Infant") OR (MM "Child, Preschool") (468,744)
10 (infan* or baby or baby* or babies or toddler* or minors or minors* or kid or kids or child or child* or children* or schoolchild* or schoolchild or school child or school child* or
adolescen* or juvenil* or youth* or teen* or under* age* or pubescen* or pediatrics or pediatric* or paediatric* or peadiatric* or school or school*) (1,178,752)
11 9 or 10 (1,178,752)
12 3 and 7 and 11 (12)
***************************
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Table 2.1 NIRS monitoring during CPR in adults with CA
Systematic Reviews
Author; Year
Design,
Population
Intervention/
country
Comparator
1. Cournoyer et Sytematic
Adults with both NIRS
al., 2016, 851.
review,
in-hospital or
measurements
out-of-hospital
during CA, no
CA,
comparator
20 studies
identified
from any
Published and
literature up unpublished
until
experimental
September
and
2015
epidemiologic
Studies. Cohort
and case-control
studies included
if ≥5 patients
Schnaubelt et
Sytematic
Adults with both NIRS thresholds
al. 2018, , 39
review
in-hospital or
during CA, no
out-of-hospital
comparator
CA,
26 studies
identified
from any
Published and
literature up unpublished
until
experimental
February
and
2017
epidemiologic
studies. All
sample sizes
included.

Main findings
Patients with ROSC, surviving to
discharge, and good neurologic
outcome post CA, have higher NIRS
values than their counterparts.
Prolonged failure to obtain a nearinfrared spectroscopy saturation
greater than 30% may be included in
a multimodal approach to the
decision of terminating resuscitation
(Class IIb, Level of Evidence C-Limited
Data).

An increase of ΔrcSO2 by 7% before
ROSC showed significant
discriminatory power for the
prediction of ROSC (Area under curve
(AUC)=0.893, p=.011), sensitivity of
100% and a specificity of 86%.
Measuring rcSO2 during CPR could
potentially facilitate clinical decision
making.
Measuring rcSO2 and ΔrcSO2 during
ongoing CPR may be helpful to
terminate presumably futile CPR.
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CA = cardiac arrest, NIRS= near infrared spectroscopy, ROSC = return of spontaneous circulation, rcSO2 = regional
cerebral tissue oxygen saturation, ΔrcSO2=change in regional cerebral tissue oxygen saturation

Table 2.2 NIRS monitoring during CPR in adults with CA
Nonrandomized Trials, Observational Studies
Author; Year
Design,
Population
country
Nishiyama et
Prospective
Inclusion Criteria:
al., 2015, 16
cohort study,
Individuals who were
unresponsive during
Japan
and after
resuscitation upon
arrival at the hospital
following an OHCA
had rcSO2 measured
on arrival to hospital.
Exclusion Criteria:
trauma, accidental
hypothermia, age<18
years, completion of
the “DNAR” form and
GCS score of >8 upon
arrival at the
hospital. (n=1921)
Genbrugge et
al., 2018, 107

Study Type:
Prospective
multicentre
cohort study,
Belgium

Inclusion Criteria:
OHCA patients
NIRS measurement
pre-hospital by
emergency team.
Exclusion criteria:
age < 16 years,
technical inability
to measure rcSO2,
ROSC before or

Intervention/
Comparator
NIRS from
admission to ED
(rcSO2 %)

Appendix C: Adult data extraction tables

Main findings

Comparisons
made between
patients with
ROSC and
without ROSC
on arrival to ED

Good neurological outcome (CPC
1 or 2) in 38% of patients with
ROSC vs. 1% without ROSC on
arrival to hospital.
Median (IQR) rcSO2 levels were
significantly higher in patients
with ROSC upon arrival at the
hospital than in those without
ROSC, namely 60 (44–70) and 17
(15–25) respectively (p < 0.01).

Continuous
NIRS from
initiation of CPR
(rcSO2%)

rcSO2 evaluation might be
effective for both the monitoring
of the quality of resuscitation in
patients without ROSC upon
arrival at the hospital and
neurological prognostication in all
non-traumatic OHCA patients.
Increase in rcSO2 of at least 15%
is associated with a higher
probability of ROSC (OR 4.5;
95%CI 2.747–7.415; p < 0.01).

Comparison
between
patients with
established vs.
no established
ROSC

Dynamic cerebral saturation
measures during CPR appear to
be indicative of ROSC. Certainly,
an absolute increase of 15% or
higher in rcSO2 during ALS is
associated with ROSC.
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Engel et al.,
2019, 174

Tsukuda et
al., 2019, 33

Prospective
cohort study,
United States
of America

Prospective
cohort study,
Japan

within two minutes
after start of rcSO2,
known DNAR
Patients in whom 5%
or less of the
measured overall
rcSO2 data were
registered.
(n=329)
Inclusion Criteria:
Adults (>18 years of
age), with nontraumatic, ED and
OHCA patients,
without DNAR from
16 May 2010 through
15 March 2014.
Exclusion Criteria:
Incomplete data sets,
data that was
collected during a
second arrest and
patients who were
hypothermic on
arrival.
(n=176)
Inclusion Criteria:
All patients with
OHCA admitted to
ED, ≥18 years old,
with non-traumatic
cardiac arrest.
Exclusion Criteria:
Patients with
hypothermia and
patients who had

NIRS and ETCO2
until ROSC or
death (rcSO2%)
Comparison
between
patients with
established vs.
no established
ROSC

ETCO2 had acceptable (AUC:
0.734; OR: 1.045, p<0.01) and
rcSO2 had excellent (AUC: 0.83;
OR: 1.194; p<0.01) prediction of
futility for trending data and
average value over the last two
minutes of resuscitation efforts.

Continuous
NIRS after
arrival to ED
(TOI %)
Comparison
between
patients with
established vs.
no established
ROSC

ROSC group exhibited a higher
initial rcSO2 value (mean±SD)
than that of non-ROSC group
ROSC group
(60.5%±17.0% vs. 37.9%±13.7%;
p<0.01).
The addition of initial rcSO2 to
Utstein factors improved
discrimination between ROSC and
non-ROSC patients (OR 0.88, 95%
CI 0.82-0.95 vs OR 0.79, 95% CI

rcSO2 was overall better at
predicting return of spontaneous
circulation than ETCO2.
Higher values during
resuscitation and positive
temporal trends were associated
with greater chances of return of
spontaneous circulation.
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Singer et al.,
2018, 403

Takegawa et
al., 2019, 201

Prospective
cohort study,
United States
of America

Retrospective
cohort study,
Japan

achieved ROSC
before arrival at ED.
(n=117)
Inclusion Criteria:
Adult patients
presenting to ED with
OHCA, between
10/2011 and
10/2014, where both
rcSO2 and ETCO2
were measured and
research assistant
present.
(n=100)

Inclusion Criteria:
Patients >16 years
old with OHCA,
admitted from
December 2012 to
December 2015.
Exclusion
Criteria:
Trauma patients
requiring
thoracotomy,
patients where rcSO2

0.70-0.87: p<0.01).

NIRS and EtCO2
from ED
admission
compared with
patients
without these
measurements

Continuous
NIRS after
arrival to ED
(rcSO2 %)
Comparison
between
patients with
established vs
no established
ROSC

The optimal cut offs for rcSO2
and ETCO2 were 50% and 20 mm
Hg respectively. At these cut offs,
ETCO2 was more sensitive (100%,
95% CI 87–100 vs. 48%, 31–66)
but rcSO2 was more specific
(85%, 95% CI, 74–92 vs. 45%, 33–
57).
While poorly correlated, mean
rcSO2 and ETCO2 have similar
diagnostic accuracy. ETCO2 is
more sensitive and rcSO2 is more
specific at predicting ROSC in
OHCA. As a result, these two
measurements should be
considered complimentary. Due
to the small number of patients
and survivors, determination of
parameters to be used to
withdraw CPR is premature.
Amount of maximum rise over 16
minutes and baseline rcSO2
together were best predictors of
ROSC (AUC = 0.91). Adding the
baseline rcSO2 model led to a
significant improvement in
reclassification
(cNRI = 0.774, p< 0.05; IDI =
0.0839, p<0.05).
The combination of rcSO2
(baseline) with the amount of
maximum rise from the baseline
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could not be
obtained.
(n=90)

Prosen et al.,
2018, 141

Yazar et al.
2019, 311

Prospective
cohort study,
Slovenia

Prospective
cohort study,
Turkey

Inclusion Criteria:
Adults with OHCA of
non-traumatic origin.
Exclusion
Criteria:
Children, pregnant
patients, patients
presenting with
hypothermia or after
drowning.
(n=53)

Continuous
NIRS from
initiation of CPR
to post ROSC
management
(rcSO2 %)

Inclusion Criteria:
Patients with CA,
requiring intubation,
with agonal status
due to illness, ≥18
years old, from May
2016 to August 2017.
Exclusion
Criteria:
Patients with cranial
events such as:
cranial trauma,
intracranial
haemorrhage or

Continuous
NIRS from
initiation of CPR
to post ROSC
management.
Comparison
between
patients with
established vs.
no established
ROSC

Comparison
between
patients with
established vs.
no established
ROSC

rcSO2 value during CPR might be
a new index for the prediction of
ROSC in OHCA that could be
useful in guiding
cardiopulmonary resuscitation.
Patients reaching ROSC had
significantly higher maximum
rcSO2 levels (maximum ± SD)
than patients who did not
achieve ROSC (47% ± 14% vs. 31%
±18%; p< 0.01)
Patients who achieve
ROSC exhibit significant, rapid,
and sustained rise in rcSO2
minutes prior to attaining ROSC,
and normalization of rcSO2 levels
thereafter. In contrast,
persistently low levels of rcSO2
throughout CPR with transient
spikes in rcSO2 levels were found
to be characteristic of not
attaining ROSC.
Significant positive correlation
between the minimum and mean
rcSO2 values during CPR and the
mean 1-week FOUR scores in
survivors (r=0.811, r= 0.771 and
p=0.02, p=0.03, respectively).
Decrease of rcSO2 noted during
frequent rhythm checks in one
patient.
The results suggest that
maximum rcSO2 values affect
ROSC while the minimum and
mean rcSO2 values affect the
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ischemia, patients
post-cardiac arrest neurological
with pneumonia or
outcome.
COPD, FOUR scores
<10 before CA; or age
under 18 years.
(n=20)
OHCA = out-of-hospital cardiac arrest, DNAR=Do not attempt resuscitation, GCS=Glasgow Coma Scale, rcSO2 =
regional cerebral tissue oxygen saturation, CPC=cerebral performance categories, IQR=Interquartile range,
NIRS= near infrared spectroscopy, CA = cardiac arrest, ROSC= return of spontaneous circulation, OR=Odds ratio,
CI = Confidence Interval, CPR = cardiopulmonary resuscitation, ALS=Advanced life support, EDCA = emergency
department cardiac arrest, ETCO2 = end tidal CO2, ED = emergency department, AUC =Area under the curve,
cNRI=continuous Net Reclassification Improvement index, IDI=Integrated Discrimination Index, COPD=Chronic
Obstructive Lung Disease, FOUR=Full Outline of Unresponsiveness, SD = standardized deviation.
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B-9 Bedside ultrasound to identify perfusing rhythm (PLS 408: ScopRev)
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Atkins DL, VandeVoorde P, Maconochie I, Aicken R, Bingham R, Couto TB, de Caen A, Guerguerian AM, Nadkarni V, Ng KC, Nuthall G, Ong G, Reis A , Schexynader S, Tijssen
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cardiac arrest. Pediatric Life Support Task Force Insights [Internet] Brussels, Belgium: International Liaison Committee on Resuscitation (ILCOR) Education, Implementation, and Teams Task
Force, 2020 January 03. Available from: http://ilcor.org

Methodological Preamble

The continuous evidence evaluation process started with a scoping review of Point-of-care cardiac ultrasound during cardiac arrest conducted by the ILCOR PLS Task Force
Scoping Review team. Evidence for pediatric literature was sought and considered by Pediatric Task Force.

Scoping Review
Not published at this stage.

PICOST
Population: Infants & Children in any setting (in-hospital or out-of-hospital) with cardiac arrest
Intervention Point-of-care ultrasound (echocardiography) during cardiac arrest: the presence of variables -images, cut-off values or trends- during CPR (intra-arrest) that
can provide physiologic feedback to guide resuscitation efforts.
Comparators: the absence of such factors -images, cut-off values or trends
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Outcomes: Any clinical outcome.
Study Designs:
Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, 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 in the initial search. The minimum number of
cases for a case series to be included will be 3. Unpublished studies (e.g., conference abstracts, trial protocols) are excluded.
Timeframe: All literature from 2010 and all languages are included, as long as there is an English abstract.
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Search Strategies
Pub Med

(((((((((((((((((((Cardiopulmonary resuscitation) AND Point-of-care systems)) OR ((cardiopulmonary resuscitation) AND echocardiography, transesophageal)) OR
((cardiopulmonary resuscitation) AND echocardiography, transthoracic)) OR ((cardiopulmonary resuscitation/methods*) AND Echocardiography)) OR heart arrest/diagnostic
imaging*) OR ((out-of-hospital cardiac arrest/diagnostic imaging) AND echocardiography))) OR ((Cardiopulmonary resuscitation) AND Point-of-care systems)) OR
((cardiopulmonary resuscitation) AND echocardiography, transesophageal)) OR ((cardiopulmonary resuscitation) AND echocardiography,transthoracic)) OR ((cardiopulmonary
resuscitation/methods*) AND Echocardiography)) OR heart arrest/diagnostic imaging*) OR ((out-of-hospital cardiac arrest/diagnostic imaging) AND echocardiography)) OR
(in-hospital cardiac arrest/diagnostic imaging AND echocardiography)) AND Humans[Mesh])) OR ((in-hospital cardiac arrest) AND echocardiography AND Humans[Mesh])) OR
((in hospital cardiac arrest) AND point-of-care systems AND Humans[Mesh]) Filters: Humans

Searched Aug 14 2019 2265 articles, 2 selected
Searched Dec 6 2019 No new articles

EMBASE
Resuscitation AND transthoracic echocardiography AND diagnostic imaging
References 69
No new references
Cochrane
(Cardiopulmonary arrest AND echocardiography) OR (heart arrest AND echocardiography) or heart arrest AND diagnostic imaging or cardiopulmonary resuscitation AND
point0of-care systems)
No new references

Inclusion and Exclusion criteria

Inclusion criteria:
Studies that address the population and intervention described above are eligible for inclusion.
Use of Echocardiography during pediatric cardiac arrest
Age < 18 years
Exclusion criteria:
1. Newborn at Delivery
2. Pre-arrest ‘case’ features, not influenced by ALS: time of day, location, bystander CPR, gasping, age, etiology, initial rhythm, unwitnessed…
3. The ALS interventions themselves, performed to influence the parameters mentioned e.g. ventilation strategies, fluids, firm surface, medications given, eCPR, length and
Quality of CPR….
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4. Post-ROSC parameters such as lactate clearance, post-arrest rhythm, hypotension nor any actions to provide neuroprotective care post-ROSC.
5. Adults/animals, simulation and mannikin studies.
6. Ultrasound of other part of the body including abdomen or vascular anatomy
7. Unpublished studies (e.g., conference abstracts, trial protocols).
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Data Tables
Table 1 Pediatric studies Echocardiography during cardiopulmonary resuscitation
Author,
Design,
Population
Intervention/Comparator
Main findings
year
Country
Steffen,
Retrospective
n=3 patients
Subcostal 4-chamber
Cardiac standstill noted in all 3
2017
Case series,
IHCA Single
images obtained to assess
patients, all with ECPR. Cardiac
{Steffen
center, urban
for reversible causes of
contractility regained on ECMO
2017 58}
hospital
cardiac arrest, images
acquired by intensive care
physician.
Morgan,
Retrospective
n=5 patients
Bedside echocardiography RV dilatation and systolic
2018
case series
IHCA, Single
during CPR in patients at
dysfunction, all associated with low
{Morgan, USA
center, large
high risk for pulmonary
ETCO2. Embolus not directly seen
2018
children’s
embolism
on echocardiographic images
3229
hospital
Age15-17 years

Notes
1 patient successfully decannulated, suffered
2nd arrest 3 months later and died. ECMO
withdrawn from other two secondary to
hypoxic brain injury and complications of
ECMO
No description of location of images, all
patients at high risk for PE, all received
thrombolysis, 4 patients survived, 3 with no
neurologic injury
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Task Force Insights

1. Why this topic was reviewed.
This topic was reviewed because it had not been reviewed by ILCOR since 2010 and there has been a marked increase in use of the technology since that
time.
The current treatment recommendation:
There is insufficient evidence to recommend for or against the routine use of echocardiography during pediatric cardiac arrest. Echocardiography may
be considered to identify potentially treatable causes of an arrest when appropriately skilled personnel are available, but the benefits must be carefully
weighed against the known deleterious consequences of interrupting chest compressions
1. Narrative summary of evidence identified
Only two pediatric studies were identified. The first pediatric study, where pulmonary emboli were diagnosed, subcostal 4-chamber images were obtained
by intensive care physicians to assess for reversible causes of cardiac arrest, all patients were treated with thrombolysis and 80% survived to hospital
discharge. {Morgan2018 e229} These patients were known to be a high risk for PE and 2/5 were known to have had pulmonary emboli prior to or during
the arrest.
The other study was a published report of complete standstill, where bedside echocardiography was performed during CPR in patients at high risk for
pulmonary embolism. RV dilatation and systolic dysfunction were associated with low ETCO2. Emboli were not directly seen on echocardiographic images.
The study recognised that with the addition of ECMO, standstill during the resuscitation may not indicate complete lack of resuscitation success. {Steffen
2017 58}.
2. Narrative Reporting of the task force discussions
The use of bedside, focused echocardiography during cardiac arrest is growing in the adult and pediatric population. The technique has been
recommended by several international groups{Atkinson 2017 459} and guidelines have been published.{Levitov 2016 1206} Additionally, the American
Academy of Pediatrics has also published guidelines for point-of-care ultrasonography by pediatric emergency physicians.{Marin 2015 472} Thus, use of
the imaging technique is frequently used despite a lack of good evidence in the pediatric cardiac arrest population. The task force recognizes three
questions that pertain to the use of point-of-care ultrasound during pediatric cardiac arrest:
1. Can diagnostic level images be reliably obtained by non-cardiology sonographers
2. Can reversible causes of cardiac arrest (i.e., pulmonary embolus, cardiac tamponade) be diagnosed with high sensitivity and specificity.
3. Can the procedure be used to predict outcome?
Multiple studies demonstrate that both in-hospital and pre-hospital providers can adequately and quickly obtain images from which clinical decisions can
be made, although there is concern about delay or longer pauses in chest compressions which will have deleterious effects on outcomes.{Fitzgibbon 2019
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297; Hu 2018 193; Chin 2013 142} Pauses in CPR increased from a median of 11 seconds to a median 17 seconds when echocardiography was used.
However, implementation of a protocol shortened these pauses.{Clattenburg 2018 69; Clattenburg 2018 122} There is also inconsistency in the
interpretation of cardiac activity.{Hu 2018 193} Definitions have included synchronous change in chamber diameter, any wall motion, valve motion or
twitching. In children, acquisition of images may be more difficult related to smaller chest sizes, especially when defibrillator pads are attached. There
may be insufficient space to place the transducer without pauses in chest compressions which could be prolonged. The presence of abnormal cardiac
anatomy with baseline abnormalities in ventricular size or presence may compound difficulties in interpretation. Longjohn et al, in a study of POC
echocardiography by pediatric emergency physicians in acutely ill children specifically excluded patients with single ventricle anatomy because of the
complexity of interpreting the images as well as altered IVC physiology.{Longjohn 2011 693}
Detection of reversible causes of cardiac arrest has potential to dramatically improve outcomes. The guidelines have long recognized the need to search
for a reversible cause and the 4 H’s and 4 T’s are a common part of most algorithms. Empiric tests, potentially time-consuming, are not as necessary if a
reversible diagnosis can be made directly at the onset of the resuscitation. Diagnosis of pulmonary emboli and cardiac tamponade are well documented
in the adult literature. {Long 2018 488; Miesemer 2017 40} In the one pediatric study where pulmonary emboli were diagnosed, all patients were treated
with thrombolysis and 80% survived to hospital discharge. {Morgan2018 e229} These patients were known to be a high risk for PE and 2/5 were known
to have had pulmonary emboli prior to or during the arrest. Diagnosis of pulmonary emboli is presumed when the RV is dilated with poor function. This
may be a baseline finding in children with congenital heart disease making the diagnosis of a PE more problematic in children. Diagnosis of a pericardial
effusion with tamponade is made by a large echo-free space completely surrounding the ventricles.
Several large adult studies have reported mortality of 94-100%, in patients with out-of-hospital cardiac arrest who demonstrated cardiac standstill {Salen
2005 459; Salen 2001 610; Breitkreutz 2010 1527} The use of echocardiography to assess prognosis and especially futility is perhaps a more difficult
problem in pediatrics since differences in physiology and etiology affect outcomes. The one published report of complete standstill demonstrated that
with the addition of ECMO, standstill during the resuscitation may not indicate complete lack of resuscitation success. {Steffen 2017 58}
There is significant cost associated with purchase of equipment and training of users. This may limit its use, especially in limited resource settings.
Although the Task Force recognizes that this technology is undergoing great acceptance with the pediatric critical care, emergency and resuscitation
communities and has great potential within the pediatric population, the Task Force urges caution is extrapolating directly from the adult studies. There
are significant differences in etiology, anatomy, and technical issues which may impact the usefulness and accuracy of echocardiography during cardiac
resuscitation.
Echocardiography may be able to identify potentially treatable causes of an arrest when appropriately skilled personnel are available, but the benefits
must be carefully weighed against the known deleterious consequences of interrupting chest compressions. Additionally, there is inadequate data in the
pediatric literature about intra-arrest prognostic value and the Task Force urges great caution until more literature is available.
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This scoping review has not identified sufficient new evidence to prompt new systematic reviews or reconsideration of current resuscitation
guidelines/treatment recommendations,

Knowledge Gaps
There were no prospective or controlled trials of cardiac ultrasound during pediatric cardiac arrest. Surrogate and short-term outcomes such as ability
to make or confirm a reversible diagnosis and documentation of cardiac standstill were the only outcomes studied.
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Methodological Preamble and Link to Published Scoping Review
The continuous evidence evaluation process started with a scoping review of EtCO2 and EtCO2-directed resuscitation in paediatric cardiac arrest, conducted by the
ILCOR PLS Task Force Scoping Review team. Evidence from adult and pediatric literature was sought and considered by the PLS Task Force.

Scoping Review
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Pending

PICOST
The PICOST (Population, Intervention, Comparator, Outcome, Study Designs and Timeframe)

Population: Infants & Children in any setting (in-hospital or out-of-hospital) with cardiac arrest
Intervention: the presence of variables -images, cut-off values or trends- during CPR (intra-arrest) that can provide physiologic feedback to guide resuscitation
efforts, namely: end-tidal CO2

Comparators: the absence of such factors -images, cut-off values or trends.
Outcomes: Any clinical outcome.
Study Designs: STEP 1: Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled

before-and-after studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. If it is anticipated that
there will be insufficient studies from which to draw a conclusion, case series may be included in the initial search. The minimum number of cases for a case series to
be included can be set by the ESR after discussion with the priority team or taskforce. Unpublished studies (e.g., conference abstracts, trial protocols) are excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above but considered
informative as additional evidence – taking into account severe indirectness- for the development of the final taskforce insights.

Timeframe: For STEP 1, all languages are included, as long as there is an English abstract. We searched articles from 2015 onwards. For STEP 2, if a systematic or
scoping review of high quality (as per AMSTAR 2 tool) is identified, search can be limited to beyond data and/or scope of that review.

Active and Reposed PICOs Related to scope of work for this PICOST:
P 827 EtCO2 Monitoring During CPR
2015 Consensus on Science:

We did not identify any evidence to address the important outcome of survival to hospital discharge or the critical outcome of neurologically intact survival. For
the important outcome of ROSC, we identified very-low-quality evidence (downgraded for very serious indirectness and imprecision) from 1 pediatric animal
RCT study that showed EtCO2-guided chest compressions are as effective as standard chest compressions optimized by marker, video, and verbal
feedback.{Hamrick 2014 e000450)
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2015 Treatment Recommendation:

The confidence in effect estimates is so low that the panel decided a recommendation was too speculative.

Search Strategies

We searched PUBMED and Embase with consideration of the predefined inclusion criteria (initial: 15/08/2020 - final review: 10/01/2020). We combined the
following terms using Bolean operators: life support care, cardiopulmonary resuscitation, ROSC, heart arrest, cardiac arrest using both individual (ti,ab,kw)
and related MESH terms, as well as exploded terms within Embase. We combined these with the terms: end tidal carbon dioxide, carbon dioxide end tidal,
end tidal pCO2, EtCO2, capnography (again both individual and MESH terms, and Embase exploded terms). Complete search strategies used are included at
the end of this document.
We identified 429 articles after elimination of duplicates. For the subsequent screening by title we excluded only those studies that clearly did not have
EtCO2 as study focus or obviously had one of the other pre-defined exclusion criteria.
We included 123 abstracts for review. 6 were deleted because of being duplicates. Two reviewers then evaluated these 117 abstracts for final inclusion.
100% consensus was reached after a first blinded individual review (Rayyan.qrci.org) and a subsequent discussion about 1 abstract (2 abstracts considered
for step 1, 42 for step 2). After subsequent full text review, we finally identified 2 observational trials for step 1. In step 2 we identified 3 adult studies and 6
animal studies (from 2015 onwards). Finally, a follow-up review (10/01/2020) identified 4 additional adult papers.

Inclusion and Exclusion criteria

As part of a cluster of scoping reviews focussing on those variables that can be measured or monitored during the provision of ALS and before ROSC. The
variables under consideration are those that have potential to provide (physiologic and/or haemodynamic) feedback to the resuscitating team, potentially
guiding their actions to improve outcome, and which might predict outcome. Inclusion criteria as per PICOST above.
Exclusions include:
1/ Newborn at Delivery
2/ Pre-arrest features, not influenced by ALS: time of day, location, bystander CPR, gasping, age, etiology, initial rhythm, unwitnessed…
3/ Standard ALS interventions e.g. ventilation strategies, fluids, firm surface, medications given, eCPR, length and Quality of CPR….
4/ Post-ROSC parameters such as lactate clearance, post-arrest rhythm, hypotension nor any actions to provide neuroprotective care post-ROSC.
Adult data are only considered in step 2 as both the etiology and pathophysiology of paediatric arrest differs substantially (serious indirectness). Moreover,
the complexity or impact of obtaining the variable under study will likely differ e.g. advanced airway for capnography. Finally, animal data are considered in
step 2 but -as human data are available- mostly to inform the knowledge gaps and possible future research agenda.
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Outcome might include: Quality of CPR, ROSC, survival to discharge, (changes in) functional outcome at discharge or other time points.

Data tables
Non-RCT OR OBSERVATIONAL
(acronym); Author; Year Published
1. Stine 2019 e01871
Results primary endpoints
(P value; OR or RR; & 95% CI)
Summary/Conclusion - Comments

2. Berg 2018 173
Results primary endpoints
(P value; OR or RR; & 95% CI)
Summary/Conclusion - Comments

Study type/design; Study size (N)

Patient Population
(inclusion criteria)

Retrospective single-centre
IHCA (PICU-CVICU) infants ≤ 6m;
observational study; N=49
US, 2008-2012
Ability of EtCO2 to predict ROSC: The highest positive predictive values were
seen for EtCO2 values between 17 and 18 mmHg, reaching a PPV of 0.885
The authors point out the importance of this as an alternative to the still
existing practice of evaluation by auscultation (which may cause a long
hands-off time). However, auscultation is (or should be) clearly only part of
practice in infants at delivery (transition at birth) and not in infant CPR
anyhow.
Prospective. multicentre
IHCA (60% <1y old)
US, 2013-2016
observational study; N= 43 with 48
CPR events
No association was found between any mean EtCO2 (as such or per CPR
minute epoch) and any outcome (ROSC, survival…).
In general, the CA events described where of short duration (mean 5 minutes,
65% less than 10 minutes) and the quality of CPR was presumed to be high
(dedicated teams, mostly on ICU). This resulted in a ROSC fraction of 73%
(and a survival to discharge in 37.2%). Importantly Berg et al found no
association between any mean EtCO2 (as such or per CPR minute epoch) and
any outcome. From the three patients with EtCO2 below 10 mmHg for every
minute of epoch, there was one survivor. There was a relation of EtCO2 with
ventilation rate in that the mean EtCO2 decreased 3.6 mmHg [1.3-6] for every
10/minute increase in ventilation. Surprisingly, the mean ventilation rate for
these children in CA was 29/minute [24-35] (being mechanically ventilated).
On the other hand, there was no correlation of EtCO2 with diastolic blood
pressure targets, which drives coronary perfusion. Three patients who
reached proper diastolic targets, did so despite a mean etC02 below 15
mmHg. In two it was < 10 mmHg.

Task Force Insights

1. Why this topic was reviewed.
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Ideally, physiologic monitoring and feedback to the clinician during cardiac arrest resuscitation would allow rescuers to monitor (and adjust) quality of CPR,
and to predict (and influence) the likelihood of return of spontaneous circulation and subsequent neurologic recovery. As such, this physiologic monitoring
could lead to a form of ‘individualised’ CPR, where actions are altered to match with individual needs and responses of the victim in cardiac arrest.
End-tidal carbon dioxide (EtCO2) monitoring was initially recommended to confirm tracheal tube placement, but also seemed to offer an estimate of chest
compression effectiveness and indirectly of cardiac output, pulmonary blood flow, and coronary perfusion pressure. A rapid increase in EtCO2 may be
associated with ROSC, and sustained decline or persistently low values may be associated with the absence of ROSC.
2. Narrative summary of evidence identified
We identified two observational studies {Berg 2018 173; Stine 2019 e01871}. Only the study of Berg et al seems to really inform our PICOST question. Berg
et al found no association between any mean EtCO2 (as such or per CPR minute epoch) and any outcome. From the three patients with EtCO2 below 10
mmHg for every minute of epoch, there was one survivor. There was a relation of EtCO2 with ventilation rate in that the mean EtCO2 decreased 3.6 mmHg
[1.3-6] for every 10/minute increase in ventilation. Surprisingly, the mean ventilation rate for these children in CA was 29/minute [24-35] (being
mechanically ventilated). On the other hand, there was no correlation of EtCO2 with diastolic blood pressure targets, which drives coronary perfusion. Three
patients who reached proper diastolic targets, did so despite a mean EtC02 below 15 mmHg. In two it was < 10 mmHg.
To further explore the topic, we also looked at indirect evidence from adult and animal studies (STEP 2).
As part of the ILCOR 2015 evidence evaluation process a systematic review (and meta-analysis) of the use of EtCO2 in adult cardiac arrest was performed. A
detailed systematic review was published in 2018 {Paiva 2018 }. This systematic review included 17 observational studies (n=6198; studies up till December
2016), of which five were appropriate for meta-analysis. The majority concerned OHCA. There were no paediatric studies found. They found only limited
evidence (of at most low certainty) to suggest a relation of EtCO2 above 10 mmHg and 20 mmHg respectively with increased likelihood for ROSC. Values of
EtCO2 below 10 mmHg after 20 minutes of CPR had a 0.5% likelihood of ROSC, and this might inform - according to the authors - discussions about futility.
Further on, Sheak et al {Sheak 2015 149} described a multicentre cohort of 583 adult patients (constituting 29028 fifteen second epochs). For every 10 mm
compression depth increase, EtCO2 increased 1.4 mmHg. For every increase of ventilation rate with 10 breaths/minute, EtCO2 decreased 3mmHg.
Sutton et al {Sutton 2016 76} described 803 adult OHCA (as part of a much larger cohort looking at physiologic variables to monitor CPR quality). Survival to
discharge and favourable neurological outcome were significantly higher if the EtCO2 during CPR was above 10 mmHg. The Odds Ratio for survival to
discharge was 2.41 [95% CI 1.35-4.3].
Savastano et al {Savastano 2017 71} described 207 shock events in 62 patients with VF-cardiac arrest. Shock success was clearly different for those events
with ‘mean EtCO2 in the minute before shock’ values below 20mmHg (50%) versus above 30mmHg (78%). None of the shocks with EtCO2 values below 7
while all of the shocks with EtCO2 >45 were successful.
Poppe et al (Poppe 2019 524) reported data from adult non-shockable OHCA victims (with an advanced airway in situ; 2013-2015, Vienna). Only 526 from a
total group of 2223 patients met the inclusion criteria. They found that the odds of sustained ROSC and survival were significantly higher for patients
presenting with higher values of initial EtCO2 (>45 mmHg): 3.59 [95% CI 2.19 to 5.85] P = 0.001 and 5.02 [95% CI 2.25 to 11.23] P = 0.001, respectively. On
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the contrary EtCO2 levels less than 20 mmHg were associated with significantly poorer outcomes (OR sustained ROSC 0.29 [95% CI 0.17; 0.49]); there was
however no significant difference in survival between the EtCO2 groups 20 to 45 mmHg and less than 20 mmHg.
Skulec et al (Skulec 2019 334) observed 30 patients (results available in 18) with pre-hospital CA comparing EtCO2 levels with results from transthoracic
echocardiography. The compression index of LV (LVCI) and RV (RVCI) was calculated as (maximal - minimal/maximal diameter) × 100. Maximal compression
index (CImax) defined as the value of LVCI or RVCI, whichever was greater was also assessed. They identified a positive correlation of EtCO2 with LVCI
(r = 0.672, p < 0.001) and RVCI (r = 0.778, p < 0.001). The strongest correlation was between EtCO2 and CImax (r = 0.859, p < 0.001). We identified that a
CImax cut-off level of 17.35% predicted to reach an EtCO2 level > 20 mmHg with 100% sensitivity and specificity.
Javaudin et al (Javaudin 2019 1) reported data from the French OHCA registry (retrospective, multicentre, 2011-2018). EtCO2 was available in 32249 of
53048 eligible adults. They specifically looked at the maximum value of EtCO2 during CPR. The AUROC of that maximum value to achieve ROSC was 0.887
[95% CI 0.875-0.898] in traumatic OHCA, 0.772 [95% CI 0.765-0.780] in suspected cardiac etiology and 0.802 [95% CI 0.791-0.812] in suspected respiratory
etiology. The threshold with no survivors at d-30 was <10 mmHg for traumatic etiologies and <6 mmHg for suspected cardiac and respiratory causes. The
probability of ROSC increased with the value of EtCO2 in all studied etiologies.
Finally, Engel et al (Engel 2019 174) performed a prospective observational study in 176 CA adults resuscitated in the ED, comparing EtCO2 and Cerebral
Oximetry (CerOx) for ROSC prediction. AUC predictors of ROSC were: last 5 min trend [CerOx = 0.82 ; EtCO2 = 0.74], delta first to last [CerOx = 0.86 ;
EtCO2 = 0.73], the penultimate minute [CerOx = 0.81 ; EtCO2 = 0.76], and final minute [CerOx = 0.89 ; EtCO2 = 0.77]
Finally, we also reviewed recent animal research date (from 2015 onwards). The identified data came from three research groups.
Lampe et al {Lampe 2015 69} found in a swine model of VF arrest no significant correlation between EtCO2 and compression depth or blood flow.
Hamrick et al {Hamrick 2017 e575}, in a piglet-model of cardiac arrest, compered real time video/verbal feedback with EtCO2-directed CPR. In the latter
group there were 7 survivors (out of 14 piglets), compared to only 2 in the verbal feedback group. There was no effect of epinephrine observed. Interestingly,
compression rates largely exceeding current guidelines (143 ± 10/minute) were needed in the EtCO2 directed group.
O’Brien et al {O’Brien 2018 e009728} in 10 piglets also identified that a faster compression rate was necessary to meet EtCO2 goals but saw no changes in
myocardial perfusion pressure when CPR was EtCO2-directed.
Hamrick et al {Hamrick 2019 e352} in an asphyxia arrest piglet model found a clear difference in ROSC rate for EtCO2-directed resuscitation (9 vs. 3 survivors
out of 14) for an asphyxia duration of 17 minutes. This difference was lost if the asphyxia time was prolonged to 23 minutes.
Morgan et al {Morgan 2016 6} did an RCT in 60 3-month-old swine, with primary VF or asphyxia-associated arrests. The Area-under-curve (AUC) for diastolic
blood pressure was clearly superior to EtCO2 for survival (0.82 vs 0.6).
Ryu et al {Ryu 2016 1012} found in 16 piglets a clear relation between compression depth and both systolic blood pressure (immediate effect, AUC 0.8950.939) and EtCO2 (similar AUC but delay of about 30 seconds). Epinephrine administration changed blood pressure but not EtCO2 values.
3. Narrative Reporting of the task force discussions
Cardiac arrest, and especially OHCA, still has an overall poor prognosis. High quality CPR improves outcome, but what constitutes the best possible CPR for
an individual patient is still based on limited evidence and probably differs between patients and etiologies. Having better parameters to guide CPR and
adjust it to the need of the individual patient is therefore essential.
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Importantly, an advanced airway is required to accurately monitor EtCO2. In children, as in adults, the desirable effects of placing an advanced airway
during CPR needs to be balanced by the potential undesirable effects (for this we refer to the specific COSTR on advanced airway placement in paediatric
cardiac arrest). Both identified paediatric studies only focused on patients in the intensive care unit, many of whom are already intubated before arrest,
which might be considered a specific subpopulation.
To further inform our insights, we also reported on adult and animal studies, however pathophysiological differences between adults and children are such
that extrapolation should be done very cautionary (serious indirectness presumed).
EtCO2 is thought to relate to cardiac output and perfusion. However, it was not associated with diastolic blood pressure nor with any pre-defined outcomes
in the Berg et al study{Berg 2018 173}. This might be because EtCO2 is also affected by minute volume and ventilation:perfusion matching. It is important to
recognise that the study by Berg et al was only descriptive in nature and thus at no point evaluated of the outcomes associated with EtCO2-directed CPR
(regardless of current guidelines).
This scoping review has not identified sufficient new evidence to prompt either a new systematic review or reconsideration of current resuscitation
guidelines/treatment recommendations.
The use of EtCO2 to confirm endotracheal tube positioning is beyond the scope of the current review.

Knowledge Gaps
The true value of EtCO2-directed resuscitation stills needs to be clarified in future research. Animal data suggest EtCO2-directed resuscitation might make a
difference in outcome but only if deviation from existing guidelines is allowed at the same time. Importantly its place will also have to be evaluated in relation
to other intra-arrest factors like arterial diastolic blood pressure.
Further on, the interpretation and use of EtCO2 might be different for different cardiac arrest circumstances and aetiologies (eg. asphyxia-related versus
primary VF, initial rhythm) and this too should be focus of future research.
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SEARCH STRATEGY (RESULTS 10/01/2020)
PUBMED
#1: “end tidal carbon dioxide”[TIAB] OR “carbon dioxide end tidal”[TIAB] OR “'end tidal pco2”[TIAB] OR “etCO2” [TIAB] OR “capnography”[Mesh] OR
“capnography”[TIAB]: 4901
#2: “life support care” [MESH] OR “life support” [TIAB] OR cardiopulmonary resuscitation [MESH] OR “cardiopulmonary resuscitation” [TIAB] OR ROSC
[TIAB] OR “return of spontaneous circulation” [TIAB] OR heart arrest [MESH] OR “cardiac arrest [TIAB]: 73505
#3: #1 AND #2: 396
#4: #3 NOT ("Letter"[Publication Type] OR "Editorial"[Publication Type] OR “Comment"[Publication Type]): 357
#5: #4 NOT (animals [mh] NOT humans [mh]): 294
#6 = STEP 1: #5 AND (infan* OR baby OR baby* OR babies OR toddler* OR minors OR minors* OR kid OR kids OR child OR child* OR children* OR
schoolchild* OR schoolchild OR school child[tiab] OR school child*[tiab] OR adolescen* OR juvenil* OR youth* OR teen* OR under*age* OR pubescen* OR
pediatrics[mh] OR pediatric* OR paediatric* OR peadiatric* OR school[tiab] OR school*[tiab]): 64
#7 = STEP 2: (#4 NOT #6) Filters: published in the last 5 years:112

EMBASE
#1: 'end tidal carbon dioxide tension':ti,ab,kw OR 'end tidal carbon dioxide tension'/exp: 7917
#2: ‘heart arrest’:ti,ab,kw OR ‘heart arrest’/exp: 96742
#3: #1 AND #2 AND [embase]/lim NOT ([embase]/lim AND [medline]/lim):212
#4: #3 AND ([english]/lim) AND [2014-2020]/py:135
#5 = STEP 1: #4 AND ([newborn]/lim OR [infant]/lim OR [child]/lim OR [preschool]/lim OR [school]/lim OR [adolescent]/lim):17
#6 = STEP 2: #4 NOT #5:118
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PBLS: CPR AND CPR QUALITY

Worksheet author(s): Van de Voorde

Appendix C-1
2020 Evidence Update Worksheet
Pulse Check Accuracy (PLS 393: EvUp)

Council: ERC
Date Submitted:
PICO / Research Question: PLS 393 (ERC RR 19.7)
Amonginfantsandchildrenwhoareincardiacarrestinanysetting(P),doesapulsecheck(I),comparedwithassessment for signs of
life (C), change outcome (O)?
Adjusted:
P: infants and children who are in cardiac arrest in any setting
I: manual pulse check
C:

1/ assessment for signs of life
2/ alternative methods of pulse check

O: all
Type: intervention/diagnostic
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Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later)
that concern directly the population and intervention described above.
STEP 1: Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled
before-and-after studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case
series are included if they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference
abstracts, trial protocols) are excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined
above but considered informative as additional evidence – taking into account severe indirectness- for the final evaluation of the writing
group’s conclusions regarding the implications for practice and research.
Timeframe: For STEP 1, allyears and alllanguages areincluded, as long as thereisanEnglishabstract. Ifin Step 0 areview, guidelineor COSTR of
high quality is withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in case
ofahigh-quality review, guideline or COSTR, search can belimited tobeyonddates and/orscope ofthat

Additional Evidence Reviewer(s): Johannesdottir
Conflicts of Interest (financial/intellectual, specific to this question): _ Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: PLS 002
Consensus on Science
Thirteen LOE 5studies observedthat neitherlaypersons nor healthcare providers are able to perform an accurate pulse check in healthy adults or infants within10
seconds.In2LOE5studiesinadultsand2LOE3studiesinchildrenwithnon-pulsatilecirculationblindedhealthcareproviderscommonlyassessed pulse status
inaccurately and their assessment often took>10seconds. In thepediatricstudies, healthcareprofessionalswereable toaccurately detecta pulsebypalpation
only80%ofthetime.Theymistakenlyperceivedapulsewhenitwasnon-existent14%to24%ofthetimeandfailedtodetectapulse whenpresent in 21% to 36%
of theassessments. Theaverage time to detect an actualpulsewas approximately 15 seconds, whereas theaverage timeto confirmtheabsenceofapulsewas30
seconds.Becausethepulselesspatientswerereceivingextracorporealmembraneoxygenation(ECMO)support,one must be cautiousin
extrapolating these data to the arrest situation; all pulseless patients did have perfusion and thereforehad signs of circulation as evidenced by warm skin
temperature withbriskcapillaryrefill. Allpatientsevaluatedwerein an intensive care unit(ICU) setting withoutongoing CPR.

Treatment Recommendations
Palpation of a pulse(or its absence) is notreliable as thesoledeterminant of cardiacarrest and needfor chest compressions. If thevictim is unresponsive, not
breathing normally, and there areno signs of life, lay rescuers should begin CPR.
In infants and children with no signs of life, healthcare providers should begin CPR unless they can definitely palpate a pulse within 10 seconds.
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2010 Search Strategy: /
Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):
31.
32.
33.
34.

Bahr J, Klingler H, Panzer W, Rode H, Kettler D. Skills of lay people in checking the carotid pulse. Resuscitation. 1997;35:23–26.
Brearley S, Shearman CP, Simms MH. Peripheral pulse palpation: an unreliable physical sign. Ann R Coll Surg Engl. 1992;74:169–171.
Cavallaro DL, Melker RJ. Comparison of two techniques for detecting cardiac activity in infants. Crit Care Med. 1983;11:189 –190.
Inagawa G, Morimura N, Miwa T, Okuda K, Hirata M, Hiroki K. A comparison of five techniques for detecting cardiac activity in infants. Paediatr Anaesth. 2003;13:141–146.
Kamlin CO, O’Donnell CP, Everest NJ, Davis PG, Morley CJ. Accuracy of clinical assessment of infant heart rate in the delivery room. Resuscitation. 2006;71:319 –321.
35. Lee CJ, Bullock LJ. Determining the pulse for infant CPR: time for achange? Mil Med. 1991;156:190–193.
36. Mather C, O’Kelly S. The palpation of pulses. Anaesthesia. 1996;51: 189–191.
37. Ochoa FJ, Ramalle-Gomara E, Carpintero JM, Garcia A, Saralegui I. Competence of health professionals to check the carotid pulse. Resuscitation. 1998;37:173–175.
38. Owen CJ, Wyllie JP. Determination of heart rate in the baby at birth. Resuscitation. 2004;60:213–217.
39. Sarti A, Savron F, Casotto V, Cuttini M. Heartbeat assessment in
infants: a comparison of four clinical methods. Pediatr Crit Care Med. 2005;6:212–215.
40. Sarti A, Savron F, Ronfani L, Pelizzo G, Barbi E. Comparison of three sites to check the pulse and count heart rate in hypotensive infants. Paediatr Anaesth.2006;16:394 –
398.
41. Tanner M, Nagy S, Peat JK. Detection of infant’s heart beat/pulse by caregivers: a comparison of 4 methods.
J Pediatr. 2000;137:429 – 430.
42. Whitelaw CC, Goldsmith LJ. Comparison of two techniques for deter- mining the presence of a pulse in an infant. Acad Emerg Med. 1997;4: 153–154.
43. Dick WF, Eberle B, Wisser G, Schneider T. The carotid pulse check revisited: what if there is no pulse?
Crit Care Med. 2000;28: N183–N185.
44. Eberle B, Dick WF, Schneider T, Wisser G, Doetsch S, Tzanova I. Checking the carotid pulse check: diagnostic accuracy of first responders in patients with and without a
pulse. Resuscitation. 1996;33:107–116.
45. Tibballs J, Russell P. Reliability of pulse palpation by healthcare per- sonnel to diagnose paediatric cardiac arrest. Resuscitation. 2009;80: 61–64.
46. Tibballs J, Weeranatna C. The influence of time on the accuracy ofhealthcare personnel to diagnose paediatric cardiac arrest by pulse palpation. Resuscitation.
2010;81:671– 675.

.

2019 Search Strategy:
Database searched: Pubmed - Embase
Date Search Completed: 1 DEC 2019
Used terms
•
•
•

•

pulse check – pulse – signs of life – gasp* (no added value of recognition – identif*), either as individual term
(ti,ab,kw) or related MESH Term; combined using Bolean operators
specific blocks defined for certain indicators:
o paediatric:todefinethe‘paediatricpopulation’we usedthepredefinedBMIblock(https://blocks.bmionline.nl)
o cardiac arrest: CPR/cardiac arrest: “life support care” [MESH] OR “life support” [TIAB] OR
cardiopulmonary resuscitation [MESH] OR “cardiopulmonary resuscitation” [TIAB] OR ROSC [TIAB] OR
“return of spontaneous circulation” [TIAB] OR heart arrest [MESH] OR “cardiac arrest” [TIAB]
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o To exclude NOT "Letter"[Publication Type] OR"Editorial"[Publication Type] OR“Comment"[Publication
Type])
For Embase weprefilteredto avoid Medlineduplicatesby using[embase]/lim NOT([embase]/lim AND
[medline]/lim)
o Cardiac arrest: (resuscitation:ti,ab,kw OR'resuscitation' OR'resuscitation'/exp ORresuscitation OR
'heart' OR 'heart'/exp OR heart) AND (arrest:ti,ab,kw OR 'heart' OR 'heart'/exp OR heart) AND ('arrest' OR
'arrest'/exp OR arrest)

Downloaded
from www.aappublications.org/news
guest on November
20202: ‘adult’ 305 / 2
Search Results (Number of articles
identified
/ number identified asbyrelevant):
183 +18,
step

STEP 0: for this we also refer to the scoping review on the use of US as an intra-arrest parameter STEP 1: 2
STEP 2: 14 ‘adult’
Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex: Infants or Children not in cardiac arrest, studies primarily concerning other ALSinterventions; animal studies; letters, editorials
or comments; unpublished studies (e.g., conference abstracts, trial protocols), no English abstract; Newborn at Delivery
Key Themes
Theme1:accuracyofmanualpulsecheckversussignsoflife Theme2:Impactofmanual pulsecheckondurationofCPRpauses
Theme 2: the use of Doppler US or Cardiac US to identify pulse presence (cfr. Scoping review on intra-arrest factors)
Theme 3: the use of photoplethysmography or accelerometer sensor data to identify pulse presence
Link to Article Titles and Abstracts for 2019 search (if available on PubMed):
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Summary of Evidence Update:
Non-RCT OR
OBSERVATIONAL
(acronym); Author; Year
Published
1. Tibbals 2010 671

Results primary endpoints
(P value; OR or RR; &
95% CI)
Summary/Conclusion Comments

2. O’Connell 2019 ahead of
print pii: S03009572(19)30575-1

Results primary endpoints
(P value; OR or RR; &
95% CI)

Summary/Conclusion Comments

Study type/design; Study
size (N)

Patient Population
(inclusion criteria)

Interventional trial n=153
rescuers – ‘blinded’ pulse
detectionat brachialsite

82 nurses – 71 doctors,
different levels of
experience;
in 17 children with nonpulsatile
flow
Accuracy ofmanual ‘brachial’pulse detection 78%(sens
0.76 spec 0.79; higher accuracy if experienced); time of pulse
absent detection (experienced 25+-14 seconds –
unexperienced 37+-24 seconds)
Subsequent study from same authorthat informed 2010
COSTR providing similar results. Manual palpation of pulse
by healthcare professionals is in itself not sufficiently accurate
to allow for decision makingduringCPRandmightinduceCPR
pausesbeyond10seconds to do so. It has to be pointed out
that pulse detection was done at the brachial artery for all
ages, which may have impacted the test
performance data.
Observational study n=81
Pediatric cardiac arrest –
cardiac arrest events (900
30 months 2 pediatric ED
pauses). Video review for
(video review)
AHA guideline
adherence
Median pauseduration 4s,IQR[2,10]. 22% of pauses >10s.
Pulse check in 23% of pauses, 62% ofwhich prolonged.
Median pause duration for pulse check (91% femoral) was 15s
[7,27]. Coordinated pauses (pulse check, rhythm check,
change compressor) only in 6% but long in duration (19s
[11,30]). Significant shorter pause duration if singlepulse site
and fingers ready pre-pause, butstillwith a median
duration above 10s.
Manual palpationof pulse by healthcare professionals might
induce
CPR pauses beyond 10 seconds in the majority of pediatric
cardiac arrest cases.

STEP2 ‘Background’: Adult (and simulation) studies equally identified suboptimal accuracy and impact on CPR pauses (Kessler

2017 e311; Schwartz 2019 S128, Kessler 2017 e311). Moreinteresting, alternative methods tomanual pulsecheckarenow
being exploredthat might havebettertestperformanceand eventuallyimpactoutcome. Theseincludecardiac ultrasound
(furtherdescribedin RR32.3; Zengin 2018 59, Simard 2019 674, Badra 2019 17), femoral doppler (Schwartz 2019 S128),
photoplethysmography (Hubner 2019 S0735; Lee 2019 e023627),accelerometersensor-basedalgorithms(Dellimore
20163531)andevensolely ECGbaseddetectionalgorithms.

Reviewer Comments (including whether meet criteria for formal review):
Nostudies actuallycompare manual pulse checkto‘signs oflife’ inanRCT design.‘Signs ofLife’ as suchwereimplemented as partof
theguidelinesoutoffearof‘falsenegatives’andthusnotprovidingCPRwhereneeded.Itwasconsideredthatthe opposite
(startingCPRinthose notneedingiti.e.‘falsepositives’) waslessof aworry.Someevidenceevensuggestsa positive impact on
outcomebyproviding CPRtochildrenwith‘non-pulseless’ bradycardiaandseverelyimpaired perfusion(Donoghue 2009 1541).
Downloaded from www.aappublications.org/news by guest on November 18, 2020
Considering all this, thereseemsto
be noreasontochangecurrent guidance or proceed with anewformal review.

Theidentificationof‘pulseless’ cardiacarrestsandROSCinALSrelies onevaluationofcirculation, includingalsothemanual palpation
of pulses. Althoughexperiencedhealthcare providers show better performance, the risk of both type 1 andtype 2 error and
prolongedCPR pauses isstillsignificant. Duringadvancedlife supportthe detectionof circulationmayinclude other intra-arrest
parameterssuchasETCO2,bloodpressure,SpO2etc...(seealsothescopingreviewonintra-arrestfactorsforthe place and remit of
POCUS for pulse detection)

Reference list

1. Tibballs J, Weeranatna C. The influence of time onthe accuracy of healthcare personnel to diagnose paediatric
cardiac arrest by pulse palpation. Resuscitation. 2010 Jun;81(6):671-5
2. O'Connell KJ, Keane RR, Cochrane NH, Sandler AB, Donoghue AJ, Kerrey BT, Myers SR, Vazifedan T, Mullan PC.
Pauses in compressions during pediatric CPR: Opportunities for improving CPR quality. Resuscitation. 2019
Aug 14. pii:
S0300-9572(19)30575-1
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Appendix C-2
2020 Evidence Update Worksheet
One hand vs two hand compressions for children (PLS 375: EvUp), combined with: Circumferential
compressions for infants (PLS 416: EvUp)
Worksheet author(s): DeLucas
Council: ERC

Date Submitted:

PICO / Research Question: PLS 375 + 416 (ERC RR21)
Among children who are in cardiac arrest in any setting (P), does one hand chest compressions (I), compared with two hand
chest compressions (C), change outcome (O)?
&
Among infants who are in cardiac arrest in any setting (P), does delivery of two-thumb chest compression without
circumferential squeeze (I), compared with two-thumb chest compression with circumferential squeeze (C),change outcome
(O)?
Adjusted:
P: infants and children who are in cardiac arrest in any setting
I: doesthemethodofchestcompression
1/ two hand
2/onehand
3/ circumferential 4/ two fingers
5/ a specific other method 6/ a specific location
C: compared to another method or location
O: all
Type: intervention
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Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later) that
concern directly the population and intervention described above.
STEP1:Randomizedcontrolledtrials (RCTs)andnon-randomizedstudies(non-randomizedcontrolledtrials,interruptedtimeseries,controlled before-and- after
studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case series are included if they
include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference abstracts, trial protocols) are
excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above but
considered informative as additional evidence – taking intoaccountsevere indirectness- for the final evaluationofthe writing group’s conclusions
regarding the implications for practice and research.
Timeframe: For STEP 1, allyears and alllanguagesareincluded, as long as thereisan English abstract. Ifin Step 0 areview, guidelineor COSTR of high quality
is withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in case ofahigh-quality
review, guideline or COSTR, search can belimitedtobeyond dates and/orscope ofthat

Additional Evidence Reviewer(s): Turner – Djakow – Van de Voorde
Conflicts of Interest (financial/intellectual, specific to this question): _
Year of last full review: 2010

Downloaded from www.aappublications.org/news by guest on November 18, 2020

Last ILCOR Consensus on Science and Treatment Recommendation: PLS 33 + 24
Consensus on Science
Therearenooutcomestudiescomparing1-versus2-handchestcompressionsforchildrenincardiacarrest.Evidencefrom1LOE5randomizedcrossover childmanikinstudy
showedthathigherchest-compressionpressuresaregeneratedbyhealthcareprofessionalsusingthe2-handtechnique.TwoLOE5 studiesreportnoincreaseinrescuer
fatiguecomparing1-handwith2-handchestcompressionsdeliveredbyhealthcareproviderstoachild-sizedmanikin.

Recommendations
Either a 1- or 2-hand technique can be used for performing chest compressions in children.

Consensus on Science
There are no studies that compare the 2-thumb chest compression technique with and without a “circumferential squeeze” in infants.

Treatment Recommendations
There are insufficient data for or against the need for a circumferential squeeze of the chest when performing the 2-thumb technique of external chest compression for
infants.

2010 Search Strategy:
Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):
196. Stevenson AG, McGowan J, Evans AL, Graham CA. CPR for children:
one hand or two? Resuscitation. 2005;64:205–208.
197. PeskaE,KellyAM,KerrD,GreenD.One-handedversustwo-handedchest compressions in
paediatric cardio-pulmonary resuscitation. Resuscitation. 2006;71:65–69.
198. Udassi JP, Udassi S, Theriaque DW, Shuster JJ, Zaritsky AL, Haque IU. Effect of alternative
chest compression techniques in infant and child on rescuer performance. Pediatr Crit Care Med. 2009;10:328 –333..

2019 Search Strategy:
Database searched: Pubmed - Embase
Date Search Completed: 1 DEC 2019

Used terms:
•

chestcompression, two fingers, two thumbencircling, Thaler, circumferential, one hand, two hand, chestcompression method or
technique, chestcompressionlocation, chest compressionpoint; either as individual term (ti,ab,kw) or related MESH Term;
combined using Bolean operators

•

Specific blocks defined for certain indicators:

paediatric:todefinethe‘paediatricpopulation’weusedthepredefinedBMIblock(https://blocks.bmi-online.nl)
cardiac arrest: CPR/cardiac arrest: “life support care” [MESH] OR“life support” [TIAB] ORcardiopulmonary
resuscitation [MESH] OR “cardiopulmonary resuscitation” [TIAB] OR ROSC [TIAB] OR “return of spontaneous
circulation” [TIAB] OR heart arrest [MESH] OR “cardiac arrest” [TIAB]
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o To exclude NOT "Letter"[Publication Type] OR"Editorial"[Publication Type] OR“Comment"[Publication Type])
ForEmbaseweprefilteredtoavoidMedlineduplicatesbyusing[embase]/limNOT([embase]/limAND[medline]/lim)
o Cardiacarrest:(resuscitation:ti,ab,kwOR'resuscitation'OR'resuscitation'/expORresuscitationOR'heart'OR 'heart'/exp
OR heart) AND (arrest:ti,ab,kw
OR 'heart' OR'heart'/expOR
heart)
AND ('arrest'
Downloaded from www.aappublications.org/news
by guest
on November
18, 2020OR 'arrest'/expOR arrest)
o
o

•

Search Results (Number of articles identified / number identified as relevant): 1166
STEP 0: 2 SR
STEP1:24randomisedmanikinstudies,5observationalstudies(articlesincludedinStep0arenotfurtherexploredinstep1)
STEP 2: 5 ‘background’ papers

Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex:InfantsorChildrennotincardiacarrest,studiesprimarilyconcerningAEDorconcerningotherALS interventions; animal
studies; letters, editorials orcomments; unpublished studies (e.g., conference abstracts,trial protocols), no English abstract;
Newborn at Delivery or as part of neonatal CPR (3:1 duty cycle) (can be considered in step2)
Themes identified:
Theme 1: Two-fingers (TF) vs two-thumbs encircling (TT)
Theme2:TFvsTTandothernewmethods(nTTT)e.g.knocking Theme
3: Chestcompression Methodortechnique
Theme 4: Chest compression point.
Theme 5: One hand (OHCC) vs two hands (THCC) chest compressions in children Theme 6:
Dominantvs no dominanthands(OHCCand THCC)
Link to Article Titles and Abstracts for 2019 search (if available on PubMed):

Summary of Evidence Update:
GUIDELINE OR SYST. REVIEW? Topics addressed or PICO(S)T
# articles identified
(Organisation); Author; Year
Published
1. Douvanas 2018 805
comparing two different techniques of 1RCT – 9 observational
SR
hand placement (TF vs TT) on infants (2010-2015), excluding delivery
room
and neonatal resuscitation
Amstar 2 low to critically low
confidence in review (due to
unclear selection process, search
strategyandstudy assessment)
Key findings:
Allproviders performed either continuous TF or TT technique chest compressions. Most studies were manikin
studies on infant trainer manikins. The majority of studies suggested the TT method to bemore useful for
infants and neonatal resuscitation than the TF.
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2. Lee 2019 e17853
infant manikin studies comparing
6 studies, prior to December 2017
SR
two-thumb-encircling hands
Amstar 2 high confidence in
technique with two-finger technique
review
for a single rescuer.
Keyfindings: Inthemeta-analysis basedonprevioussimulationstudies,theTTprovideddeeperCCDepththan
the TFT for asingle rescuer (mean chest compression depth (mean difference, 5.50mm; 95% CI [0.32-10.69])).
However,therewas nostatisticallysignificantdifferencebetweentheTTandtheTFintermsoftheCCRate
(mean chest compression rate (mean difference 7.89/min; 95% CI [0.99, 16.7])).
In conclusion: the two-thumb-encircling hands technique is a more appropriate technique for asingle rescuer
to perform high-quality chest compression in consideration of chest compression depth than the two-finger
technique in infant manikin studies
RCT (acronym);
Author; Year
Published

Aim of study; Study type;
Study size (N)

Patient
Intervention (N patients) /
Population
Comparator (N patients)
(inclusion
criteria)
1. Lee 2018,372
Prospective randomised Doctors doing 2’ Cross-over random order
cross-over trial; two-finger CPR on a 3technique (TFT) using the month old
index-middle fingers of the infant manikin
right hand (TFT-R23) vs
two-thumb TT; N=37
Endpoint Results
The actual CCD of the TT was significantly deeper than that ofthe TFT-R23 (41.3±1.3 vs.
primary endpoints
39.8±1.5 mm, P<0.001). Although the hands-off time of the TT was significantly longer
(Absolute Event
than that of the TFT-R23 (55.6±5.7 vs. 53.6±5.8 s, P=0.002), the mean difference was
Rates, P value; OR or only 2.0±3.7 s (95% confidence interval: 0.755-3.245). The finger strength of the TT was
RR; & 95% CI)
significantly higher than that of TFT-R23 (23.8±10.1 vs. 13.7±5.1 kg, P<0.001).
Relevant 2° Endpoint
(if any);
Manikin study with limited sample of doctors, unblinded, only to be considered
Study Limitations;
exploratory
Adverse Events
2. Lee 2019 1
A Randomised non-blind, Healthcare
Conventional (n=24) vs modified
cross-over simulation trial; providers doing
(n=22) one-hand chest compressions
comparing conventional vs 2’ CPR on a 5y
modified one-hand
Modified OHCC:
old child
1- the axis of the CC arm was adjusted
compressions; N=46
manikin
to the CC area to maximise rescuer
weight load by compressing the
sternum vertically.
2- the opposite hand was wrapped
around the elbow of the compression
arm tostabilise the OHCC posture
during vertical movement caused by
chest compression
Endpoint Results
The average CCDepth decreased significantly in all segments in both trials (trial 1
(segments 1–4): 40.9 _ 5.6 mm, 39.4 _ 6.6 mm,38.0 _ 6.9 mm, 36.7 _ 7.3 mm, P<
primary endpoints
(Absolute Event
0.001;trial 2(segments 1–4): 42.3_5.4mm,41.2_6.2mm,40.1 _6.8mm,39.0 _6.9
Rates, P value; OR or mm, P< 0.001). However, the average CCD in trial 2 (modified OHCC) was significantly
RR; & 95% CI)
greater in all segments than that in trial 1 (segments 1–4: P= 0.016; P= 0.009; P=
0.004; P = 0.001)
By modifying the OHCCposture, a deeper mean CCDcould bemaintained for 2 min
than that on using conventional OHCC.
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Relevant 2° Endpoint The average chest compression rates were comparable in all segments in both trials.
(if any);
The ratio of complete recoil in all the segments was not significantly different between
Study Limitations;
the trials. These results mean that the posture modification did not increase leaning.
Adverse Events
The average compressions did not reach CC depth as recommended by guidelines (the
manikin’s A-Pdiameter was approximately 15 cm). The results were obtained using a
mechanical simulation model setting with a specially manufactured plywood bed (not a
mattress). This setting differs from a real-life resuscitation environment.
3. Kim 2015 36
To assess the quality of
Performed by Each one performed 2-minute
chest compressions
inexperienced continuous chest compressions, using
Rescuers on a three different techniques.
performed by
inexperienced rescuers
simulated 6using three different
year-old
techniques: two-hand,
paediatric
manikin Model.
right one-hand, and left
one-hand.
RCT;
n=36
Endpoint Results
The 36 participants completed 108 two-minute trials, consisting of a total of 25,030
primary endpoints
compressions. The mean compression rates [95% CI] were as follows: two-hand, 116.8
(Absolute Event
[111.7–121.9]; left one-hand, 115.0 [109.9–120.1]; and right one-hand, 115.5 [110.4–
Rates, P value; OR or 120.6] (p= 0.565). The mean compression depth for two-hand was 38.7 mm (37.1–
RR; & 95% CI)
40.2), which was higher than for left one-hand (36.3 mm [34.8–37.9]) or right one-hand
(35.4 mm [33.9-37.0]) (p < 0.001). Chest compression depth declined over time,
regardlessofthetechnique (p<0.001). The two-handtechnique hadthe advantage of
producing deeper compressions than the one-hand technique.
Relevant 2° Endpoint
(if any);
Study Limitations;
Adverse Events

4. Oh 2014 544

The rate of admission to the hospital was 40.5% in HCOT vs 25.5% in the TOT
(P = 0.088).
The pattern of compression depth change over time was similar for all techniques (p >
0.999). The residual leaning rate was higher with two-hand (40.7 [27.9–53.5]) than that
for left one-hand (29.2 [16.4–42.0]) or right one-hand (25.8 [13.0–38.6]) (p= 0.021).
Manikin study, which may not be applicable to real clinical settings (thorax
characteristics,rescuerstressetc).CPRwithoutventilations.Participantsweremedical
students (and very motivated) and thus maybe not representative for a normal
population. In addition a Hawthorne effect might bias the results found.
difference in the quality of 41 doctors;
Chest compressions
one-handed chest
experiments were
were alternately
compressions (OHCCs) using
carried out with a
performed with the
the dominant versus non5-year-old
dominant (test 1) and
dominant hand in simulated paediatric manikin non-dominant hand
paediatric CPR. Randomised without ventilation
(test 2) in a random
crossover trial; n= 41
for 2 min
order at 30 min
intervals.

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Nosignificant differences werefound in the average compression rate
(118.0±14.3/min vs 117.3±14.5/min, p=0.610) and average compression
depth (41.3±5.6mm vs 41.9±4.1mm, p=0.327) between tests 1 and 2.No
significant difference was found in the quality of OHCCs using the dominant
and non-dominant hand in simulated paediatric CPR..
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Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

5. Kherbeche 2015 262

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

The study suggests there is no need for paediatric resuscitation guidelines to
state a preferred hand for performing OHCC
Manikin study, which may not be applicable to real clinical settings (thorax
characteristics, rescuer stress etc). CPR without ventilations. Majority of
participants were male. Participants were doctors (and very motivated) and thus
maybe not representative for anormal population. In addition an
Hawthorne effect might bias the results found.
Comparing chest
School children,
After a 3 min training
compression usingthefoot aged 12 to 15 years video, 5 min of
orhand method. Prospective
practice, and a 5 min
randomized controlled trial
latent time, the
N= 105
participants
performed a 2 min
sequence of chest
compressions either
with foot (n=53) or
hand (n=52).

The mean percentage of correct chest compression depth (was low in both
groups (HM 45%, FM 47%, P=0.76). This was also found for those weighing less
than 50 kg and at least 50 kg in both groups (FM 23%, HM 34%, P=0.2; FM 62%,
HM 56%, P=0.57). The FM of applying chest compression did not result in a
more accurately delivered compression depth compared with the
HM for children and adolescents, irrespective of body weight.
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Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

The HM group was better in frequency (98 vs. 86% in FM, P=0.03) and
complete decompression (99 vs. 91% in FM, P≤0.001).

6. Cheong 2015 567

continuous one-handed
30 healthcare
chest compression (OHCC) in providers
IHCA setting, whether
switching hands could delay
the decrease in chest
compression depth.
A randomised cross-over
manikin trial n=30

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Mean compression depth MCD in 30 s intervals changed significantly with
timepassed intests1and2(0–30s:43.4±7.4vs42.8±7.6 mm, 30–60s:
42.8 ±8.7 vs 40.3 ±8.8 mm, 60–90 s: 40.5 ±8.9 vs 38.2 ±9.6 mm, 90–120 s:
40.2 ±10.2 vs 36.9 ±9.7 mm; P< 0.01). However, with the exception of the
first 30 s interval, MCD in test 1 showed significantly higher values than in
test 2 (P< 0.05). The MCRs in 30 s intervals did not change significantly with
time passed inall tests and were not different between the two tests. All
hand-offtimes measuredduringswitchinghands intest1 werelessthan1s.
Manikin study, evaluation only for 2 minutes so not informative for
prolonged CPR.In reality appreciating 30” might be difficult during actual
CPR if not for another person to inform the one providing compressions.
Some additional impact of hand change might be underappreciated
(stability). Healthcare providers might not be representative for the whole
population.
All participants were
Comparing lateral CPR for healthcare
providers
asked to perform 2
the use of BMV by single
min of CPR on a
paramedic rescuer with
(45 women, 55
men)
manikin with a 30:2
over-the-head CPR.
Randomized cross-over trial;
compressions to the
n=100
ventilation ratio in
each position. There
was a 5-min resting
period between both.
The manikin was
placed on the floor.
The compression and ventilation rate in lateral CPR were lower than in OTH
CPR. Around 51% of participants had correct chestcompression rate (> 90
beats per minute) in the lateral CPR position and 65% of them had ten or
more correct ventilations per minute. CPR over-the–head led to better results
than lateralposition CPRby asingle paramedic studentwitha BMVdevice.
Manikin study, which may not be applicable to real clinical settings (thorax
characteristics,
rescuer stress etc). Unblindedand
only 2*2’
of CPR.
Downloaded from www.aappublications.org/news
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Participants were healthcare providers (and very motivated) and thus maybe

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

7.Nasiri 2014 30

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)
Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

Manikin study; only short instruction period (and ‘stepping’ on a person with
the force enough to perform the compressions might generate ‘distress’ that
could bias results in favour of HM)
Group A (n=15)
performed test 1
(chest compressors
alternated hands
every 30 s in 2 min of
OHCC), followed by
test 2 (chest
compressors
used one hand for 2
min without
switchingto the other
hand) and group B
(n=15), vice versa.
Participants
performed 2 min
continuous OHCC.

8. Kim 2016 997

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

9 Tsou 2019 ahead of print
doi: 10.1097/
MEJ.0000000000000631

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

not representative for a normal population. In addition a Hawthorne effect
might bias the results found.
This study compared the
healthcare
Four different
effectiveness two-finger
providers; 3- month finger/hand
chest compression technique old manikin CPR 2’ combinations were
(TFCC) performed using the of 30:2; ventilation testedrandomly in30
right vs. left hand and the
healthcare providers
by mouth-toindex-middle vs. middle-ring mouth.
performing TFCC (Test
1: the right indexfingers. Randomized crossover trial; n=30
middle fingers; Test 2:
the left index-middle
fingers; Test 3: the
right middle-ring
fingers; Test 4: the left
middle-ring fingers)
usingtwocross-over
trials.
The mean compression depth(MCD) was significantly greater in TFCC
performed with the index-middlefingersthan with the middle-ring fingers
regardless of the hand (95% confidence intervals; right hand: 37.8–40.2 vs.
35.2– 38.6 mm, P= 0.002; left hand: 36.9–39.2 vs. 35.5–38.1 mm, P= 0.003).
A deeper MCD was achieved with the index-middle fingers of the right versus
the left hand (P= 0.004). The ratio of sufficiently deep compressions showed
the same patterns. There were no significant differences inthe other data.
Manikin study, which may not be applicable to real clinical settings (thorax
characteristics, rescuer stressetc). CPR without ventilations. Participants
were healthcare providers (and very motivated) and thus maybe not
representative for a normal population. In addition, a Hawthorne effect
might bias the results found.
The majority of the providers were right-handed so difficult to make
conclusions for left-handed rescuers.
This study compared the
emergency medical The order of the two
effectiveness of (TT)professionals; lone Methods used was
arranged randomly,
encircling hands and two- rescuer infant
with an interval of 30
finger (TF) methods in infant manikin CC
CPR. Randomized cross-over
min in between.
trial; n=42
Using the TT method, the rescuers performed CPR with higher CC quality, but
more incomplete recoil than they did using the TF method.
The mean compression forces delivered in the first and second minutes were
3.53 ±1.27 kg and 3.22 ±1.11 kg(P= 0.012) for TFand 4.11 ±1.80 kg and
4.04 ±1.83 kg(P= 0.568) for TT, respectively. Pairwise comparison indicates
that the compression force delivered through the TF method during the first
and second minute of ECC were inferior tothat delivered through the TT
method.TheTF method involved greater perceived exertionthantheTT
method (5.27 ±4.69 vs. 4.02 ±2.31; P= 0.007). The median perceived
exertions for the TF and TT methods were 5 and 4, respectively.
For infant CPR, the TT method involved greater loading force, lower fatigue,
and higher overall ECC quality than the TF method. The optimal compression
force is about 3.8-4.3 kg.
Manikin study, which may not be applicable to real clinical settings (thorax
characteristics, rescuer stressetc). CPR without ventilations. Participants
were healthcare providers (and very motivated) and thus maybe not
representative for a normal population. In addition, a Hawthorne effect
might bias the results found.
Downloaded
from
www.aappublications.org/news
guest onindicators
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2020 unclear.
Link
between
compression
force and otherbyquality
in itself

10. Pellegrino 2019 530

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

11. Na 2015 e70

This research sought to
establish the efficacy and
training of two-finger versus
two-thumb-encircling
techniques. Randomized
cross-over trial; n=54

Infant caregivers;
lone responder
infant manikin
chest compressions
with ventilations

Groups of eight
participants were
randomised to learn
one technique,
practised and then
tested for 8 min. After
a 30 min rest, the
group repeated the
process using the
other technique.
The two-thumb-encircling technique achieved a deeper mean compression
depth over the 8 min period (2.0mm, p<0.01), closer to the minimum
recommendation of 40 mm; the two-finger technique achieved higher
percentages ofcompression fraction andcomplete recoil. Caregivers
preferred the two-thumb technique (64%), and of these 70% had long
fingernails.
Manikin study, which may not be applicable to real clinical settings (thorax
characteristics, rescuer stress, potential depth etc). Participants were likely
very motivated and thus maybe not representative for a normal population.
In addition, a Hawthorne effect might bias the results found. Small group
and potential bias of prior practice.

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

comparing the two-thumb
medical doctors
10 cycles of cardiac
encircling (TTE) technique who had applied
compressions on an
infant manikin for
with the ‘modified’ vertical for a hospital
two-thumb (VTT) technique. internship and BLS
each technique.
Randomized cross-over trial; trained; infant CPR
n=36
The VTT generated significantly higher pressure than the TTEand the
pressure
difference ranged from 26.8 to 62.9 mmHg for each cycle, with a mean
difference of
43.5 mmHg (95% CI [37.8, 49.2]). The difference in pressureshowed a
tendency to
increase with increasing cycles of cardiac compressions. The participants’
heart and
respiratory rate was higher with the VTT, but they said that itwas easier to
perform cardiac compressions with this technique.

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

The VTT technique can provide an alternative compression technique for
effective infant CPR, especially for the rescuerswith small hands or aweak
grip.
Manikin study, which may not be applicable to real clinical settings (thorax
characteristics, rescuer stress, potential depth etc). Participants were doctors
and likely very motivated and thus maybe not representative for a normal
population. In addition, a Hawthorne effect might bias the results found.
The compression was instructed to target one-third of the chest anteriorposterior
diameter atminimum, butthesensorinsidethesimulatorwasdesignedto
measure the pressure within the simulated heart. Therefore, the results
cannot be directly compared with those of other studies, which have mostly
used metric figures for cardiac compression depth. Only the peak pressure
was measured in this study, no other quality items. This study measured the
pressure generated by cardiac compressions for up to ten cycles, but
Downloadedafter
from www.aappublications.org/news
by guest on November 18, 2020
outcomes
ten cycles were not assessed.

12. Jo 2017 462

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

comparing the over-the
head 2-thumb encircling
technique (OTTT) with
conventional 2-finger
technique (TFT). Prospective
cross-over randomized trial;
n=50

medical emergency
service students voluntarily
recruited
; lone rescuer 3
month infant CPR

2 minute CPR,
simulating CPR during
ambulance transport.
Participants who
performed OTTT
(n=25) sat over the
head of manikins to
compress the chest
using a 2-thumb
encircling technique
and provide bagvalve
mask ventilations,
whereas those who
performed TFT (n=25)
sat at the
sideofthemanikinsto
compress using 2fingers and provide
pocketmask
ventilations.

Mean hands-off time was not significantly different between OTTT and TFT
(7.6 ± 1.1 seconds vs 7.9 ± 1.3 seconds, P= 0.885). Over-the-head 2-thumb
encircling technique resulted in greater depth of compression (42.6 ± 1.4 mm
vs 41.0 ± 1.4 mm, P< 0.001) and faster rate of compressions (114.4 ± 8.0 per
minute vs 112.2 ± 8.2 per minute,
P = 0.019) than TFT. Over-the-head 2-thumb encircling technique resulted
in a smaller fatigue score than TFT (1.7 ± 1.5 vs 2.5 ± 1.6, P < 0.001).
In addition, subjects reported that compression, ventilation, and changing
compression to ventilation were easier in OTTT than in TFT.

Manikin study, which may notbe applicable to real clinical settings (thorax
characteristics, rescuer stress, potential depth etc). Participants were doctors
and likely very motivated and thus maybe not representative for a normal
population. In addition, a Hawthorne effect might bias the results found.
Each technique involved a different method of ventilation, which may
influence hands-off time. There was a skewed sex ratio and a higher
proportion of young participants of the sample. Approximately 60% of
participants were women in their early 20s.
13. Smereka 2018 211

Endpoint Results primary
endpoints (Absolute Event

comparing TTHT (encircling) final-year medical
and the innovative
students; infant
technique of two thumbs
CPR
(NTTHT) to do chest
compressions. Randomized
cross-over trial; n=41

two-minute cycle of
CPR on an infant
manikin (15:2)

Two groups 21 /20
students.
All participants did
both techniques; order
of study participants
and methods of chest
compressions were
randomized
Chest compressions based on NTTHT were associated with a higher
percentage
of chest
compressions performed
at the
appropriate
depth (94%
Downloaded from
www.aappublications.org/news
by guest
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18, 2020
(IQR:87-96) vs.92%(IQR:88-95);p= 0.003),betterchestrelaxation(94%

Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

14. Gomez-Gonzalez 2017
e54

(IQR: 92-99) vs. 13% (IQR: 9-18); p< 0.001), more correct positioning of the
hands on the chest (98% (IQR: 98-100) vs. 95% (IQR: 89-97); p= 0.045) and
less time without chest compressions (4.5 s(IQR: 3-5) vs. 5.5 s(IQR: 4-6); p=
0.038).
Depth of chest compressions using TTHT was 42 mm (IQR: 39-44) and 41 mm
(IQR: 39-42) forNTTHT.
Manikinstudy,which may notbeapplicable to realclinical settings (thorax
characteristics, rescuer stress etc). Unblinded and only 2*2’ of CPR.
Participants were senior medical students (andvery motivated) andthus
maybe not representative for a normal population. In addition, a Hawthorne
effect might bias the results found.
comparing TTHT (encircling)
and the innovative
technique of two thumbs
(NTTHT) to do chest
compressions. Randomized
cross-over trial; n=28

participants
(female 57.14%)
related to
emergencies; infant
CPR

two-minute cycle of
CPR on an infant
manikin (15:2) - bagmask ventilations
delivered by an
investigator
new technique
proposed by Smereka
et al. = using the two
thumbs to compress
the thorax without
encircling it with the
hands (nTTT).

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

Randomisation for
order of both
performed techniques.
When global CC quality, depth and rate of compression were compared, no
significant differences were found. Results show good percentage of chest
compression quality regardless the technique used (TTEHT: 80.1±25.4%;
nTTT: 84.21±23.7%, p= 0.242). Chest compression rate was between 100120 compressions/min in both methods (TTEHT: 108±17 com/min; nTTT:
108±14 com/min, p = 0.632). As regards depth, similar results were found
(TTEHT: 36.0±5.3mm; nTTT: 37.32±3.8mm, p = 0.052).

Therefore, this method seems to be at least as efficient as current standards
and may be a complementary to the TTEHT in the future.

Manikin study, which may not be applicable to real clinical settings (thorax
characteristics, rescuer stress, potential depth etc). Participants were likely
very motivated and thus maybe not representative for a normal population.
In addition, a Hawthorne effect might bias the results found. Small group
and potential bias of prior practice.
15.Rodriguez-Ruiz 2019346 comparing classical
Residents and
two-minute cycle of
technique (MT) vs. a new
nurses in Pediatrics CPR on an infant
technique (NM)
who had completed manikin (15:2);
(compression with 2 thumbs a basic and an
compressions only
with closed fists).
advanced pediatric
Randomized cross-over trial; CPR course; infant Each participant
performed two tests
n=28
CPR
of pediatric
Downloaded from www.aappublications.org/news by guest on November
18, 2020CPR.

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Global quality of the compressions (NM: 84.2 ± 23.7% vs. MT: 80.1 ± 25.4%
[P =.25; P= ns]),percentage of compressions with correct depth (NM: 59.9 ±
35.8% vs. MT: 59.5 ±35.7% [P=.76;P = ns]), mean depth reached (NM: 37.3
±3.8 mm vs. MT: 36 ±5.3 mm [P =.06; P= ns]),percentage of complete reexpansion of the chest (NM: 94.4 ±9.3% vs.MT: 92.4±18.3%[P =.58;P =
ns]), and percentage of compressions with the recommended rate(NM: 62.2
± 34.6% vs. MT:51 ± 37.2% [P = .13; P = ns]) proved similar with both
methods.

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

The quality of chest compressions with the new method (thumbs with closed
fists) is similar to that afforded by the traditional method.
Manikinstudy,whichmay notbeapplicabletorealclinicalsettings(thorax
characteristics, rescuer stress, potential depth etc). Participants were likely
trained and very motivated and thus maybe not representative for a normal
population. In addition, a Hawthorne effect might bias the results found. No
ventilations as part ofthe algorithm. Small group andpotential bias ofprior
practice.

16. Ladny 2018 e9386

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

17. Yang 2019 1217

nurses; infant CPR two-minute cycle of
comparing new chest
compression (CC) technique
continuous
("2 thumbs-fist" or nTTT) in
compressions on an
comparison with standard 2infant manikin (15:2)
finger (TFT) and 2-thumb– 3 techniques in
encircling hands techniques
random order.
(TTEHT); Randomized crossover trial; n=63
The nTTT resulted in a higher median SBP value (69 [IQR, 63-74] mm Hg)
thanTTEHT(41.5[IQR,39-42] mmHg,P<.001)andTFT(26.5[IQR,25.5-29]
mmHg, P<.001).
The simulated median value of DBP was 20 (IQR, 19-20) mmHg with nTTT,
18 (IQR, 17-19) mm Hg with TTEHT and 23.5 (IQR, 22-25.5) mm Hg with TFT.
DBPwas significantly higher with TFTthan with TTEHT (P<.001), as well as
with TTEHT than nTTT (P<.001).
Median values of simulated MAP were 37 (IQR, 34.5-38) mm Hg with nTTT,
26 (IQR, 25-26) mm Hg with TTEHT and 24.5 (IQR,23.5-26.5) mm Hg with
TFT.Astatisticallysignificant differencewasnoticedbetweennTTTand TFT
(P<.001), nTTT and TTEHT (P<.001), and between TTEHT and TFT (P<.001).
Sixty-one subjects (96.8%) preferred the nTTT over the 2 standard methods.
Manikinstudy,whichmaynotbeapplicabletorealclinicalsettings(thorax
characteristics, rescuer stress, potential depth etc). No information on other
quality parameters of chest compression, nor how this relates to the
simulated value of blood pressure. Participants were likely trained and very
motivated and thus maybe not representative for a normal population. In
addition, a Hawthorne effect might bias the results found. Small group and
potential bias of prior practice. No ventilations as part of the algorithm.
Group A21
comparing the flexed two- Doctors; lone
rescuer infant CPR
GroupB21
finger technique (Knocking)
and the currently used two2-min single-rescuer
thumb technique or twoCPR on a cardiac
finger technique;
arrest infant model
Randomized cross-over trial;
using the two-thumb
n=42
technique followed, in
Downloaded from www.aappublications.org/news by guest on November
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Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

18. Jung 2018 261

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

technique and the
flexed two-finger
technique
Although the ratio of the adequate compression depth was highest inthe
two-thumb technique, followed by the flexed two-finger technique and twofinger technique (100% [98–100] vs. 99% [80–100] vs. 76% [42–95],
respectively, P < 0.001), the hand-off time of the two-thumb technique was
significantly longerthan in the two-fingertechnique and flexed two-finger
technique(31s [28–35]vs.29s[27–32]vs.29s[26–32],respectively,P<
0.001). The number of total chestcompressions of the two-thumb technique
was significantly lower than in the two-finger technique and flexed twofinger technique (150 [148–159] vs. 159 [149–173] vs. 162 [150–172],
respectively, P < 0.001)
Sixty-one subjects (96.8%) preferred the nTTT over the 2 standard methods.
Manikinstudy,whichmay notbeapplicabletorealclinicalsettings(thorax
characteristics, rescuer stress, potential depth etc). Participants were likely
trained and very motivated and thus maybe not representative for a normal
population. Inaddition, a Hawthorne effect might bias the results found.
Small group and potential bias of prior practice.
comparing the KF (Knocking 10 doctors, 10
a 30:2 compressionto-ventilation
finger) Technique (one
nurses, and 16
ratio and mouth-tofinger) and the two-finger
EMT; lone rescuer
(TF) and two-thumb
infant CPR
mouth ventilation,
infant manikin CPR
encircling hands (TT)
techniques; Randomized
cross-over trial; n=36
The total frequency of chest compression for 5 min was the highest with the
KF technique, followed by the TF and TT techniques. The total frequency of
ventilation for 5 min was higher with the KF and TFtechniques compared
with the TT technique. The total hands-off time was the shortest with the KF
technique, followed by the TF and TT techniques. The area of chest
compression was the smallest in KF technique.

Participants complained of severe finger pain and high fatigability in TF
technique
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Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)
Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events
20. Park 2018 55

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

Manikinstudy,which may notbeapplicable torealclinical settings (thorax
characteristics, rescuer stress, potential depth etc). Unblinded. Participants
werelikely trained and very motivated and thus maybe notrepresentative
for a normal population. In addition, a Hawthorne effect might bias the
results found. Noventilations as part of the algorithm. The actual area of
chest compressions might be variable between countries or races sothat the
results would not be generalizable toall infants or rescuers. The quality of
chestcompression inthe KF technique might be statisticallynon-inferior
rather than superior (overlapping IQR for ratio of correct depth of chest
compression and total frequency of ventilation).
comparing two-thumb
Qualified health
a 15:2 compressionprofessionals; lone
to-ventilation
encircling hand techniques
rescuer infant CPR
with two new methods (the
ratio, infant manikin
CPR
new two-thumb and the
knocking-fingers
techniques); Randomized
cross-over trial; n=10
Ratios of correct compressions for depth, rate, chest release and hand
position were always above 70% regardless of the technique used. Reached
mean depth and mean rate were similar to the 3 techniques. No statistically
significant differences were found in any of the variables analysed.
Very small manikin study, therefore only exploratory
A novel compression assist Qualified health
a 30:2 compressionto-ventilation
device (palm presser) to
professionals; lone
perform chest compressions rescuer infant CPR
ratio, infant manikin
using a palm in infant
CPR. Random
cardiopulmonary
sequence of
resuscitation (CPR) is
techniques.
developed. The hypothesis
that the palm presser will
Increase compression depth
without increasing hands-off
time and will reduce rescuer
fatigue compared with the
two-finger technique
(TFT).Randomized cross-over
trial; n=20
The palm presser resulted in greater compression depth (42.2 mm [IQR 40.242.8] in the Palm presser vs. 39.0 mm [IQR 35.7-40.6] in the TFT, p<0.001)
and no increase in hands-off time (p=0.632). Comparison of the percentage
of sufficiently deep compressions in the first and last min of CPR showed that
there was asignificant reduction in compressions using the TFT (49.7% in the
first min and 35.4% in the last min, p<0.001), whereas there was no change
using the palm presser (81.2% in the first min and 80.0% in the last min,
p=0.404).
Compression withpalmpressersreduced rescuerfatigue compared with
compression with theTFT.
Manikinstudy, whichmay notbe applicable to real clinical settings (thorax
characteristics, rescuer stress, potential depth etc). Participants were likely
trained and very motivated and thus maybe not representative for a normal
population. In addition, a Hawthorne effect might bias the results found. The
palm presser showed decreased full recoil compared with the TFT. In light of
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that,
it is notfrom
apparent
whether the palm presser
had
an overall
superiority
to the TFT

21. Jiang 2015 531

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

22. Oh 2015 108

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

23. Jung 2017 1303

comparing the two-finger
technique (TFT) with the 2thumb-encircling hands
technique. Randomized
cross-over trial; n=27

Qualified health
care professionals;
lone rescuer infant
CPR

2 sets of 5-minute
30:2 compression-toventilation
ratio, infant manikin
CPR. Random
sequence of
techniques.
Mean compression depths were 39.25 ±3.06 cm in the TFtechnique and
42.37 ± 1.15 cm in the 2-thumb-encircling hands technique, P < .001.
Two-finger technique had significant lower fractions of correct hand position
than2-thumb-encirclinghands technique (96.56%±6.74% vs 99.41%±
2.52%, P <.05).
The fatigue point appears much earlier in TFthan in 2-thumb-encircling
hands.
No difference was identified on ventilation between 2 groups.
Manikinstudy,whichmay notbeapplicabletorealclinicalsettings(thorax
characteristics, rescuer stress, potential depth etc). Participants were all
trained and very motivated and thus maybe not representative for a normal
population. In addition, a Hawthorne effect might bias the results found.
The hand used
Qualified health
2-minute CPR of a
to perform continuous one- care professionals;
child (on hard floor)
handed CC technique was lone rescuer CPR
randomised to the right or
left hand. Randomized
manikin trial; n=40
Mean compression depth values decreased significantly with time (0-30 s:
44.3 ± 4.1 mm, 30-60 s: 42.4 ± 4.9 mm, 60-90 s: 40.5 ± 5.8 mm, and 90-120 s:
38.7 ± 5.7 mm; P < 0.001).
Mean compression rate also tended to decrease with time (0-30s: 119.3 ±
12.5/min, 30-60 s: 119.0 ±13.1/min, 60-90 s: 117.9 ±14.5/min, 90-120 s:
117.8 ± 14.9/min), and the differences were statistically significant between
30-60 s and 60-90 s(P= 0.037) and between 30-60 sand 90-120 s(P=
0.043).
The results of the present study suggest that future strategies should be
established to prevent a decrease in compression depth within 1 min during
OHCC.
Manikinstudy,which may notbeapplicabletorealclinical settings (thorax
characteristics, rescuer stress, potential depth etc). No ventilations and only
2’ of CPR. Participants were likely trainedand very motivated and thus
maybenotrepresentativeforanormalpopulation.Despite thatdepthwas
less than what guidelines currently advocate. In addition, a Hawthorne
effect might bias the results found.
The effectiveness of fingeremergency
pre-group (10 pairs)
marker stickers for
physicians and
performed
maintaining the correct
paramedics at
conventional 2compression point during
rescuer infant manikin
emergency
simulated infant
CPR, then performed
departments of 2
tertiary hospitals;
sticker-applied CPR
cardiopulmonary
resuscitation. Randomized
2-rescuer infant
after 1month.
crossover trial; n=40, 20
The post-group (10
CPR
pairs) performed the
pairs
process in the
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Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

24. Lim 2013 139

Endpoint Results primary
endpoints(Absolute Event
Rates, P value; OR or RR; &
95% CI)

Participants placed
finger-marker stickers
to indicate the
appropriate
compression point
before starting CPR
All finger-marker stickers were correctly attached within 5s (4.88±1.28s) of
approaching the model.
There were significant differences in the rate of correct finger compression
positionbetween conventionaland sticker-appliedCPR (25.4%[IQRs7.669.8] vs. 88.2% [IQRs 69.6-95.5], P<0.001).
Results did not differ according to sex, career, and job of the participants.
There were no significant differences in mean compression rate, depth,
hands-off times, and rate of fully recoiled compression between the 2
groups.
Manikin study, which may not be applicable to real clinical settings (thorax
characteristics, rescuer stress, potential depth, time spent to place sticker
etc). Only 2 minutes of CPR. Participants were likely trained and very
motivated andthus maybenotrepresentativefora normalpopulation.In
addition, a Hawthorne effect might bias the results found
To compare the efficiency emergency medical Manikin, crossover,
random
between overlapping (OP) technician
students; 2010and adjacent thumb
2011; 5’ chest
positions (AP) for cardiac
compression infant
compressions using the
encircling method in infants.
Randomized crossover trial;
n=48
There were no significant differences in MAP between the dominant hand
and the non-dominant hand as the lower thumb of OP. Significant
differences were observed in simulated systolic blood pressure, MAP and
simulated pulse pressure between OP and AP at 1, 2, 3, 4 and 5 min. There
were no significant differences among the changes in heart rate, respiratory
rate and end-tidal CO2 of the volunteers during a 5-min chest compression
byOPand AP.TheLikertscalescores(1no fatigueto5= extremefatigue)
during the 5-min chest compressions were higher in APthan in OP at 2, 3
and 5 min.

Relevant 2° Endpoint (if any);
Study Limitations; Adverse
Events

Non-RCT OR
OBSERVATIONAL
(acronym); Author;
Year Published
1. Sandler 2018
Suppl 2 (Circulation
138, abstract 107)

Results primary
endpoints

Manikinstudy,whichmaynotbeapplicabletorealclinicalsettings(thorax
characteristics, rescuer stress, potential depth etc). No information on other
quality parameters of chest compression, nor how this relates to the
simulated value of blood pressure. Participants were likely trained and very
motivated and thus maybe not representative for a normal population. In
addition, a Hawthorne effect might bias the results found. Small group and
potential bias of prior practice.
Study type/design; Study size (N)
Patient Population
(inclusion criteria)

Prospective observational; “ Videography
in Pediatric Emergency Resuscitation
(VIPER)” Collaborative, a prospective
observational resuscitation database from
3 tertiary PEDs; n= 19 (248 minutes of cc)

19 patients [14 infants <=1 year; 5
toddlers 24 years] were analyzed.
Resuscitation in Pediatric Emergency
Departments of3tertiaryhospitals.
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2F= two finger; 2T= 2-thumb encircling; 1H= 1-handed; 2H= 2-handed

(Pvalue;ORor RR; &
95% CI)

Summary/Conclusion
- Comments

Median CC rates were adherent to AHA standards for toddlers but not infants, where
CCs were often too fast. CC depth was inadequate in both infant and toddlers. The 2T
technique in infants was significantly associated with adherence to AHA standards for
rate (X2=4.97; X2=3.64).

2. Lee 2013 766

Retrospective observational; chestCT
infants vs 2010 guidelines AHA; n= 63

Results primary
endpoints
(Pvalue;ORor RR; &
95% CI)

Summary/Conclusion
- Comments

3. Jang 2018 36

Results primary
endpoints
(Pvalue;ORor RR; &
95% CI)
Summary/Conclusion
- Comments

4. Lee 2011 1214

CT infants 2002-2011

Measurement of distances of internipple line (INL) and lower third (LT) of
the sternum from xiphoid process +
between LV maximal diameter (LVMD)
and xiphoid processes. These distances
were compared with distances of 20
adults' digits performing thetwo-finger
and the two-thumb techniques on
templates of infant's chests.
The mean distances of the INL and the LT of the sternum were 32 ±8 mm and 12 ±2
mm, respectively. The LVMD was placed 15 ± 6 mm from the xiphoid process. When
applying the mean distances of adults' digits (28 mm and 23 mm for two-finger and
two-thumb, respectively), the LV was covered in 57 patients (90.5%) and 59 patients
(93.7%), respectively. The upper abdomen was compressed in 22 patients (34.9%) by
the two-finger technique and in 16 patients (25.3%) by the two-thumb technique with
the range of 0.3 mm-10.8 mm.
When applying 2010 AHACPR guidelines for infants, the chestcompression landmarks
adequately cover the LV in more than 90% of patients. In 25- 35% of infants, the upper
abdomen is compressed from a few millimeters to 11 mm.

Retrospective observational; CT review;
infants 2007-2010 4 hopsitals; n= 84

12/28providers wereassessedusing
both 2T and 1H; 6 providers used 2T and
1H in the same patient. 80 CC segments
were analyzed; the median duration of
CC segments was 74s (IQR 50-95s).
Median CC rate across allsegments was 127/min (IQR 115-142/min); median CC depth
was 3.0 cm(IQR 2.4-3.4cm). 2T position was used in 33/80 (41%) of segments. There
was no significant difference in CC depth between 2T and 1H position (3.0±0.8 vs
3.0±0.6cm, p=0.81). 1H position was significantly associated with faster CC rate than
2T position (134±18 vs. 118±15 CC/min, p<0.001)
During CC in infants, 1H position was associated with a greater prevalence of
inappropriately fast CC rate compared to 2T. There was no significant difference in
depth between 2T and 1H.
Retrospective observational; video review;
Measurement at point of maximal
infants CPR; n= 7 (111 minutes of CC); 28
anterior-posterior heart diameter the
providersDownloaded from www.aappublications.org/news
width
theonsternum
meter
by of
guest
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2020 (Sap),
vertical heart length from Sap, length

Results primary
endpoints
(Pvalue;ORor RR; &
95% CI)

Summary/Conclusion
- Comments

5. Park 2018 e576

and width of the superimposed-thumb
technique and length and width of the
alongside-thumb technique.
We studied the structures located
underneath thumbs superimposed and
thumbs alongside at Sap and Snipple
(the sternum of the inter-nipple line).
In the 84 infants enrolled, the width of the sternum at Sap, and the vertical heart
length from Sap were 0.85±0.31 and 1.71±0.47cm, respectively. The length and width
ofthe superimposed-thumb technique were 1.65±0.13 and 2.73±0.22cm, respectively.
The length and width of the alongside-thumb technique were 3.00±0.48 and
3.77±0.24cm,respectively.The liverwassituated underneaththumbssuperimposed at
Sap in 59.5% infants. The livers and lungs of 73.8% and 64.3% infants, respectively,
were underneath thumbs alongside at Snipple.
In this study, we confirmed that the superimposed-thumb technique may reduce chest
compression area in infant CPR. The lungs or livers were located more often
underneath thumbs alongside at Snipple than underneath thumbs superimposed at
Sap.
Using CT, we aimed to determine the pediatric 163 Children 1–15 years old who
P_optimum to maximize stroke volume, while underwent chest CT.
minimizing hepatic injury
Zero point (0, 0) is the center of the
xiphisternal joint designating
Retrospective Cross-sectional Study, n=163 leftward and upward directions of
the patients as positive on each axis.

P_optimum (x_max. left ventricle,
y_max. left ventricle) was defined as
the center of the maximum diameter
of the left ventricle, whereas P_aorta
(x_aorta, y_aorta) as that of the
aortic annulus. To compress the left
ventricle exclusively, y_max. left
ventricle should range above
the y coordinate of hepatic dome
(y_liver_dome) and below y_aorta.
Data were presented as median
(interquartile range) and compared
among age groups 1.0–5.0, 5.1–10.0,
and 10.1–15.0 years.
For universal application regardless
of age, ycoordinates were converted
into relative ones with unit of sternal
top: 1 unit of sternal top was the y
coordinate of the sternal top
Results primary
Atotalof163patients were enrolled,medianage8.8year(4.2–14.3yr).Amongage
endpoints
groups, no significant difference was observed in y_max. left ventricle, relative y_max.
(Pvalue;ORor RR; & left ventricle, y_aorta, and y_liver_dome: 1.0 cm (0.1–1.9 cm), 0.10 unit of sternal top
(0.01–0.18 unit of sternal top), 0.39 unit of sternal top (0.30–0.47 unit of sternal top),
95% CI)
and –0.14 unit of sternal top (–0.25 to –0.03 unit of sternal top), respectively.
The probability to compress the left ventricle exclusively was greater than or equal to
96% when placing hand at 0.05–0.20 unit of sternal top. Subgroup analysis
demonstrated the following regression equation: x_max. left ventricle (mm) = 0.173 ×
(height in cm) + 13 (n = 106; p < 0.001; R2 = 0.278).
Summary/Conclusion Theoretically, pediatric P_optimum is located 1 cm(or 0.1 unit of sternal top) above
- Comments
the xiphisternal joint.
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STEP2 ‘Background’:

-
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Jiang 20151:theuseofthedominanthand forcompression inadult CPR(manikinstudy) produced greater
chestcompressionrates, deeperchestcompressions, anddelayedfatigue.
Zhou 2015 e0133483: anup-downhandpositionswitchduring CPRmaydelaythefatigueofnondominanthandpositionrescuersandimprovethequalityofchest compressions.
Chalkias 2013 1462: single rescuer adult CPR, manikin study. One-hand compressions with continuously
maintaining open airway resulted in shorter rescue breathhands-offand stomach inflation and better recoil
but at the cost ofdecreased depth (related tobody massindex).
Smereka 2018 159: randomised crossover manikin trial. Newborn resuscitation. The novel newborn chest
compression method in this manikin study provided adequate chest compression depth and degree of full chest
recoil, as well as verygood effective compression efficiency.
Smereka2018980:randomisedcrossovermanikintrial.Newbornresuscitation.Anoveltwo-thumb technique
provedsuperiortotwo-fingertechniqueTFT.EvidencesuggestedthatNTTTofferedbetterCC depthinvarious
medicalpersonnelgroups.One-rescuerTFTqualitywasnotconsistentwithresuscitation guidelines (52 nurses).

2015 COSTR NEONATAL Resuscitation:
Consensus on science
For the critical outcomes of time to ROSC, survival rates, or neurologic injury, we foundno data. For the critical
outcomeofimprovedperfusionandgasexchangeduringCPR,weidentifiedlow-qualityevidencefrom9
randomized controlled trials (downgraded for indirectness and imprecision)182–190 and 6 nonrandomized
controlled trials (downgraded for indirectness, imprecision, and high risk of bias)191–196 identifying higher blood
pressure generationwith the 2-thumbversus the 2-fingermethod. For the importantoutcomeof compressor fatigue,
we identified low-quality evidence from 4 randomized controlled trials (downgraded for indirectnessand
imprecision),with2183,197identifyinglessfatiguewiththe2-thumbversusthe2-finger technique, and 2 studies
finding no difference.189,198 New compression methods: • Thumband index finger (TIF)199 compared the new
method versus the 2-thumb and 2-finger methods on manikins. Cardiac compressions lasted for only 5 min
while recording rate, hand location, depth, incomplete recoil, excessive depth, anderror rate during CPR. Two-thumb
and TIF hadless decayin “suitable chest compressions” over the 5 min comparedwith the 2-fingermethod. e184 J.
Wyllie etal. / Resuscitation 95 (2015) e169–e201 • Adhesive glove200 compared using the adhesive glove with
conventional CPR in 4 groups, including an infant group in a manikin model. The 2-thumb method was used as standard
in the infant group versus adhesive 2- thumb method. The theory isthat the glove enablesactive compressiondecompression. Rate, compression, and decompression depth were measured. No differences in fatigue variables were
foundamongst groups.
Resultsshowed more active decompression withthe adhesive glove group. Summary: Noevidence wasfound supporting
the new thumb and index finger technique as superior to the 2-thumb method. The adhesive glove enhanced active
decompression but did not reduce fatigue. Other issues: • Does the CPRtechnique cause fractures? Franke201
performed a 10-year retrospective survey to determine whether the 2-thumb technique causesrib fractures. Allinfants
received CPRpluschest X-rays. Medianage was9days. Summary:There was noevidenceofribfracturesinanycase.•
Bestlocationonthesternum:Using4assessmentmethodsovera wideagerange of infants,202 it wasconfirmed that
the heart lies under the lower third of the sternum. In addition, blood pressure readings were higher when cardiac
compressions were applied to the lower versus the middle third of the sternum. Use of the infantcomputed
tomography(CT) scandata (mean age,4.4 months)andadultthumbside-by-sidemeasurementsonmanikins203
confirmedthattheleftventriclelies mostlyunderthelowerquarterofthesternum.Nofunctionaldatawerecollected
toconfirmbetteroutcomes ifcompressionsfocusedonthatarea.Anassumptionwasmadethatthelowerthirdofthe
sternumwasthe best position for compressions.204 • Term and preterm babies: Correct positioning on the
chest was determined to be much better with the 2-thumb method in both groups of babies, although incorrect
placementswerefound forbothtechniquesin infantslessthan 1500g. ChestX-ray analysisoftermand preterm
babies205 found the heart to be under the lower third of the sternum. Chest CT scans of infants (mean age, 4.7 months),
compared with adult thumb measurements on a manikin, comparing the 2-thumb method side by side or
superimposed,206 demonstrated that the side-by-side methodincreases the likelihood of other organs (lungsand liver)
being under the points of compressions application. A manikin study looked at fatigue levels with the 2-thumb technique,
comparing side-by-side or superimposed thumb position207 demonstrated that the superimposedthumbtechnique
generated higher simulated blood pressure and pulse pressure but had a higher fatigue-rating score. Physiologic indices
of fatigue showed no difference between groups. CT scansofthechest tocomparethumb(side-by-side)/fingers
measurementsplacedonmanikinswereconducted to determine which method avoided compressing otherstructures
when using the lower third of the sternum.208 Both methods compress other structures, but the 2-thumb method
(side-by-side) performs better than the two finger method. The accuracy of using the nipple line to the xiphisternum
landmarks for 2-finger chest compression
wasfrom
examined
by Clements.209 They
concluded
that this
could
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result in abdomen and xiphisternum compression in all infants and suggested an alternate method of determining
position.

Summary: The lower one third of the sternum remains the best location to press over the newborn heart. Superimposed thumbs may be the better
technique.
Treatment recommendations:
We suggest that chest compressions in the newborn should be delivered by the 2-thumb, hands-encircling-the- chest method as the preferred option
(weak recommendation, very-low-quality evidence). We suggest that chest compressions should be delivered over the lower third of the sternum
(weak recommendation, very-low quality evidence).

Reviewer Comments (including whether meet criteria for formal review):
The large bulk of additional papers and proposed alternative ways of chest compression methods suggest a need for aformal SR.
Theavailable evidencesuggeststheuseof two-thumbencirclingtechniqueininfants, evenforthesinglerescuer. Awaiting
further evidence alternative methods probably should be considered as ‘rescue’ when standard methods become too tiring or are
difficult to perform.
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PBLS: AUTOMATED EXTERNAL DEFIBRILLATION
Appendix C-3
2020 Evidence Update Worksheet
Use of Automated External Defibrillators in infants with Out-of-Hospital Cardiac Arrest (PLS 425: EvUp)

Worksheet author(s): Martinez
Council: ERC

Date Submitted:
PICO / Research Question: PLS 425 (ERC RR22)
Amonginfants<1year(notincludingnewlyborn)whoareincardiacarrestinanysetting(P),doesAEDuse(I),compared with no use of
AEDs (C), change outcome (O)?
Adjusted:
P: Among infants and children who are in cardiac arrest in any setting
I: does the use of an AED at a certain moment in the algorithm
C:
1/ at another moment
2/ not using
3/ with dose attenuator
0: any
Type: intervention

Study Designs:

STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later) that
concern directly the population and intervention described above.

STEP1:Randomizedcontrolledtrials(RCTs)andnon-randomizedstudies(non-randomizedcontrolledtrials,interruptedtimeseries,controlled before-and-after studies, cohort studies) that concern directly the
population and intervention described above are eligible for inclusion. Case series are included if they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g.,
conference abstracts, trial protocols) are excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined abovebut considered informativeas additional evidence – taking
into account severe indirectness-forthe final evaluationofthewriting group’s conclusions regarding the implications for practice and research.
Timeframe: For STEP1, allyearsandalllanguagesareincluded,aslongasthereisanEnglishabstract. IfinStep0areview, guidelineor COSTR of high quality is withheld the further search only needs to be
done for the period beyond the identified primary source. Equally, for STEP2, incaseofahigh-qualityreview,guidelineorCOSTR,searchcanbelimitedtobeyonddatesand/orscopeofthat

Additional Evidence Reviewer(s): Turner – Biarent – Van de Voorde Conflicts
of Interest (financial/intellectual, specific to this question): _ Year of last
full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: PLS 001
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Consensus on Science
OneLOE4300and2LOE5288,301studiesshowedthatinfantsincardiacarrest(in-andout-of-hospital)mayhaveshockablerhythms.Evidencefrom3LOE 5302–304 studies
showed that many AEDdevices can safely and accurately distinguish betweena shockable and nonshockable rhythm in infants and children.
Theoptimal energy dose for defibrillationininfants has not been established, but indirect data from5 LOE 5 animal studies287,294,305–307 showed that the young
myocardiummay beable to toleratehigh-energy doses. In 3LOE 5animalstudies a pediatricattenuator usedwith an adult-dosebiphasicAEDshock wasaseffective and less
harmfulthan monophasicweight-baseddoses290 or biphasicadultdoses.292,293
Two LOE 4casereports308,309described survivalof infants with out-of-hospitalcardiacarrest when AEDuse was cou- pledwith bystander CPRand defibrillationusingan
AED.TwopediatricLOE5casereports310,311notedsuccessfuldefibrillationwithminimalmyocardialdamageandgoodneurologic outcome using an AED with adult
energy doses.

Treatment Recommendations
Fortreatment of out-of-hospital VF/pulseless VTininfants, therecommended method of shock delivery by device is listed inorder of preferencebelow. If there is any delay in
theavailability of the preferreddevice, the device that is available should be used. The AED algorithm shouldhave demonstrated high specificity and sensitivity for
detecting shockable rhythmsin infants. The order ofpreference is as follows:
1.
2.
3.

Manual defibrillator
AED with doseattenuator
AED without doseattenuator

COSTR BLS TF 2010 BLS 024: CPR Before

Consensus on Science
In 2 randomized controlled trials (LOE 1)1,2, a period of 11⁄2 to 3 minutes of CPR by emergency medical services (EMS) personnel before defibrillation did not improve ROSC or
survivalto hospitaldischargein patients without-of-hospitalVFor pulselessventricular tachycardia (VT),regardlessof EMSresponse interval. One before-and-after
study (LOE 3)3and another study (LOE 4)4 failed to demonstratesignificant improvements in ROSCor survival to hospital dischargewhenastrategyofCPRbefore
defibrillation(CPRfirst)wascomparedtoashock-firststrategy.IntheHayakawastudy,theCPR-firstgroupshowed ahigherrateoffavorableneurologicoutcome30days
and1yearaftercardiacarrest.3Onerandomizedcontrolledtrial(LOE1)5and1clinicaltrialwith historiccontrols(LOE 3)6comparing CPR-firstversusshock-firstalso
foundnooveralldifferenceinoutcomes.How-ever, inbothstudies, improvementsin ROSC,survivaltohospitaldischarge,neurologicoutcome,and1-yearsurvivalwere
observedinasubgroupofpatientswhoreceivedCPRfirst
where the EMS response interval was >4 to 5 minutes.

Treatment Recommendation
Thereisinconsistent evidence to support orrefutedelay indefibrillation to providea period of CPR (90 secondsto 3minutes) for patientsin non-EMS witnessed
VF/pulseless VT cardiac arrest.

2010 Search Strategy:
Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):
287. Berg MD, Samson RA, Meyer RJ, Clark LL, Valenzuela TD, Berg RA. Pediatric
defibrillation doses often fail to terminate prolonged out-ofhospital ventricular
fibrillationinchildren. Resuscitation. 2005;67: 63–67.
288. Rodriguez-Nunez A, Lopez-HerceJ, Garcia C, Dominguez P, Carrillo A,
Bellon JM. Pediatric defibrillation after cardiac arrest: initial response
and outcome. Crit Care. 2006;10:R113.
289. Atkins DL,HartleyLL,YorkDK. Accuraterecognitionandeffective
treatment of ventricular fibrillation by automated external defibrillators in
adolescents. Pediatrics. 1998;101:393–397.
290. BergRA,ChapmanFW,BergMD,HilwigRW,BanvilleI,WalkerRG, Nova
RC, Sherrill D, Kern KB. Attenuated adult biphasic shocks compared with
weight-based monophasic shocks inaswine model of
prolonged pediatric ventricular fibrillation. Resuscitation. 2004;61: 189–197.
291. ClarkCB,ZhangY,DaviesLR,KarlssonG,KerberRE.Pediatric
transthoracicdefibrillation: biphasicversusmonophasicwaveformsin an
experimentalmodel. Resuscitation. 2001;51:159 –163.
292. BergMD,BanvilleIL,ChapmanFW,WalkerRG,GaballaMA,Hilwig RW,
SamsonRA,KernKB,BergRA.Attenuatingthedefibrillation dosage
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decreasespostresuscitationmyocardialdysfunctioninaswine
model of pediatric ventricular fibrillation. Pediatr Crit Care Med. 2008; 9:429–434.
293. Berg RA, Samson RA, Berg MD, Chapman FW, Hilwig RW, Banville I,

WalkerRG,NovaRC,AnavyN,KernKB.Betteroutcomeafter pediatric
defibrillationdosagethanadultdosageinaswinemodelof pediatric
ventricular fibrillation. JAm Coll Cardiol. 2005;45:786 –789.
294. Tang W, Weil MH, Jorgenson D, Klouche K, Morgan C, Yu T, Sun S,
Snyder D. Fixed-energy biphasic waveform defibrillation in a pediatric
model of cardiac arrest and resuscitation. Crit Care Med. 2002;30: 2736–2741.
300. AtkinsDL,Everson-StewartS, SearsGK,DayaM,OsmondMH, Warden
CR,BergRA.Epidemiologyandoutcomesfromout-of-hospital cardiacarrest
inchildren:theResuscitationOutcomesConsortium Epistry-cardiac
arrest. Circulation. 2009;119:1484 –1491.
301. Samson RA, Nadkarni VM, Meaney PA, Carey SM, Berg MD, Berg
RA. Outcomes of in-hospital ventricular fibrillation in children. N Engl J Med. 2006;354:2328 –2339.
302. Cecchin F, Jorgenson DB, Berul CI, Perry JC, Zimmerman AA, Duncan
BW,LupinettiFM, SnyderD,LysterTD,RosenthalGL,CrossB, Atkins DL.Isarrhythmiadetectionby automaticexternaldefibrillator accuratefor
children?Sensitivityandspecificityofanautomaticexternaldefibrillatoralgorithmin696pediatricarrhythmias.
Circulation. 2001;103:2483–2488.
303. Atkins DL, Scott WA, Blaufox AD, Law IH, Dick M II, Geheb F, Sobh
J, Brewer JE. Sensitivityand specificityof anautomated external defibrillator algorithm
designedfor pediatric patients. Resuscitation. 2008; 76:168–174.
304. Atkinson E, Mikysa B, Conway JA, Parker M, Christian K, Deshpande
J, Knilans TK, Smith J, Walker C, Stickney RE, Hampton DR, Hazinski MF.
Specificityandsensitivityofautomatedexternaldefibrillator
rhythm analysis in infants and children. Ann Emerg Med. 2003;42: 185–196.
305. Babbs CF, Tacker WA, VanVleetJF, Bourland JD, Geddes LA. Therapeutic indices
fortranschest defibrillator shocks: effective, damaging,
and lethal electrical doses. Am Heart J. 1980;99:734 –738.
306. GabaDM,TalnerNS.Myocardialdamagefollowingtransthoracicdirect
current countershockin newborn piglets. Pediatr Cardiol. 1982;2: 281–288.
307. BergRA. Attenuatedadult biphasicshocksforprolongedpediatric
ventricularfibrillation:supportforpediatricautomateddefibrillators. Crit
Care Med. 2004;32:S352–355.
308. Bar-CohenY,WalshEP,LoveBA,CecchinF.Firstappropriateuseof automated
external defibrillator inaninfant. Resuscitation. 2005;67: 135–137.
309. Divekar A, Soni R. Successful parental use of an automated external
defibrillator for aninfant withlong-QT syndrome. Pediatrics. 2006;118: e526–e529.
310. Gurnett CA, Atkins DL. Successful use of a biphasic waveform
automated external defibrillator in a high-risk child. Am J Cardiol. 2000;86:1051–1053.
311. KonigB, Benger J, Goldsworthy L. Automaticexternal defibrillationin a 6
year old. Arch Dis Child. 2005;90:310 –311.
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2019 Search Strategy:
Database searched: Pubmed - Embase
Date Search Completed: 1 DEC 2019

Used terms
•

Automated external defibrillator – AED–“Suddencollapse”- dose attenuator, either as individual term(ti,ab,kw) or related
MESH Term; combined using Bolean operators

•

specific blocks defined for certain indicators:

paediatric:todefinethe‘paediatricpopulation’weusedthepredefinedBMIblock(https://blocks.bmi-online.nl)
cardiac arrest: CPR/cardiac arrest: “life support care” [MESH] OR“life support” [TIAB] ORcardiopulmonary
resuscitation [MESH] OR “cardiopulmonary resuscitation” [TIAB] OR ROSC [TIAB] OR “return of spontaneous
circulation” [TIAB] OR heart arrest [MESH] OR “cardiac arrest” [TIAB]
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o Toexclude NOT "Letter"[Publication Type] OR "Editorial"[Publication Type] OR “Comment"[Publication Type])
For Embase : we prefilteredtoavoidMedlineduplicatesbyusing[embase]/limNOT([embase]/limAND[medline]/lim)
o Cardiacarrest:(resuscitation:ti,ab,kwOR'resuscitation'OR'resuscitation'/expORresuscitationOR'heart'OR 'heart'/exp
OR heart) AND (arrest:ti,ab,kw OR 'heart' OR'heart'/exp OR heart) AND ('arrest' OR 'arrest'/expOR arrest)
o
o

•

Search Results (Number of articles identified / number identified as relevant): 868 /
STEP 0: 1 guideline, 1 SR, 1 narrative review
STEP 1: 13 observational studies
STEP 2: we further report on 9 papers that informed our taskforce insights
Key Themes
Theme1:WhentoattachanAED, andspecificallyinsuddenwitnessedcollapsevs. primarynon-cardiac Theme 2: Dose
per age
Inclusion/Exclusion Criteria: In: as
defined by PICOST

Ex: anti-epilepticdrugs; publicaccess AEDprograms; manualdefibrillator, studiesprimarily
concerningother ALS interventions; animal studies; letters, editorials or comments; unpublished
studies (e.g., conference abstracts, trial protocols), no English abstract; Newborn at Delivery
Link to Article Titles and Abstracts for 2019 search (if available on PubMed):
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Summary of Evidence Update:
# articles identified
GUIDELINE OR SYST. Topics addressed or PICO(S)T
REVIEW?
(Organisation);
Author; Year
Published
1. López-Herce 2018
AED During Basic CPR in Children
Expert opinion (n=20, from Latine152 GL Consensus
Recommendation
American countries); Delphi-method
document about
based consensus. Recommendations
were only made if > 80% consensus.
the Pediatric CPR
recommendations
for Latin America
Key findings:
The majority of CA in children are due to respiratory failure, trauma, or sepsis. This is the reason why most CA
rhythms in children who sustain an out-of-hospital CAare nonshockable rhythms. Furthermore, veryfew places
in Latin America have an AEDeasily available. Thus, weconsiderthat teaching how to usethe AED isnota
priority in basic CPR.It is muchmore important to stress theimportance of preventionandearly detection of
CA as well as providing prompt and high-quality ventilation and chest compression techniques during CPR.
Each country should assess when and how they should teach how to use the AED during pediatric CPR in their
training programs. (Agreement: 94.7%. Median score 9, range 5–9.)
The quality of the guideline was evaluated by the AGREE2 tool. It was considered of medium quality due to
limited rigour (domain 3).
13 (till January 2014)
2. Rossano 2015 526 use of AEDs in infants
SR
The Scientific
Advisory Council of
the American Red
Cross
Keyfindings: Therewere4studiesontheaccuracyofAEDsinrecognizingpediatricarrhythmias.Casereports
(n= 2) demonstrated successful use of AED in infants, and aretrospective review (n= 1) ofpediatric pads
forAEDsincluded infants.Six studiesaddressed defibrillation dosages used. The algorithmsusedby AEDshad
high sensitivity and specificity for pediatric arrhythmias and very rarely recommended ashock inappropriately.
The energy doses delivered by AEDs were high, although in the range that have been used in out-of-hospital
arrest. There are data to suggest that 2 to 4 J/kg may not be effective defibrillation doses for many children
The quality of this SR was evaluated by the AMSTAR2 tool. It was considered of below moderate quality due to
unclarities in terms of study selection and study quality appreciation.
3. Hoyt 2019 2599

use of AEDs in veryyoung infants. Case report
in a 31-day-old previously healthy infant with
OHCA with narrative review.

6 (narrative review)

Keyfindings: Current resuscitation guidelines state that the safety of (AEDs) in infants less than 1 year of age is
unknown. Hesitancy for AED use in small infants arises from a concern for myocardial damage.
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The incidence of out-of-hospital cardiac arrest (OHCA) in infants (<1 year, 72.7 per 100 000) is approximately 10
to 20 times higher than in children (1-11 years, 3.7 per 100 000) or adolescents (12-19 years, 6.4 per 100 000),
approaching the incidence in adults (126.5 per 100 000). Previous reports illustrate successful AED use in 4 and
8-month-old infants without negative effects on cardiac function. (Bar Cohen –Divekar) Both of those infants
were known to be at risk for ventricular arrhythmias, and the parents had been previously instructed in AED
use. More recently, casereports from Senegal and Japan described in-hospital AED use for infants as young as
35 and 31 days of age.(Aoki, Afflanga). Inappropriate shocks from an AED using adult pads on a 2-week-old 3.6
kgchildhavebeenreported(Tejman-Yarden) Althoughthatchildreceiveda222J shockfollowedbya218J
shock, there were no skinburns and only mildly reduced cardiac function which normalized after 2 days.
Inall reportedinfant AEDcases, the patientssurvivedtohospitaldischargewithout myocardial problems.
Non-RCT OR
OBSERVATIONAL
(acronym);
Author; Year
Published
1. De lucas 2019
e24 (only
abstract)

Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

Summary/Conclu
sion - Comments

2. Griffis 2018
A16187, only
abstract
Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

Study type/design; Study size (N)

Patient Population
(inclusion criteria)

To know the frequency of shockable rhythms
Paediatric cardiac arrest in emergency
department or OHCA (children under 18
(VF or pulselessVT) in emergency department
years old)
cardiac and out-of-hospital cardiac arrest
(OHCA) in children, and its prognosis
compared to other rhythms. Prospective
multicentre study; n= 229
84.7% of pediatric CA, them were OHCA; In <1 yo 1,3% shockablefirst rhythm; 1-7 yo
7,4%; 8-18 yo 19,6%; overall 8,3%).
16/19 patients with first shockable rhythm were witnessed cardiac arrests, 18/19 were
OHCA, 12/19 were defibrillated with AED (automated external defibrillator).
Patientswithfirstshockablerhythmdidn’thavesignificantdifferenceinproportionof
sustained ROSC but had higher survival at hospital discharge (61.1% vs 22.8%), p<
0.0001, RR 2 (1.1–3.6) - higher POPC 1 or 2 at 6 months (41.2% vs 15.1%), p= 0.007, RR
1.4 (1.1–2.4) and had more frequently presumed cardiac aetiology (77.8% vs 15.6%), p <
0.0001, RR 5.0 (3.2–7.9).
There was no significant difference between shockable and no-shockable group for other
well-known prognosis factors like lactate, pH or PELOD.
Shockablerhythmsarenotinfrequentinchildrenover1yearoldandhavingthemasfirst
rhythm is a good prognosis factor of overall outcome at 6 months. Defibrillation -including
AED- shouldbeanimportant component ofpaediatric resuscitation, mainlyinchildren
over 8 years old.
analysis of the Cardiac Arrest Registry to
age≤ 18years of age,public arrests,and
Enhance Survival database; n=971public
non-traumatic OHCAfromJanuary1,
pediatric OHCA (66% male, 32% white) .
2013 through December 31, 2017.
AEDs were used by bystanders in 117 (10.3%). AEDs were used among 2.3% of children
aged≤1 year(infants), 8.3% of2-5year-olds,12.4% of6-11year-olds,and18.2% of1218 year-olds (p<0.001).
AED use was more common with the provision of bystander CPR (19.1%) vs no bystander
CPR(0.9%), witnessed arrests(16.0%)vsunwitnessedarrests(4.7%),andarrestswitha
shockable rhythm (23.6%) vsa nonshockable rhythm (6.3%) (p<0.001 for all).
Overall, adjusted neurologically favorable survival was 29.1% (95% CI 22.7%, 35.5%) when
a bystander used an AED compared to 23.7% (95% confidence interval [CI] 21.1%, 26.3%)
for no bystander AED use (p=0.11). There was a significant interaction with age and race /
ethnicity.
AEDs were associated with neurologically favorable survival among children aged 12-18
years (p=0.04) but not associated with neurologically favorable survival in children ≤ 1
year (p=0.43), 1-5 years (p=0.16) or 6-11 years (0.41).
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Summary/Conclu
AED use is uncommon
in www.aappublications.org/news
children suffering OHCA
sion - Comments improvedneurologically favorablesurvival. Thebenefit ofAEDs was evident mostly for

adolescents and white children.
3.Pundi 2015 776 Retrospective review of the electronic medical
records; children with LongQT syndrome; n=291

Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

Summary/Conclu
sion - Comments

4. Goto 2016
e003589

Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

Summary/Conclu
sion - Comments

Of 1665 patients evaluated in our
Genetic Heart RhythmClinic (1999–
2013) 291 children managed without
an implantable cardioverterdefibrillator (ICD).
The average age at diagnosis was 8.3 +/- 5.7 yearswith an average. QTc of 463 +/- 40
ms(17%Z500 ms).
During follow-up, 3 of 291 children (1%) had a cardiac arrest with anappropriate AED
rescue (2/51 symptomatic, 1/240 asymptomatic).
Thefirst AED rescue occurredduring exercise in asymptomatic 3-year-old boy with
compound LQT1 treated with beta-blocker and videoscopic left cardiac sympathetic
denervation (LCSD).The second AED rescue occurred in a remotely symptomatic 14-yearoldboy withhigh- riskLQT2(QTc 4550ms)on a beta-blocker who previously declined
aprophylactic ICD.The third AED rescue involved an asymptomatic 17-year-old girl with
LQT3 on mexiletine who collapsed in school.
An AED should seldom be necessary in an appropriately treated child with LQTS.
Nevertheless,despite only3 AED rescues in more than 1700 patient-years, an AED can be
a life saving and cost-effective part of an LQTS patient’s comprehensive sudden death
prevention program.
The effect of asubsequent treated shockable
From the All-Japan Utstein Registry,
12402 children (aged <18 years) with
rhythm during cardiopulmonary resuscitation
OHCAarrest and initial non shockable
on the outcome of children who suffer out-ofrhythms were analyzed.
hospital cardiac arrest with initial nonshockable rhythm is unclear. Retrospective
Patients were divided into 2 cohorts:
studyAll-JapanUtsteinRegistry,n=12402
subsequent treated shockable rhythm
(YES; n=239) or (NO; n=12 163)
The rate of 1-month cerebral performance category 1 to 2 in the subsequent treated
shockable rhythm (YES) cohort was significantly higher when compared to the subsequent
treated shockable rhythm (NO) cohort (4.6% [11 of 239] vs 1.3% [155 of 12 163]; adjusted
odds ratio, 2.90; 95% CI, 1.42–5.36; all P<0.001).
In the subsequent treated shockable rhythm (YES) cohort, the rate of 1-month cerebral
performance category 1 to 2 decreased significantly as time to shock delivery increased
(17.7% [3 of 17] for patients with shock-delivery time 0–9 minutes, 7.3% [8 of 109] for 10–
19 minutes, and 0% [0 of 109] for 20–59 minutes; P<0.001 [for trend]).
The shock delivery time in the YES cohort was 19 minutes median [IQR 14-26].
Age-stratifiedoutcomesshowednosignificantdifferencesbetweenthe2cohortsinthe
group aged <7 years old: 1.3% versus 1.4%, P=0.62.
The median age for the group with subsequent treated shockable was 12y [IQR 5-16]. In
childrenyounger than1year(n=5154) only 26hadasubsequentshockablerhythm.
In children with out-of-hospital cardiac arrest and initial non-shockable rhythms,
subsequent treated shockable rhythm was associated with improved 1-month survival
with favourable neurological outcomes. In the cohort of older children (7– 17 years), these
outcomes worsened as time to shock delivery increased.
There was no info about how many of these AED were applied by bystanders and how
many by paramedics.
Despitebeingfrom asingle country and thus prone to be relatedtothe localreality,the
sample is solarge that in itself the study puts in a lot of weight. The study might further
be influenced by selection bias. Data from before 2015.

5. Johnson 2014,
920

Patients were included if they were
Prospective observational study CARES Registry; older than 1 year of age and had a
Downloaded
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documented
resuscitation
attempt
n=217 (as part
of a larger
database)
from October 1, 2005 through

Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

December 31, 2009 from an arrest
presumed to be cardiac in nature.
129 patients were 1–8 years ofage (younger children), 88 patients were 9–17 years of
age (older children), and 19,338 patients were ≥18 years of age (adults).
When compared to adults, younger children were less likely to be found in a shockable
rhythm (young children 11.6%, adults 23.7%) and were less likely to have an AED used
(young children 16.3%, adults 28.3%). Older children had asimilar prevalence of
shockable rhythms as adults (31.8%) and AED use (20.5%). A multivariable analysis
demonstrated that, when compared to adults, younger children had decreased odds of
having an AED used (OR 0.42, 95% CI 0.26–0.69), but there was no difference in AEDuse
among older children and adults.

Summary/Conclu
sion - Comments

Young children suffering from presumed out-of-hospital cardiac arrestsare less likely to
have a shockable rhythm when compared to adults and are less likely to have an AED
used during resuscitation.

6. Johnson 2018
A51

Secondary analysis of prospectively collected
data (CARES registry (see also 5); n=481

Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

Patients were included if they were
older than 1 year of age and had a
documented resuscitation attempt
from October 1, 2005 through
December 31, 2009 from an arrest
presumed to be cardiac in nature.
The overall survival was 5.6 %(95% CI: 3.7-8.1), and neurologically intact survival was
3.5% (95% CI: 2.0- 5.6).
Acrossall age strata, asystole was the most common initial rhythm. Sixty-six (13.7 %(95%
CI: 10.8-17.1) patients had ashockable rhythm with increasing percentages of shockable
rhythms at older ages (<30 days: 3.2% (n=2); 30 days-1 year old: 3.4% (n=7); 1-5 years
old:10.1% (n=7); 5-12 years old: 22.1% (n=13); 12-18 years old: 31.8% (n=27), p<0.05).
Overall AED use for the sample was 70/481; 14.6% (95% CI: 11.5-18.0) while the provision
of bystander CPR was 160/481; 33.3% (95% CI: 29.1-37.7).

Summary/Conclu
sion - Comments
7. Nehme 2018
43

Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

Despite asimilar rate of bystander CPR and higher rate of AED use, pediatric CA have
lower overall and neurologically intact survival as compared to the adult population.
Observational study state of Victoria 2000paediatric OHCA events attended by
emergency medical services;
2016; n= 1301 of which 948 attempted
children aged ≤16 years who suffered a
resuscitation
non-traumatic OHCA Australia.
72.9% received an attempted resuscitation. The overall incidence of EMS-attended and
EMS treated events was 6.7 and 4.9 cases per 100,000 person-years, with no significant
changes in trend. Although the proportion of cases with OHCA identified in the call and
receiving bystander CPR increased over time, EMS response times also increased.
Unadjusted event survival rose from 23.3% in 2000 to 33.3% in 2016 (p trend=0.007), and
survival to hospital discharge rose from 9.4% to 17.7% over the same period (p
trend=0.04). Increases in survivalto hospital discharge were largely driven by initial
shockable arrests, which rose from 33.3% in 2000 to 60.0% in 2016 (ptrend=0.005).
Survival after initial shockable arrests was higher if the first shock was delivered by either
first responder or public AED compared with paramedics (83.3% vs. 40.0%, p=0.04). After
adjustment, the odds of event survival and survival to hospital discharge increased
independent ofbaselinecharacteristics,by 7%(OR1.07, 95%CI:1.03, 1.11; p=0.001)and
8% (OR 1.08, 95% CI: 1.01, 1.15; p=0.02) per study year, respectively.
Characteristics in < 1y old: n= 430; 3,9% were shockable rhythms, there was 11% event
from
www.aappublications.org/news
by guest on November 18, 2020
survival and Downloaded
4,1% were
discharged
alive.

Summary/Conclu
sion - Comments
8. El Assaad 2018
e20171903
Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

Survivalfollowingpaediatric OHCAincreasedovera17year period.This wasdriven, in
part, by improving outcomes for initial shockable arrests.
Prospectively cohort study from the Cardiac pediatricpatients(nontraumatic OHCA
2013-2015 (age >1 to≤18 years old)
Arrest Registry to Enhance Survival CARES
Registry; n=1398
64% boys, 45% white and median age of 11 years old.
An AED was applied in 28% of the cases.
Factors associated with pre-EMS AED application in univariable analyses were older age
(OR 1.9; 12-18 years old vs 2-11 years old; P<.001), white versus African American race
(OR: 1.4; P=.04), public location (OR: 1.9; P<.001), witnessed status (OR: 1.6; P<.001),
arrests presumed to be cardiac versusrespiratory etiology (OR: 1.5; P=.02) or drowning
etiology (OR: 2.0; P<.001), white-populated neighborhoods (OR: 1.2 per 20% increase in
white race; P=.01), neighborhood median household income (OR: 1.1 per $20000
increase; P=.02), and neighborhood level of education (OR: 1.3 per 20% increase in high
school graduates; P = .006).
However, only age, witnessed status, arrest location, and arrests of presumed cardiac
etiology versus drowning remained significant in the multivariable model.
The overall cohort survival to hospital discharge was 19%.

Summary/Conclu
sion – Comments

The overall pre-EMS AED application rate in pediatric patients remains low, and more
likely in older children, witnessed arrest, public location and of presumed cardiac origin.

9. Tsuda 2109
1333

Retrospective cohort study; n=25

Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

Eighteen patients (/25) had no prior cardiac diagnosis. Cardiac arrest occurred in 10
patients with more than moderate exercise, in 7 with light exercise, and in 8 at rest
(including one during sleep).
Twenty-two patients were resuscitated with AED, all of which were recognized as a
shockable cardiac rhythm.
Thorough investigations revealed 6 ion channelopathies (4 catecholaminergic
polymorphicventriculartachycardia,onelong QTsyndrome, andoneBrugadasyndrome),
5 congenital heart disease (including 2 with coronary artery obstruction), 6
cardiomyopathies, 2 myocarditis, and 2 miscellaneous. Four patients had no identifiable
heart disease.
In 5 patients, the downloaded AED-recorded rhythm strip delineated the underlying
arrhythmias and their responses to electrical shocks.
Four patients who presented with generalized seizure at rest were initially managed for
seizure disorder until AED recording identified lethal ventricular arrhythmias.
AED reliably identifies the underlying lethal ventricular arrhythmias in addition to
aborting SCD. Four of 25 patients (16%) were initially managed for possible seizure
disorders until AED recording identified lethal ventricular arrhythmia.
The AED recording of the lethal arrhythmia during cardiopulmonary resuscitation (CPR)
should always be obtained as it plays acrucial role in the decision-making process before
ICD implantation. All medical providers should become familiar with downloading cardiac
rhythm strips from AED when requested
Retrospective analysis of a prospective registry pediatric patients < 18 years with an
(Get With The Guidelines-Resuscitation national IHCA and a first documented rhythm of
registry between January 1, 2000, and
pulseless VT or VF and at least 1
December 31, 2015); n=477
defibrillation attempt
Among 477 patients with a pulseless shockable rhythm (median age 4 years [IQR 3
months to 14 years]; 285 [60%] male), 338 (71%) had a first defibrillation attempt at 2

Summary/Conclu
sion - Comments

10. Hunt 2018
e182643

Results primary
endpoints

25(1.3-17.5yearsold) patientswith
aborted sudden cardiac death
(surviving CA with CPR)
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(Pvalue; ORor
RR; & 95% CI)

minutes or less after pulselessness. Children were less likely to be shocked in 2 minutes or
less for ward vs intensive care unit IHCAs (48% [11 of 23] vs 72% [268 of 371]; P=.01]).
Thirty-eight percent (179 patients) survived to hospital discharge. The median reported
time to first defibrillation attempt was 1 minute (IQR 0-3 minutes) in both survivors and
non-survivors. Time to first defibrillation attempt was not associated with survival in
unadjusted analysis (risk ratio [RR] per minute increase 0.96; 95% CI [0.92-1.01]; P=.15)
oradjustedanalysis (RR0.99;95% CI [0.94-1.06];P=.86).Therewas no differencein
survivalbetween thosewith afirst defibrillationattempt in2minutes or less vs morethan
2 minutes in unadjusted analysis (132 of 338 [39%] vs 47 of 139 [34%]; RR 0.87; 95% CI,
0.66-1.13; P=.29) or multivariable analysis (RR 0.99; 95% CI, 0.75-1.30; P=.93). Time to
first defibrillation attempt wasalso not associated with secondary outcome measures.

Summary/Conclu
sion - Comments

11. Mitani 2013
1259

Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

In contrast to published adult IHCA and pediatric out-of-hospital cardiac arrest data, no
significant association was observed between time to first defibrillation attempt in
pediatric IHCAwith afirst documented shockable rhythm and survival to hospital
discharge.
High-Quality observational study (large sample, rigorous methodology, clear criteria for
inclusion and exclusion). However, only IHCA, and risk of selection bias. Paper in itself not
about AED. Data from before 2015.
aprospective, nationwide,population-based
consecutive OHCA cases in elementary
Japanese Utstein registrystudy 2005-2009;
and middle school children (7-15 years
n=230
of age) who had a bystanderwitnessed arrest of presumed cardiac
origin and received pre-hospital
resuscitation by emergency responders
Among 230 eligible patients enrolled, 128 had ventricular fibrillation (VF) as an initial
rhythm. Among these 128 patients, 29 (23%) children received afirst shock by a
bystander. Among these 29 patients, the proportion of the favourable neurological
outcome after OHCA was 55%.
During the study period, the proportion of patients initially shocked by a bystander among
eligiblepatientsincreasedfrom2to21%(P=0.002fortrend).Theproportionofpatients
with a favourable neurological outcome after OHCA increased from 12 to 36% overall (P=
0.006). Such a temporal improvement was observed only in non-family memberwitnessed arrests, from 9% in 2005 to 53% in 2009 (P = 0.001). The proportion of survival
at 1 month after OHCA(P= 0.008) and ROSC before arrival at the hospital (P= 0.046)
increased only in non-family member-witnessed arrests, from 17 and 17% in 2005 to 53
and 42% in 2009, respectively.
The collapse to AED time tended to become shorter only in non-family member-witnessed
arrests, from 11.1 min in 2005 to 8.3 min in 2009 (P = 0.07).
The overall response times (minutes) were: collapse to CPR (4.9±6.5 in 2005 to 5.3±6.1 in
2009); collapse to AED (11.8±4.8; 10.3±8.4); collapse to EMS (42.1±17.2; 37±20.7).
The collapse to defibrillation time was shorter in bystander-initiated defibrillation when
compared with defibrillation by emergency responders (3.3 ± 3.7 vs. 12.9 ± 5.8 min, P<
0.001), and was independently associated with a favourable neurological outcome after
OHCA [multivariable analysis P 0.03, OR per 1 min increase 0.90 (95% CI 0.82-0.99)]. A
non-family member's witness was independently associated with VF as the initial rhythm
[P < 0.001, OR 4.03 (2.08-7.80)].
In multivariable analysis, the collapse to AED time was the only variable independently
associated with the survival at 1 month [P = 0.045, 0.92 (0.85–0.99)] and pre-hospital
ROSC [P = 0.001, 0.82 (0.73–0.92)].

Downloaded
www.aappublications.org/news
guest on
18, 2020
Summary/Conclu
Implementation
of PADfrom
improved
the outcome afterby
OHCA
inNovember
school-age
children at
sion - Comments national level in Japan

This is the first population-based prospective study, which specifically addressed the
impact of public access defibrillation on the outcome of out-of-hospital cardiac arrests
(OHCAs) in elementary and middle school children (7-15 years old), based on the Utstein
records. Data from before 2010. Risk of selection bias and unmeasured confounding
factors (i.e. quality of bystander's CPR).
12. Nagata 2014 aprospective, nationwide,population-based
children aged 5-17 years who
e003481
Japanese Utstein registrystudy 2007-2010;
experienced OHCA and received
n=2900
resuscitation by emergency
responders. External causes excluded.
(Twosamples of1450pts tovalidate
prediction models; Signal Detection
Analysis)
Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

OHCA was identified as ‘cardiac origin’ in 706 participants and non-cardiac origin in 2194
participants. Rates of CPC 1 or 2 for cardiac and non-cardiac causes were 20% and 6.4%,
respectively.
‘Cardiac origin’ arrest was categorised following signal detection into six subgroups
defined by public automated external defibrillator use, defibrillation by emergency
medical service, age, initial ECG rhythm and eyewitness to arrest; the ranges of CPC 1 or 2
in the six subgroups were between 87.5% and 0.7%.

‘Non-cardiac’ origin arrest was categorised into four subgroups. Bystander rescue
breathing was the most significant factor contributing to outcome; additionally, two other
factors [eyewitness to arrest and age] were also significant. CPC 1 or 2 rates ranged
between 38.5% and 4% across the four subgroups.
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Summary/Conclu
sion - Comments

Rates of CPC 1 or 2 in the validation study did not differ among any subgroup. The
proportions by some subgroups seem different between samples (ie, 87.5% for sample 1
and 35.3% for sample 2 for subgroup 1 in patients with cardiac origin). Small sample size
due to grouping after split-half could contribute to inconsistency, which might affect the
generalisability of the findings.
As for other epidemiological studies, data validity, integrity and bias should be taken into
account. For example, the diagnosis of presumed cardiac arrest was decided exclusively,
and non-cardiac cause was given when there was no obvious evidence of acardiac arrest.
Forcardiac OHCA, thestudy identified five factors—public AEDuse, initial ECGrhythm,
defibrillation, age and witnessed cardiac arrest—contributing to CPC 1 or 2.
Fornon-cardiac OHCA, it identifiedthreefactors—bystanderrescuebreathing, witnessed
cardiac arrest and age—contributing to CPC 1 or 2.
Before 2010. The resuscitation performance for OHCA in children changes year after year,
and this may not be fully reflected in the analysis.

13. Swor 2013
426
Results primary
endpoints
(Pvalue; ORor
RR; & 95% CI)

Telephone survey of CA bystanders to Schools CAat K12 schools –bystandersurvey
CAincommunitiesparticipatingin CARESanda
local CA database, 2005-2011; n=47
Of 47 CA events in K12 schools, 21 (45.7%) were at high schools, a minority (16, 34.0%)
were children (<age 19), most (39, 83.0%) were witnessed arrests, amajority (36, 76.6%)
received bystander CPR,and 27(57.4%) were initially inventricular fibrillation (VF).
Most arrests (28/40, 70%) occurred during the school day (7a-5p). From this population,
15 (31.9%) survived to hospital discharge.
Atelephoneinterviewwas completed for30of47K-12events.Nineteenschools hadan
AED on site. Most schools (84.2%) with AEDs reported that they had a training program,
andpersonnel identifiedfor its use. An AEDwas applied in 11of19patients,of these8
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were in VF and 4 (all VF) survived to hospital discharge. Bystanders identified multiple
reasons for non-use of the AED in the other eight patients.
Summary/Conclu
sion - Comments

AED application by laypersons was infrequent but resulted in excellent (4/11) survival.
AEDs were not used in a substantial proportion of incidents and further attention must be
paid to planning for emergency response on school campuses.

STEP2 ‘Background’:
-

-

-

-

-

Budolfsen 2018 Suppl 2 A162 (abstract): Analysis on all commercially available AEDs sold to laypersons
in Denmark (n=28). Separate pediatric electrodes were required for 19 (68%) AEDs which were sold as
an accessory. Activation of “pediatric mode” was available in 10 (36%) AEDs leading to an automatic
adjustment of shock energy level thereby making the use of adult electrodes in children possible. This
feature consisted of a “pediatric button” in 8 (29%) devices and 1 (4%) device required insertion of an
accessory “child key”. Data on default energy levels were available for 27 (96%) of devices. Median
first shock energy level was 50J (Q1; 50J, Q3; 50J) with arange from 15-50J. Median third shock energy
level was 50J (Q1; 50J, Q3; 83.5J) with a range from 50-140J.
Huang 2014 CD009803 Cochrane review: 4 RCT (n=3090), adult. Low quality evidence. Inconclusive
whether immediate defibrillation and one and one-half to three minutes of CPR as initial therapy
before defibrillation in OHCA have similar effects on rates of return of spontaneous circulation, survival
to discharge or neurological insult.
Several papers highlighted the increased hands-off time when using an AED (Rhee 2009 231,
Eilevstjonn 2005 95, Beesems 2016 1, Van Alem 2003 449) and proposed ways to decrease these noflow times.
Several papers specifically looked at the implementation of public-access defibrillation programs and
identified improved outcomes related to public-access AED shock delivery (Kiyohara 2018 890,
Karlsson 2019 30)
Masahiko 2013 1568: A prospective population-based, observational study included all EMS-treated
OHCA due to drowning in Osaka, Japan, between 1999 and 2010 (excluding 2004). 1737 (3% of OHCAs)
were due to drowning (36 younger children [2%], 32 older children [2%], and 1669 adults [96%]). Of
the 68 children only 1 older child had a VF as first identified rhythm. In the overall population, first
shockable rhythm had a clear positive impact on outcome.

Reviewer Comments (including whether meet criteria for formal review):
Early defibrillationinpatientswitha‘shockable’ cardiacarrestgivesahighlikelihoodofROSC, inchildrenasinadults, andasubsequentgood neurologicaloutcome.However,inchildrenwithaprimary‘nonshockable’rhythm,theuseofthatsameAEDmightincreaseno-flowtime and divert attention fromthosethings that are actually influencingoutcome (rescue breaths…). Thelikelihood ofhaving a shockable
rhythm ismuchhigherinforinstanceolderchildren,childrenwithspecificmedicalhistory,thosewithsuddenwitnessedcollapse,butshockable rhythmscanalsooccurinothercasesincludingeventhevery
young.Onlyaverysmallproportionofchildrenwithaninitialnon-shockable rhythm will have a subsequent shockable rhythm but again the number is above 0 (0.5-2%).

Consideringthecurrentcertaintyoftheevidence,beingverylow,wedonotseeaneedtochangetheexistingrecommendations
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PBLS: PREVENTION OF CARDIAC ARREST
Appendix C-4
2020 Evidence Update Worksheet
Pediatric medical emergency/Rapid response teams (PLS 397: EvUp)
Worksheet author(s): Jonathan Duff & Benny Joyner
Council AHA
Date Submitted: December 2nd, 2019
PICO / Research Question: PLS 397
For infants and children in the in-hospital setting (P), does the use of pediatric METs/RRTs (I), compared with compared
with not using METs/RRTs (C), change Cardiac arrest frequency outside of the ICU, Cardiac arrest frequency, overall
hospital mortality (O)?
Outcomes:
1. Cardiac arrest frequency outside ICU
2. Cardiac arrest frequency
3. Overall hospital mortality
Type (intervention, diagnosis, prognosis): Intervention
Additional Evidence Reviewer(s): None
Conflicts of Interest (financial/intellectual, specific to this question): None
Year of last full review: 2010 / 2015 / New question: 2015
Last ILCOR Consensus on Science and Treatment Recommendation:
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Consensus on Science:
For the critical outcome of cardiac arrest outside the ICU, we identified very-low-quality evidence from 7 pediatric
observational studies (downgraded for risk of bias, inconsistency, and imprecision). All 7 studies showed that the rate
of cardiac arrest outside the ICU declined after institution of a MET/RRT system (unadjusted relative risk [RR] less
than 1), but none achieved statistical significance.(Brilli 2007, 236-246; Hunt 2008, 117-122; Hanson 2009, 500-504;
Tibballs 2009, 306-312; Anwar ul 2010, 273-276; Kotsakis 2011, 72-78; Bonafide 2014, 25-33) There was enough
potential variability between the studies (of both patient and healthcare system factors, including the baseline
incidence of cardiac arrest) that a decision was made to not pool the data. For the critical outcome of all arrests
(cardiac and respiratory) outside the ICU, we identified very-low-quality evidence from 4 pediatric observational
studies (downgraded for risk of bias and imprecision). One study(Sharek 2007, 2267-2274) demonstrated a
statistically significant decline (P=0.0008), whereas the other 3 studies(Zenker 2007, 418-425; Hunt 2008, 117-122;
Hayes 2012, e785-e791) did not. For the critical outcome of respiratory arrest, we identified very-low-quality
evidence from 1 pediatric observational study(Hunt 2008, 117-122) (downgraded for risk of bias and imprecision)
that observed a decline in respiratory arrests (RR, 0.27; 95% confidence interval [CI], 0.05–1.01; P=0.035). For the
important outcome of cardiac arrest frequency, we identified very-low-quality evidence from 1 pediatric
observational study(Brilli 2007, 236-246) (downgraded for risk of bias and imprecision) that was not statistically
significant (RR, 0.3; 95% CI, 0–1.04; P=0.07). For the important outcome of overall hospital mortality, we identified
very-low-quality evidence from 6 pediatric observational studies (downgraded for risk of bias, inconsistency, and
imprecision). Three studies(Brilli 2007, 236-246; Sharek 2007, 2267-2274; Tibballs 2009, 306-312) observed a decline
in deaths, and 3 did not.(Zenker 2007, 418-425; Hanson 2010, 314-318; Kotsakis 2011, 72-78)
Treatment Recommendation:
We suggest the use of pediatric MET/RRT systems in hospitals that care for children (weak recommendation, very-lowquality evidence). Values, Preferences, and Task Force Insights In making this recommendation, we place a higher value
on the potential to recognize and intervene for patients with deteriorating illness over the expense incurred by a
healthcare system by committing significant resources to implement a MET/RRT system. We recognize that the
decision to use a MET/RRT system should be balanced by the existing resources and capabilities of the institution.

2015 AHA Recommendation
2015 Evidence Summary
Observational data have been contradictory and have not consistently shown a decreased incidence of cardiac and/or
respiratory arrest outside of the ICU setting.14–16 The data addressing effects on hospital mortality were inconclusive.
2015 Recommendation—Updated
Pediatric medical emergency team/rapid response team systems may be considered in facilities where children with
high-risk illnesses are cared for on general in-patient units (Class IIb, LOE C-LD).
2010/2015 Search Strategy:
(“Infant"[Mesh] OR "Child"[Mesh] OR "Child, Preschool"[Mesh] OR "Pediatrics"[Mesh] OR "child*"[TIAB] OR
"paediatric*"[TIAB] OR "pediatric"[TIAB]) AND ("Heart Arrest"[Mesh] OR "cardiac arrest"[TIAB] OR "cardiovascular
arrest"[TIAB] OR "heart arrest"[TIAB] OR "asystole"[All Fields] OR "pulseless electrical activity"[All Fields] OR "Advanced
Cardiac Life Support"[All Fields] OR "ACLS"[TIAB] OR "Ventricular Fibrillation"[Mesh:noexp] OR "cardiopulmonary
resuscitation"[All Fields] OR "cardiopulmonary arrest"[TIAB] OR "cardiopulmonary arrests"[TIAB]) AND ("Hospital Rapid
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Response Team"[Mesh] OR “medical
emergency team”[TIAB] OR “medical emergency teams”[TIAB] OR “medical

emergency response team”[TIAB] OR “medical emergency response teams”[TIAB] OR pMET[TIAB] OR MERT[TIAB] OR
MET[TI] OR pMERT[TIAB] OR “rapid response system”[TIAB] OR “rapid response systems”[TIAB] OR “rapid-response
system”[TIAB] OR “rapid-response systems”[TIAB] OR “rapid-response team”[TIAB] OR “rapid-response teams”[TIAB] OR
“rapid response team”[TIAB] OR “rapid response teams”[TIAB] OR RRT[TIAB] OR pRRT[TIAB] OR RRs[TIAB] OR
pRRs[TIAB])) NOT ("Wounds and Injuries"[Mesh] OR Trauma[TIAB]) AND English[lang]
2019 Search Strategy: Unchanged (Run from 2014 on)
(“Infant"[Mesh] OR "Child"[Mesh] OR "Child, Preschool"[Mesh] OR "Pediatrics"[Mesh] OR "child*"[TIAB] OR
"paediatric*"[TIAB] OR "pediatric"[TIAB]) AND ("Heart Arrest"[Mesh] OR "cardiac arrest"[TIAB] OR "cardiovascular
arrest"[TIAB] OR "heart arrest"[TIAB] OR "asystole"[All Fields] OR "pulseless electrical activity"[All Fields] OR "Advanced
Cardiac Life Support"[All Fields] OR "ACLS"[TIAB] OR "Ventricular Fibrillation"[Mesh:noexp] OR "cardiopulmonary
resuscitation"[All Fields] OR "cardiopulmonary arrest"[TIAB] OR "cardiopulmonary arrests"[TIAB]) AND ("Hospital Rapid
Response Team"[Mesh] OR “medical emergency team”[TIAB] OR “medical emergency teams”[TIAB] OR “medical
emergency response team”[TIAB] OR “medical emergency response teams”[TIAB] OR pMET[TIAB] OR MERT[TIAB] OR
MET[TI] OR pMERT[TIAB] OR “rapid response system”[TIAB] OR “rapid response systems”[TIAB] OR “rapid-response
system”[TIAB] OR “rapid-response systems”[TIAB] OR “rapid-response team”[TIAB] OR “rapid-response teams”[TIAB] OR
“rapid response team”[TIAB] OR “rapid response teams”[TIAB] OR RRT[TIAB] OR pRRT[TIAB] OR RRs[TIAB] OR
pRRs[TIAB])) NOT ("Wounds and Injuries"[Mesh] OR Trauma[TIAB]) AND English[lang]
Database searched: Pubmed
Date Search Completed: October 2019
Search Results (Number of articles identified / number identified as relevant):
18 full-text reviewed, 3 included in final review
Inclusion/Exclusion Criteria: Comparison b/w MET team vs. no MET team
Link to Article Titles and Abstracts (if available on PubMed):

Rapid response systems: a systematic review and meta-analysis.
Maharaj R, Raffaele I, Wendon J.
Crit Care. 2015 Jun 12;19:254. doi: 10.1186/s13054-015-0973-y. Review.

PMID: 26070457

Reduction in Mortality Following Pediatric Rapid Response Team Implementation.
Kolovos NS, Gill J, Michelson PH, Doctor A, Hartman ME.
Pediatr Crit Care Med. 2018 May;19(5):477-482. doi: 10.1097/PCC.0000000000001519.

PMID: 29528975

Association of Pediatric Medical Emergency Teams With Hospital Mortality.
Kutty S, Jones PG, Karels Q, Joseph N, Spertus JA, Chan PS.
Circulation. 2018 Jan 2;137(1):38-46. doi: 10.1161/CIRCULATIONAHA.117.029535. Epub 2017 Oct 4.

PMID: 28978554

Impact of rapid response system implementation on critical deterioration events in children.
Bonafide CP, Localio AR, Roberts KE, Nadkarni VM, Weirich CM, Keren R.
from www.aappublications.org/news by guest on November 18, 2020
JAMA Pediatr. 2014 Jan;168(1):25-33. Downloaded
doi: 10.1001/jamapediatrics.2013.3266.
PMID: 24217295

Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and
scoping reviews.
Relevant Guidelines or Systematic Reviews
Organisation
(if relevant);
Author;
Year
Published
Maharaj 2015

Guideline or
systematic
review

Topic
addressed or
PICO(S)T

Number of
articles
identified

Key findings

Treatment
recommendations

Systematic
Review w/
meta-analysis

Effects of RRT on
mortality and
CPA rates

29 (adults
and kids)
7 kids

Peds Mortality:
RCT 0.76 [0.53-1.09]
Obs: 0.80 [0.63-1.00]
Tot: 0.79 [0.65-0.98]

RRS associated reductions
in mortality/cardiac arrest
No benefit having physician
on team

RCT: None identified
Nonrandomized Trials, Observational Studies
Study
Study
Patient
Acronym;
Type/Design;
Population
Author;
Study Size (N)
Year Published

Primary Endpoint and
Results (include P
value; OR or RR; & 95%
CI)

Summary/Conclusion
Comment(s)

RRS introduction
associated with
significant downward
change in preintervention
trajectory of critical
deterioration.
NS differences in rate
of ward cardiac
arrests, deaths during
ward emergencies
(non-adjusted)

Bonafide et al,
2014

Study Type:
Quasiexperimental
pre/post design

Inclusion
Criteria:
Transfers from
acute care wards
to PICU/NICU
pre-/postimplementation
of RRS at single
hospital

1° endpoint:
Rate of CD events: 1.35
to 1.58 (nonAdj p=0.06).
Adj incidence rate 0.38
[0.20-0.75].
2° endpoints:
Ward cardiac arrests:
0.03 to 0.01 / 1000 nonICU patient-days
[p=0.21]
Deaths during ward
emergencies: 0.01 to
0.00 / 1000 non-ICU
patient-days [p=0.99]

Kolovos et al,
2018

Quasiexperimental
pre/post design

Unplanned PICU
admissions

1° endpoint:
PICU mortality: 4.9 vs.
3.8% [p=0.001]

Decrease in PICU
mortality, decrease in
resuscitation events
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and overall

Kutty et al,
2018

Observational
registry study

Pediatric hospital
registry data

Std mortality ratio: 2.0
vs. 2.0 [NS]
2° endpoints:
# CPR events: 29 vs. 8
[p=0.001]
Time to CPR: 269h vs.
8.6h [p<0.001]
# Intubation events:
4.5% vs. 8.3% [p<0.001]
Time to intubation:
36.3h vs. 39.4 [NS]
Duration of MV: (10.6d
vs. 9.6 [NS]
PICU LOS: 5.8d vs. 4.7d
[p=0.02]

shortening in PICU
LOS. Standardized
mortality ratio was
unchanged – perhaps
due to capturing
patients earlier prior
to deterioration

1° endpoint:
Annual risk-adjusted
mortality rates: 8.4 [7.89.0] to 8.8 [8.3-9.3]
p=0.11

No change in
mortality rate
reduction outside
what would be
expected based on
pre-implementation
trends

Reviewer Comments (including whether meet criteria for formal review):
Two pre-/post-intervention studies demonstrated a decrease in resuscitation events, though no clear decrease in
mortality. One observational registry study demonstrated no change in mortality rate outside what was already expected
from pre-implementation trends. This is not significantly different from the 2015 review.
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PALS: RECOGNITION AND TREATMENT OF SEPTIC SHOCK
Appendix C-5
2020 Evidence Update Worksheet
Fluid administration for the child with septic shock (PLS 1534: EvUp)

Worksheet author(s): Arno Zaritsky, MD
Council: AHA
Date Submitted: February 5, 2020
PICO / Research Question: Among infants and children who are in septic shock in any setting (P), does the use of
restrictive volumes of resuscitation fluid (less than 20 mLkg−1) (I1) when compared with nonrestrictive volumes (greater
than or equal to 20 mLkg−1) (C1), or the use of noncrystalloid fluids (I2) when compared with crystalloid fluids (C2), or
the use of balanced (e.g., Ringer lactate) when compared with unbalanced isotonic (i.e, normal saline) crystalloid (C3)
change survival to hospital discharge, need for mechanical ventilation or vasopressor support, complications, time to
resolution of shock, hospital length of stay (LOS), ventilator-free days, or total intravenous (IV) fluids administered (O)?
Outcomes:
Type (intervention, diagnosis, prognosis): Intervention
Additional Evidence Reviewer(s):
Conflicts of Interest (financial/intellectual, specific to this question): I previously co-authored a paper evaluating the
outcome of children with septic shock admitted to the ED based on the amount of fluid resuscitation received in the ED.
Year of last full review: 2010 / 2015 / New question: 2015
Last ILCOR Consensus on Science and Treatment Recommendation:
2010/2015 Search Strategy:
((((((((((((((((((((((((((((("Fluid Therapy"[Mesh:NoExp]) OR fluid therap* [Title/Abstract]) OR fluid
resuscitation[Title/Abstract]) OR "Plasma Substitutes"[Mesh:NoExp]) OR plasma substitute*[Title/Abstract]) OR
haemodynamic support[Title/Abstract]) OR hemodynamic support[Title/Abstract]) OR Dextrans[MeSH Terms]) OR
dextran* [Title/Abstract]) OR Hetastarch[MeSH Terms]) OR hetastarch[Title/Abstract]) OR Isotonic Solutions[MeSH
Terms]) OR isotonic[Title/Abstract]) OR "Serum Albumin"[Mesh:NoExp]) OR albumin[Title/Abstract]) OR
colloid*[Title/Abstract]) OR gelatin* [Title/Abstract]) OR "fresh frozen plasma"[Title/Abstract]) OR FFP[Title/Abstract]) OR
crystalloid*[Title/Abstract]) OR saline[Title/Abstract]) OR Ringer's[Title/Abstract])) AND
((((((((("Resuscitation"[Mesh:NoExp]) OR resuscitat*[Title/Abstract]) OR fluid replacement*[Title/Abstract]) OR volume
replacement* [Title/Abstract]) OR volume expander*[Title/Abstract]) OR volume expansion[Title/Abstract]) OR
"Shock"[Mesh:NoExp]) OR Shock, Septic[MeSH Terms]) OR shock[Title/Abstract]))) AND ((Infan* OR newborn* OR
newborn* OR perinat* OR neonat* OR baby OR baby* OR babies OR toddler* OR minors OR minors* OR boy OR boys OR
boyfriend OR boyhood OR girl* OR kid OR kids OR child OR child* OR children* OR schoolchild* OR schoolchild OR school
child[tiab] OR school child*[tiab] OR adolescen* OR juvenil* OR youth* OR teen* OR under*age* OR pubescen* OR
pediatrics[mh] OR pediatric* OR paediatric* OR peadiatric* OR school[tiab] OR school*[tiab] OR prematur* OR
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preterm*)))) NOT ((Animals[MeSH Terms] NOT Humans[MeSH Terms])))) NOT (("letter"[pt] OR "comment"[pt] OR
"editorial"[pt] or Case Reports[ptyp]))
2019 Search Strategy:
Used the same search strategy, but restricted publication date to the range from 2015 to now (1/28/2020). The citations
of reviewed articles were also reviewed to identify potential studies missed using the search terms. This review identified
1 additional article (Balamuth Acad Emerg Med 2019).
I also searched the clinicaltrials.gov site to identify research related to the PICO question. For identified studies, I
searched on the study authors to determine if any results had been published. This did not identify any new studies
besides the ones already identified by the original search.
Database searched: PubMed
Date Search Completed: 1/28/2020
Search Results (Number of articles identified / number identified as relevant): There were 689 publications Limited to
studies published from 1/1/2015 to 1/28/2020.
I then restricted the publications to “Humans,” which yielded 494 publications.
The titles were reviewed for potential relevance; from the 494 publications, there were 43 potentially relevant studies.
The abstracts of these studies were reviewed to determine relevance to the PICO question. From this review 24 studies
were removed leaving 19 studies for more detailed evidence review. Several of these were systematic reviews; there
were few new RCTs evaluating the interventions and outcomes of interest; most of the new data are from pilot studies,
so the evidence is limited. A total of 12 studies were included in the final evidence review; the last study did not directly
address the PICO question, but provides informative information regarding the effect of a fluid bolus on cardiac index
(Long E, et al. Peds CCM 2018; 19:513-8).

Cochrane Search: (fluid therapy OR fluid replacement OR volume replacement OR fluid resuscitation) AND

(sepsis OR septic) AND (child OR infant OR pediatric) in Title Abstract Keyword - (Word variations have been searched).
Note: I tried to run the search using the terms sent to me in the evidence statement, but it kept returning an error
so I just ran the above abbreviated search.
This search identified 2 relevant Cochrane reviews, one included in this evidence review. The other assessed buffered
solutions vs. 0.9% NS in children and adults. The only pediatric studies included in the latter were performed in dengue
patients, so this review was not included. The author’s overall conclusion, reviewing data from adult trials with 19,052
patients was, “We found no effect of buffered solutions on preventing in-hospital mortality compared to 0.9% saline
solutions in critically ill patients. The certainty of evidence for this finding was high, indicating that further research would
detect little or no difference in mortality. The effects of buffered solutions and 0.9% saline solutions on preventing acute
kidney injury were similar in this setting. The certainty of evidence for this finding was low, and further research could
change this conclusion. Patients treated with buffered solutions showed lower chloride levels, higher levels of
bicarbonate, and higher pH. The certainty of evidence for these findings was very low. Future research should further
examine patient-centered outcomes
such as quality of life. The three ongoing studies once published and assessed may
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alter the conclusions of the review.”

99 clinical trials published from 2015 to present (Feb 2020) were reviewed. Of these, by title 22 possibly addressed the
PICO questions and the abstracts and citations were reviewed. Four were duplicates of studies already identified by the
search, 5 were conference abstracts and 8 were citations of a trial protocol without results (17 total), most with citations
to the www.who.int/trialsearch site. The remaining 5 were not relevant.
I searched www.ClinicalTrials.gov Search: I used “fluids” and “pediatric sepsis” to identify potential trials. The following were

identified:
ClinicalTrials.gov Identifier: NCT02835157. Balanced Salt Solutions vs. Normal Saline in Children With Septic Shock. Jhuma Sankar,
All India Institute of Medical Sciences, New Delhi. Last updated October 2019. No results data were available, but it states that
study recruitment is completed. The investigators intend to compare the effect of two solutions on the incidence of acute kidney
injury in children resuscitated with either of the two fluids. Children receiving volumes of at least 20 ml/kg in the first hour of
resuscitation as boluses would be enrolled and followed up for the proposed outcome variables. The investigators plan to enroll 708
patients over a period of 3 years. The investigators believe that the proposed study will provide the answer to the safety of normal
saline which is the most widely preferred initial fluid for fluid resuscitation in children with shock due to sepsis.
ClinicalTrials.gov Identifier: NCT04102371. Pragmatic Pediatric Trial of Balanced Versus Normal Saline Fluid in Sepsis (PRoMPT
BOLUS). Children’s Hospital of Philadelphia. Last updated October 2019. Not yet recruiting. The objectives of this study are to
compare the effectiveness and relative safety of NS versus LR for crystalloid resuscitation of children with septic shock in a
multicenter Vanguard-phase pragmatic randomized trial.
ClinicalTrials.gov Identifier: NCT03080038. SQUEEZE Trial: A Trial to Determine Whether Septic Shock Reversal is Quicker in
Pediatric Patients Randomized to an Early Goal Directed Fluid Sparing Strategy vs. Usual Care (SQUEEZE). McMaster University
with Canadian Critical Care Trials Group. Last updated March 2018 and they were recruiting at that time. The purpose of the
SQUEEZE Trial is to determine which fluid resuscitation strategy results in the best outcomes for children treated for suspected or
confirmed septic shock. In this study, eligible children will be randomized to either the 'Usual Care Arm' or the 'Fluid Sparing Arm'.
Children will receive treatment according to current ACCM Septic Shock Resuscitation Guidelines, with the assigned resuscitation
strategy used to guide administration of further fluid boluses as well as the timing of initiation and escalation of vasoactive
medications to achieve ACCM recommended hemodynamic targets.

Inclusion/Exclusion Criteria: Included studies were randomized controlled trials or cohort studies evaluating fluid
resuscitation in children with sepsis or septic shock. This evidence update excluded studies of children from Africa and
excluded studies conducted in children with Dengue shock. The reason for excluding these studies is because the
population of children studied in Africa are much different than children with sepsis seen in higher resource settings.
Specifically, the large FEAST trial{Maitland 2011 2483} and subsequent studies conducted in this population represent a
different pathophysiologic process compared with sepsis observed in children from high-resource regions as detailed
below. For example, in the FEAST trial, 57% of children had malaria, 32% had a hemoglobin <5 g/dL at presentation, 37%
had seizures, 39% had severe lactic acidosis (>5 mmol/L) and 83% were characterized as having respiratory distress. In
addition, sickle cell disease was likely more prevalent than reported originally since a subsequent study in this same
population using a molecular test identified twice the number of sickle cell disease cases (28%) than identified by family
history.{Maitland 2019 420}
An independent review of deaths in the FEAST trial identified the terminal clinical event (TCE) leading to death.{Maitland
2013 68} This analysis reported that mortality risk was highest in the bolus fluid resuscitated group who presented with a
clinical presentation of severe shock/metabolic acidosis compared with those presenting with a respiratory or neurologic
syndrome. A cardiogenic TCE was observed about twice as often (41%) as a respiratory (21%) or neurologic syndrome
(21%). Mortality was especially increased in those children with a presenting hemoglobin concentration <5 g/dL (10.5%
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compared with 10.5% of the severely anemic children who received a NS or albumin bolus. Furthermore, 67.2% of the
TCEs in the severe anemic group were classified as cardiogenic shock compared with 19.4% in children with a higher
hemoglobin concentration. Furthermore, supplemental data from the original FEAST trial{Maitland 2011 2483} reported
that of the 103 severely anemic children who were not transfused within 8 hours of presentation, 52% died. Of note, 20%
of the no-bolus children received blood in the first hour versus only 2% and 4% respectively in the albumin and saline
groups, so early blood transfusion rather than a fluid bolus may partly explain the improved outcome in the no-bolus
group.
In addition, it is not widely appreciated that during the FEAST trial the protocol was amended so that children received 40
mL/kg rather than 20 mL/kg of saline or albumin. This magnified the adverse effect of the fluid bolus: 27/203 (13.3%)
died following a 40 mL/kg bolus of NS or albumin vs. 14/2000 (7.0%) of no-bolus children.
Besides the potential adverse effects of a fluid bolus that likely further reduced the hemoglobin concentration and added
to the fluid overload in severely anemic children who need to maintain a high cardiac output to maintain adequate tissue
oxygen delivery, the adverse effects from a rapid bolus may be related to concomitant malaria infection and a relatively
high prevalence of sickle cell disease in this population. For example, a recent adult study documented microcirculatory
obstruction by malaria parasites; nonsurvivors had greater capillary obstruction than survivors.{Hanson 2015 122} In this
study, admission plasma lactate in malaria patients was the strongest predictor of death, consistent with microcirculatory
obstruction leading to local tissue hypoxia even if global cardiac output appears adequate. Since malaria sequestration
physically obstructs the microcirculation, which limits the size of the vascular compartment, it is likely that excessive
fluids increases the capillary hydrostatic pressure leading to tissue edema and increased oxygen diffusion distance in
patients who already have compromised tissue oxygen delivery secondary to anemia. In support of this conclusion is the
observation from a recent trial in a similar population of African children comparing 20 mL/kg of whole blood (or 10
mL/kg of pRBC) vs. 30 mL/kg of whole blood (or 15 mL/kg of pRBC) over 3 hours.[Maitland 2019 420} 28-day mortality
was significantly increased in febrile children receiving 30 mL/kg (26/363; 7.2%) vs. those receiving 20 mL/kg (8/326; 2.5%
HR[95% CI] 2.98 [1.35 – 6.58]. Interestingly, for reasons that are not clear, the mortality risk was reversed in afebrile
children who had better survival with the larger blood transfusion. These data further suggest that a large volume
adversely affects outcome in this population of children where 64.1% had malaria and 28% had sickle cell disease, which
also can obstruct the microcirculation. C-reactive protein (CRP) was not measured in the original FEAST trial, but was
measured in the more recent blood transfusion trial.{Maitland 2019 420} Of note, these anemic children had markedly
elevated CRP concentrations (median 56.5 and 68.3 mg/L in the high vs. low transfusion groups. Increased CRP is
associated with the severity of malaria parasitemia.{Addai-Mensah 2019 1408031; Bhardwaj 2019 122; Pelkonen 2015
535} These are higher CRP concentrations then observed in septic children from other regions of the world and likely
reflect a marked inflammatory response that is another factor making it difficult to generalize the observations from fluid
bolus studies performed in anemic, often malnourished malaria-infected children.
Dengue is excluded because unlike most other forms of infection-related shock, dengue is characterized by a transient
increase in capillary permeability leading to loss of intravascular volume, including small proteins such as albumin. These
children are characterized by signs consistent with severe hypovolemia: narrow pulse pressure and cold extremities with
hemoconcentration. Indeed, the severity of pulse pressure narrowing and rise in hematocrit are used to characterize
disease severity.{Ranjit 2011 90} Furthermore, Dengue occurs 7 to 10 days after fever defervescence suggesting an
immune mediated process rather than a direct effect from viral infection. Early resuscitation with fluids to restore
perfusion is important, but in the context of altered capillary permeability, the importance of avoiding excessive fluid
resuscitation is well recognized since excessively raising capillary hydrostatic pressure leads to ascites, pleural effusions
and gut edema. Thus, it is well recognized that once the child is out of shock, fluid intake must be reduced and the
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patient carefully monitored to avoid adverse effects from excessive fluid administration.{Ranjit 2011 90; Wills 2005 877}

Note: My summary and comments on each of the reviewed studies are included after the tables.
Link to Article Titles and Abstracts (if available on PubMed):
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and
scoping reviews.
Relevant Guidelines or Systematic Reviews
Organisation
(if relevant);
Author;
Year
Published
ILCOR CoSTR
document

Guideline or
systematic
review

Topic
addressed or
PICO(S)T

Number of
articles
identified

de Caen AR,
et al.
Circulation
2015;
132[Suppl
1]:S177-203

Among infants and
children who are in
septic shock in any
setting (P), does
the use of
restrictive volumes
of resuscitation
fluid (less than 20
mL/kg) (I1) when
compared with
nonrestrictive
volumes (greater
than or equal to 20
mL/kg) (C1), or the
use of
noncrystalloid
fluids (I2) when
compared with
crystalloid fluids
(C2), change
survival to hospital
discharge, need for
mechanical
ventilation or
vasopressor
support,
complications, time
to resolution of
shock, hospital
length of stay
(LOS), ventilatorfree days, total
intravenous (IV)
fluids administered
(O)?

Embase:
1238
PubMed:
1811
Cochrane:
123

Key findings

Treatment
recommendations

We suggest using an
initial fluid bolus of 20
mL/kg for infants and
children with shock,
with subsequent patient
reassessment, for
patients with the
following disease states:
Maconochie
Included
• Severe sepsis (weak
IK, et al
articles: 25
recommendation, low
Resuscitation
quality)
• Severe malaria (weak
2015;
recommendation, low
95:e147-168
quality)
• Dengue shock
syndrome (weak
recommendation, low
quality)
We suggest against the
routine use of bolus
intravenous fluids
(crystalloids or colloids)
for infants and children
with a “severe febrile
illness” and who are not
in shock (weak
recommendation, lowquality evidence).
Reassessment,
regardless of therapy
administered, should be
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emphasized so that

deterioration is detected
at an early stage.

RCT or SR(systematic review):
Study
Aim of Study;
Patient Population
Acronym; Study Type;
Study Size (N)
Author;
Year
Published

FiSh trial
Inwald
2019 421

Study Aim:
Pilot study to
evaluate if a
restricted fluid
bolus (10
mL/kg)
compared with
currently
recommended
20 mL/kg bolus
is associated
with improved
outcomes for
children
presenting to
UK EDs with
presumed
septic shock.

Inclusion Criteria:
age >37 weeks
(corrected GA) and
<16 yo; clinical
suspicion of infection;
and signs of shock. The
latter was defined as
age-adjusted
hypotension or cap
refill time (CRT) ≥ 3
seconds after receiving
20 mL/kg fluid bolus.
They used nonguideline BP ranges to
define hypotension.

Study
Intervention
(# patients) /
Study
Comparator
(# patients)

Endpoint
Results
(Absolute Event
Rates, P value;
OR or RR; &
95% CI)

Intervention:
Randomized
1:1 to either
10 or 20 mL/kg
bolus as
needed over a
4-hour period
without prior
consent. Each
bolus was to
be delivered
over 15 mins
with max bolus
amount of 500
or 1000 mL for
10 vs. 20
mL/kg group

1° endpoint:
Pilot to test if
processes,
including
deferred
consent
worked, but
also evaluated
any differences
in mortality or
morbidity.

75 children
enrolled: 40 in
10 mL/kg and
35 in 20 mL/kg
group. Overall,
Exclusion: prior
only 70%
receipt of more than
Comparison:
required just
20 mL/kg fluid bolus;
Study Type:
As noted, 20
one bolus; 19%
conditions in which
Multi-centered fluid resuscitation
mL/kg was
required 2 and
standard care
prospective
11% required
should be curtained;
RCT
for
>2 boluses.
or children in whom
comparison.
Over 4 hours,
full resuscitation was
the high volume
not within the current
Fluid
type
and
group received
goals of care.
other
more total fluid:
interventions
27.5 mL/kg vs.
at discretion of 14.5 mL/kg;
mean
care team.
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difference -11.2

Relevant 2°
Endpoint (if
any);
Study
Limitations;
Adverse
Events
Study
Limitations:
Few patients.
Population
was not as ill
as expected.
Note that all
patients
received 20
mL/kg before
randomization,
so 51.7% of
the potential
patients were
judged to not
need a fluid
bolus after the
initial bolus.
The low acuity
and no deaths
caused the
authors to
conclude that
a large
prospective
multicenter
trial in the UK
was not
feasible.

Study involved
4 regional
English
hospitals with
a PICU and 9
district
hospitals with
EDs that
referred to the
regional
hospitals.

PRoMPT
trial
Balamuth
2019 1346

mLkg (95% CI: 16.6 – 5.8,
p<0.001).
Overall, 78.7%
of the 10 mL/kg
boluses were
delivered using
the correct
volume over 10
mins vs. 54.5%
of the 20 mL/kg
boluses.
There were no
deaths. There
was a trend
towards more
children
needing PICU
care (32.4% vs.
25.6%)
comparing high
volume to low
volume bolus.
Similarly, 25%
vs. 11%
required
mechanical
ventilation and
15.6% vs. 2.8%
received
inotropes; none
significant
because of
small N.
Study Aim:
Inclusion Criteria:
Intervention:
Endpoint
A single center Children presenting to Randomization Results:
feasibility
the ED with suspected sequence
Of 59 eligible
study to
septic shock from
generated
children, 50
determine 1) if 1/25/18 to 8/31/18 at prior to start
were
ED clinicians
CHOP. Study popn was of study.
randomized; 24
could screen,
patients >6 months
Investigators
to LR and 26 to
randomize and and <18 yr with
not blinded to NS.
administer
suspected septic shock intervention
Within the up
study fluids to treated in the ED;
since previous to 48-hour
children with
suspected shock
trial found that study period,
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suspected
defined by clinician
lab results
median fluid

Of note, viral
infections
were more
commonly
identified than
a bacterial or
fungal
pathogen.

Limitations:
This was a
small pilot
study mainly
designed to
determine if
this study
protocol could
be generalized
to a large
multi-center
trial to assess

septic shock
during the
course of
routine care; 2)
ensure
acceptability to
patients and
providers of
enrollment
using the
exception from
informed
consent (EFIC)
process; and,
3) determine
whether
clinicians
would adhere
to an RCT of
fluid type with
minimal study
team
oversight.

decision to treat
suspected bacterial
infection with parental
antibiotics, collection
of blood culture and
intent to administer at
least 2 fluid boluses
for abnormal
perfusion.

revealed
allocation.

given was 107
(IQR, 60-155) in
LR group vs. 98
38% of LR and (63-128) mL/kg
42% of NS
in NS group.
groups
MAKE30
occurred in 1
received ≥60
child in each
mL/kg of
group; one
boluses.
Although there death in NS
group. No
was good
differences in
study
need for
adherence;
only 63% of LR vasoactive
infusions or
children
received >75% mechanical
ventilation.
of their total
Hyperchloremia
crystalloid as
was more
LR. Two LR
common in NS
patients did
group (27%) vs.
not receive 2
13% of LR
boluses.
group.

for potential
adverse effects
from NS vs. LR.

Study Type:
Prospective
RCT

10 vs 20
min
Sankar
2017 e435

Study was not
powered to
determine
clinical
outcomes, but
low mortality
and morbidity
rate suggest it
may be difficult
to identify
significant
differences.
Study Aim:
Inclusion Criteria:
Intervention:
Endpoint
Assess the
screened all children in Used variable
Results:
optimal
the ED and PICU of a
block
All children
duration/speed tertiary care hospital
randomization, received up to
of bolus fluid
in northern India for
using a
60 mL/kg of NS
(BF)
septic shock: defined
random
in first hour
administration as suspected infection number table, with monitoring
in the first
and 2 or more clinical
in varying
for crackles,
hour during
signs of decreased
block sizes
hepatomegaly
Downloaded from www.aappublications.org/news by guest on November 18, 2020
initial
perfusion. Children
from 2 to 8.
or gallop. CVP

Limitations:
This was a
relatively small
study, but
showed
significant
adverse effects
from rapid
fluid
administration.

resuscitation
to determine if
more rapid
infusion is safe
and better
tolerated in
children with
septic shock

with malaria, dengue,
severe anemia, severe
malnutrition, primary
cardiac disease, those
on noninvasive
ventilation before
developing shock and
those with prior fluid
and inotrope therapy
were excluded.
Stratified into two
groups: stratum A –
those already on the
ventilator at time of
shock recognition; and
stratum B – those not
on a ventilator.

When verbal
consent
obtained,
resident
opened sealed
serially
numbered
envelope to
determine if
patient was in
the 5-10 min
or 15-20 min
fluid bolus
group. Unable
to blind due to
nature of
study, but
person
recording
outcomes was
blinded to
group
allocation.

inserted within
60 mins.
Used pressure
bag for 15-20
min group and
push-pull in 510 min group.
96 enrolled; 45
in 15-20 and 51
in the 5-10 min
groups. Groups
were balanced
for age, PIM2,
PELOD,
diagnosis and
hemodynamic
and respiratory
variables.
Proportion of
children with
SVC O2
saturation
≤70% was 61%
in 10-15 min vs.
66% in 5-10 min
group. Mean
(SD) hgb was
9.7(2.2) and 10
(2.4) g/dL

Fewer children
in the 15-20
min group
experienced the
primary
composite
outcome of
newly
ventilated or
increase in OI
by 5 or more
immediately
after fluid
resuscitation in
the first 6 and
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24 hours: 36%

Of potential
note is that
the three
boluses (60
mL/kg) were
completed
very rapidly in
the 5-10 min
group (mean
22 minutes)
compared with
the 15-20 min
group (53
mins).
Complete
details on the
included
patients’
diagnosis and
presence of
underlying
disease was
not provided.
Many of the
children were
malnourished
with median
BMI z-score <2.

vs. 57% (RR,
0.62; 95% CI,
0.39-0.99,
p=0.04) and
43% vs. 68%
(RR, 0.63; 0.420.93, p=0.02).
There was no
difference in
mortality (40%
vs. 33%, RR, 1.2
(0.70-2.03),
p=0.5).
Proportion of
newly
ventilated
children at first
hour after fluid
resuscitation
was only 11% in
15-20 min
group vs. 35% in
5-10 min group;
RR, 0.31, 0.130.78). The
median (IQR)
time to initiate
mechanical
ventilation was
215 (52-340)
min in 15-20
min group vs.
25 (15-180) min
in 5-10 min
group
(p<0.0001). At
the end of the
first hour, all
those newly
ventilated were
because of fluid
overload.
Proportion of
children newly
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ventilated for

fluid overload
alone was
significantly
lower at 6 and
24 hours in the
15-20 group:
8/40 vs. 20/46
at 6 hrs; p=0.02)
and 8/37 vs.
20/41 at 24 hr;
p=0.01.
On multivariate
logistic
regression
analysis of
factors
associated with
the need for
ventilation in
the first hour,
only 5-10 min
FB was
significantly
associated after
adjusting for all
other factors
(p=0.006).
Li 2018
Cd010593

Study Aim:
To identify
RCTs, quasiRCTs and
cluster RCTs
comparing
liberal fluid
therapy versus
conservative
fluid therapy
for children
and adults with
septic shock
Study type:
Cochrane
systematic
review

Inclusion Criteria:
Intervention:
the authors searched, N/A
CENTRAL, Medline,
Embase, intensive and
critical care
conference abstracts,
and
www.Clinical.Trials.gov
using a robust set of
search terms.

Endpoint
Results:
The search
retrieved 8226
references and
another 260
were found by
searching the
clinical trials
registry. After
removing
duplicates,
there were
6650 citations;
6631 were
excluded
through title
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and abstract

Limitations:
They used very
stringent
search criteria
to identify
studies.
They
concluded that
liberal fluid
therapy may
increase
mortality
among
children with
sepsis or septic
shock, but
they do not

Gelbart
2015 e297

screening. Of
the remaining
19 full-text
articles, only 3
met their study
inclusion
criteria.
They identified
no adult studies
that met the
selection
criteria and only
three pediatric
RCTs, the FEAST
trial and two
small trials in
India. These
were previously
reviewed in the
2015 ILCOR
review.
Study Aim:
Inclusion Criteria:
Intervention:
Endpoint
To identify
Searched for RCTs
N/A
Results:
RCTs, and non- (12/2014) in Medline,
The search for
RCTs and
randomized
Embase and CCRCT
nonrandomized
trials
using terms related to
studies
examining
fluid resuscitation for
identified 3,393
differences in
severe sepsis and
and 2,967
outcome using septic shock. Two
publications
different fluid
independent
respectively.
bolus therapies investigators identified
They identified
in hospitalized relevant articles for
17 RCTs, but 14
children
inclusion. The
met exclusion
reference lists of
Study type:
included articles were
criteria leaving
Systematic
only 3 studies in
also examined to
review
the final
identify any missing
articles. They
analysis, which
were reviewed
specifically included
in the last ILCOR
articles describing
statement
hospitalized children
>28 days to 18 yo.
(Santhanam et
al, 2008, single
They excluded studies
center RCT in
of lone tropical
ICU in Chennai
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India with 147
pathogens such as

comment on
the differences
in the
underlying
populations
compared with
higher
resource
centers.

Limitations:
The cohorts
were small and
the
populations
studied
underwent
different
procedures, so
unable to
combine in a
meta-analysis.
Of note, there
were no RCTs
in Europe or N
America.

malaria and dengue
fever. They examined
any form of fluid
resuscitation
compared to any
comparative group.

Colloid-SR
Medeiros
2015 e11

Study Aim:
Sought to
identify studies
evaluating the
use of colloids
compared with
crystalloids for
the treatment
of severe
sepsis and
septic shock in
children.
Study type:
Systematic
review

Inclusion Criteria:
Searched PubMed,
Embase, Cochrane,
Web of Science and
Scopus for relevant
RCTs evaluating the
use of colloids
compared with
crystalloids.

children;
Upadhyay,
2004, 60
children in
single center
RCT in ED/ICU
in Chandigarh,
India; and, de
Oliveira, 2008,
with 102
children in
multicenter RCT
in Sao Paulo,
Brazil)
Intervention:
N/A

Endpoint
Results:
A total of 11
relevant studies
were found and
one more was
added after
reviewing
previous
reviews. Of the
12 articles,
there were no
new studies not
included in the
2015 CoSTR
statement. Five
studies
assessed
colloids in
malaria, five
studied dengue
shock, the
FEAST trial
studied “febrile
disease” and 1
examined the
progression of
septic shock
from various
causes.
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Limitations:
This systematic
review did not
provide any
new
information.
They
concluded,
“The articles
analyzed did
not provide
evidence to
suggest that
colloids are
superior to
crystalloids. In
some studies,
the amount of
fluid needed to
achieve initial
stabilization
was smaller in
the group
given colloids.
Crystalloids
seem to be the
preferred
therapeutic
option
because of

their
effectiveness,
low cost, and
wide
availability.
Colloids may
be the first
choice in cases
of malaria
when the
central
nervous
system is
affected.”

Nonrandomized Trials, Observational Studies
Study
Study
Patient
Acronym;
Type/Design;
Population
Author;
Study Size (N)
Year Published
Crystalloid
Fluid Choice
Weiss 2017 304

Study Type:
Retrospective
cohort to
determine if a
balanced (LR)
solution was
associated with
an improved
outcome
compared with
NS, which in
large volumes
may cause a
hyperchloremic
metabolic
acidosis and has
been associated
with an
increased risk of
AKI in adults.

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

Summary/Conclusion
Comment(s)

Inclusion
1° endpoint:
Conclude that in this
Criteria:
Primary outcome was all- large matched cohort
peds patients
study of pediatric
cause 30-day hospital
(<18 yo) with
mortality (i.e., don’t
severe sepsis and
severe sepsis or know if mortality was
septic shock, balanced
septic shock
fluid resuscitation with
related to infection that
across 382
was coded). Secondary
LR was not associated
geographically
outcomes included new
with improved
diverse US
mortality, AKI or
onset AKI identified by
hospitals
ICD-9 codes, with or
dialysis, even when
between Jan
matched by fluid
without dialysis.
2000 and Dec
volume and
Fluid volumes billed as
2013. Patients
proportionate LR
identified from 250, 500, or 1000 mL
utilization. However,
units, so analysis based
the Premier
LR was preferentially
on assumption that the
Healthcare
used either as first-line
Database. Dx of entire billed fluid volume fluid in patients with
was given. Used mean
severe sepsis,
lower illness severity
weight for age to
septic shock
or as an adjunctive
based on coding estimate mL/kg given.
fluid in patients who
for either an
received large amounts
Separately
analyzed
a
invasive
of fluid resuscitation.
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Furthermore, the
infection plus
small population of

acute organ
dysfunction or
the ICD-9-CM
code for
“severe sepsis”
or “septic
shock.”
Restricted
inclusion to
children with an
order within the
first 3 days of
hospitalization
for blood
cultures and
broad-spectrum
antibiotics and
patient had to
have orders to
receive any
combination of
NS or LR
boluses during
the first 3 days
of
hospitalization.

children who received
only LR vs. only NS.
An initial cohort of
12,529 met all
inclusion/exclusion
criteria; only 2150 were
ordered to receive at
least one LR bolus; 459
received LR exclusively.
There were 2117 patients
in the LR any group and
2117 in the matched NS
group. 82% and 79%
were admitted to the
PICU; 42% and 39%
received a vasoactive
infusion and 66% and
64% received mechanical
ventilation. Blood or
blood products were
given to 47% and 44% of
LR vs NS group.

matching algorithm
was least effective in
the most severely ill
patients who received
the largest fluid
volumes.

Limitations:
1) claims-based data
may lead to
misclassification bias if
ordered and
administered therapies
are discrepant; 2) they
could not account for
prehospital fluid
administration; 3) the
volume per kg weight
was estimated based
on average weight for
age and assuming that
total volume of billed
fluid was given; 4) the
NS group was
30d mortality was 7.2%
significantly younger
in LR-any and 7.9% in NS than the LR group,
group. Risk ratio, 95% CI
which could have
Excluded NICU
was 0.99 (0.9-1.09). AKI
introduced more error
admissions and occurred in 15.8% vs.
in estimating the total
children with
15.9%; RR=1 (0.97 –
volume of fluid given in
unknown
1.02). Median PICU LOS
these younger patients
was 7.8 days vs. 7.3 days because of the
hospital
(RR = 0.5; 0.2 – 0.8).
disposition at
rounding of fluid given
day 30.
There were no
based on amount
differences between the billed; 5) the accuracy
LR-only and matched NS- of using ICD-9-CM
only groups except for
codes for infection plus
hospital median LOS
organ dysfunction
(11.9; 5.0 – 18) vs. (10.5; codes to identify sepsis
4.0-14) days: RR 1.35
is controversial; 6)
(0.5-2.2), p= 0.01.
although statistical
All-cause mortality rate
matching is designed
increased with total
to minimize the effect
crystalloid volume by
of baseline differences,
quartiles, but there was
it is possible there are
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unmeasured covariates

no difference by fluid
type.

Timing Fluid
van Paridon
2015 293

that were not included
in the matching
process; and, 7) the
identification and
timing of surgical
interventions is limited
using administrative
codes, which made it
difficult to account for
the effect of the usual
surgical preference to
use LR rather than NS.
Study Type:
Inclusion
1° endpoint:
The timing of first
Retrospectively
Criteria:
Association between
antibiotic was not
reviewed the
Sepsis defined
timing of antibiotic (AB)
independently
charts of children as SIRS caused
administration and PICU associated with any
admitted to the
by suspected or LOS. In the septic shock
outcome on
Stollery
proven bacterial subgroup, they evaluated multivariate analysis.
Children’s
or fungal
both the timing of AB and Higher 2-hour volume
Hospital PICU.
amount of early fluid
of fluid was
infection with
Children were
(first two hours) with
independently
antibiotics
identified by
associated with PICU
prescribed and PICU LOS. Other pretheir inclusion in a CVL or arterial defined outcomes were
LOS and more
the Alberta
ventilator days, PICU LOS, ventilator days, but
line in place
Sepsis Network
PRISM score and
(thus, a susbset delta-PELOD (the
prospectively
of all sepsis
decrease in the score
presence of severe
collected cohort cases). Septic
from day 1 to 3 of PICU
underlying disease
of children with
shock defined
admission), and mortality were also associated
sepsis.
as receiving a
at one year after index
with these outcomes.
vasoactive drug sepsis admission. Age,
Time to starting
infusion or a
PRISM-III and severe
vasoactive agents was
dose change of underlying comorbidity
not associated with
were entered into all
disease outcome.
a vasoactive
agent on the
regression analyses.
Limitations: By limiting
first calendar
Of the 79 included, the
the cohort to only
day of sepsis.
median age was 60 (IQR, those children judged
Severe
22-133) months. 49% had to be ill enough to
underlying
severe underlying
need an arterial line
comorbidity
comorbidity
and
the
and/or CVL for
was defined as
median PRISM III score
frequent blood
having a
on day of sepsis was 10.5 sampling, they
cardiac,
neurologic or at (6.0 – 17.0). There were 5 eliminated children
who may have
least two other deaths (6.3%) by one
year;
only
one
died
responded to fluid
organ systems
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during hospitalization for bolus therapy and
involved by a

chronic disease
prior to the
onset of sepsis.
Patients were
excluded if they
were not
expected to
survive >24
hours, were on
palliative care,
or if they had
severe sepsis
for ≥48 h.

sepsis event. Most
clinically improved
children presented to the without the need for
ED, either at an outlying
more aggressive
hospital (46%) or at
therapy. In addition,
Stollery (27%). Only 2
even though their
(3%) developed sepsis
analysis adjusted for
while on the wards and
severity of illness
25% while in the PICU.
(PRISM-III) and organ
Most infections were
failure (PELOD), more
pneumonia w/ or w/o
severely ill children are
empyema (53%),
more likely to receive
meningitis (14%) or
more fluid. There was
bacteremia (13%); other an association
sites included abdominal between fluid volume
(5%), UTI (4%), cellulitis
and longer LOS and
(3%) and other (9%).
ventilation, but this
Median time from
does not prove
presentation to
causation. 46% were
acceptable AB
transferred from an
administration was 115.0 outside ED, so the
(59-323) minutes; only 20 volume and speed of
patients (25%) received
resuscitation in that
their antibiotics within 60 setting was not
mins. There were 44
captured. This is a
children (56%) with
small cohort, especially
septic shock of whom 3
those with septic shock
died by 1 year.
(N=44), making
In the septic shock
generalizations
cohort, administration of difficult.
>20 mL/kg of fluid in the There is no explanation
of why the septic shock
first 2 hours was
children were older. It
associated with older
is not surprising that
age and higher PRISM
scores with no difference early AB administration
and larger fluid boluses
in outcome. For the
in the first 2 hours was
dichotomous outcomes
associated with longer
of ventilator days >7,
LOS—children
PICU LOS >7 days and
receiving early and
delta-PELOD>median,
there was more fluid
more aggressive
therapy were more
given in the first 2 hours
to children ventilated for likely to be perceived
at least 7 days: mean(SD) as more ill.
36.7(34.9) vs. 20.2 (17.6)
mL/kg, p=0.05, but the
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first 2 hours of fluid was

not associated with PICU
LOS>7 days or deltaPELOD. The PELOD score
was much higher in those
ventilated >7 days:
14.4(8) vs. 20.7(11),
p=0.007, as was the
PRISM score: 10.4(6.1)
vs. 14.5(8.6), p=0.02, but
not the presence of
severe underlying
disease, which trended
higher in longer
ventilated group, but was
not significant: 40% vs.
66%, p=0.056.
For PICU LOS>7 days, the
presence of severe
underlying disease was
significantly higher in
long stay patients: 33%
vs. 61%, p=0.022. Only
ventilator days differed
significantly for the deltaPELOD groups with the
smaller delta associated
with longer ventilation:
10.3(11.2) vs. 5.8(5.1)
days, p=0.036.
CrystalloidChina
Zhang 2018
48(e12663)

Study Type:
Inclusion
1° endpoint:
There was an
Retrospectively
Criteria:
The median (IQR) PRISM association between
assessed
Sepsis defined
III on day of sepsis was
total 3-day fluid intake
differences in
clinically.
13.1 (8-17). Median age
and mortality and
outcome among Cohort from
was 3.1 years. Severe
increased PICU LOS,
children who
2011 through
sepsis was diagnosed in
but they cannot
received above
2015 admitted
33 patients on first day
ascertain cause and
or below the
to the PICU at
and 2 on second day; 44
effect and their
median total
Children’s
(55.7%) had septic shock. analysis does not
volume of fluid
Hospital of
Most infections were
adequately consider
in 3 days. They
Chongqing
intra-abdominal w/ or
comorbidities and
evaluated the
Medical
w/o bowel perforation
reason for admission,
relationship
University with (26, 39.2%). Respiratory
which they state was
between the
severe sepsis or source in 12.6%, skin &
different between the
cumulative 3-day septic shock.
soft tissue in 11.4%,
two groups. As they
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crystalloid
Exclusion
primary blood stream in
state in their

amount and
outcome,
postulating that
restrictive
crystalloid intake
would be
associated with
better clinical
outcome.

criteria were
PICU stay <3
days, age <6
months or >12
years,
unexpected
discharge from
the PICU or
transfer to
another facility
(13/108 were
transferred due
to financial
reasons!), and
incomplete data
on fluid
balance.

7.6% and meningitis in
5.1%).

discussion, “Because
this is a retrospective
study, it is not possible
to distinguish whether
high crystalloid
administration is
simply a marker of
illness severity…”

The low and high-volume
groups were matched for
WBC, CRP, PCT, albumin,
lactate. Significant
differences were present
for the reason for PICU
Limitations:
admission, primary
diagnosis and underlying Reference is made to
comorbidities (p=0.027), intraoperative
hemodynamic
but no specific data are
parameters, but there
provided! The highis no data on how
volume group was
many children had
younger than the lowvolume group (mean SD: surgery and if the
2.75 (2.36) vs. 3.26 (2.48) surgical fluid intake
A total of 108
was considered.
years, p=0.043). PRISM
children were
The definition of
(high vs low): 13.4 (6.1)
admitted to the vs. 12.7 (6.8), p=0.027.
severe sepsis and
PICU with sepsis Lactates were similar:
septic shock is unclear
or septic shock. 0.74(0.36) vs. 0.66 (0.29) and the decision to
mmol/L, p=0.16, as were simply analyze the
Of these, 29
were excluded, CRP (nl 0-8 mg/L):
populations by
26.6(11.2) vs. 25.8(9.7),
8 were <6
whether they were
p=0.11. PICU mortality
months, 3 had
above or below the
stays <3 days
was significantly worse in median 3-day fluid
and 5 had
high-vol group: 46.2% vs. intake is weak.
incomplete
25%, p=0.041, PICU LOS: There was a high
data. The
15.8(7.8) days vs. 9.7(5.3) prevalence of intradays, p=0.026. Renal
remaining 79
abdominal infections
were analyzed. failure and
and bowel perforation
hyperchloremic acidosis
There was no
making it difficult to
specific protocol incidence was not
generalize the
different. 84.6% of highused for fluid
observations.
administration. vol children required
The daily intake mechanical ventilation
and output was vs. 62.5% of low volume,
p=0.024. More high-vol
recorded from
children required
the chart; they
vasoactive drug infusion
did not try to
(46.5% vs 23.5%, but this
estimate
did not reach statistical
insensible
significance, p=0.22).
losses. The
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patients were

divided into a
low (40
children) and
high-volume (39
children) cohort
based on intake
above or below
the 3-day
median of 193
mL/kg.
The primary
outcome was
all-cause PICU
mortality. The
secondary
outcome was
the PICU LOS
following sepsis
recognition.
Balanced
fluids-PHIS
Emrath 2017
1177

Study Type:
Retrospectively
analyzed data
from the PHIS
database from
2004 to 2012.
They
hypothesized
that the
exclusive use of
balanced fluids
(BF) for initial
resuscitation in
children with
pediatric severe
sepsis (PSS) was
associated with
improved
survival
compared with
children
resuscitated with
unbalanced
fluids (UF).

Inclusion
1° endpoint:
Since the use of BF
decreased over time, it
Criteria:
The primary outcome
Patients were
was in-hospital mortality. makes it difficult to
ascribe mortality
identified as
Secondary outcomes
changes to BF use
have pediatric
included AKI, use of
severe sepsis
CRRT, hospital LOS, PICU alone. The diagnosis of
PSS also increased over
(PSS) based on
LOS and vasoactive
one of the
infusion days.
time as the overall
following: ICD-9 Propensity score
mortality decreased.
code 995.92
Although adult studies
matching was used to
showed similar results
(severe sepsis)
balance groups on
using propensity
or 785.52
baseline characteristics.
(septic shock) or
matching, a
Patients who received
an ICD-9 code
randomized
exclusive BF were
for infection
multicentered trial
comparing buffered
plus at least one propensity matched in a
1:6 ratio with those who crystalloid to NS found
code for organ
received only UFs at both no difference in
dysfunction
24 and 72 hours. In this
using an
outcome (Young P, et
analysis, 8,844 UB
approach
al. Effect of a buffered
patients were matched
developed by
crystalloid solution vs.
Angus that was with 1474 BFs. In the 24- saline on acute kidney
hour analysis, total LOS
modified by
injury among patients
Weiss. Pediatric and PICU LOS were
in the ICU: The SPLIT
complex chronic longer in the BF patients. randomized clinical
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There were no significant
conditions

identified from
codes used to
classify
comorbidities.
Fluid bolus
defined as any
recorded
volume >90 mL.

Bangladesh
Sepsis Protocol
Kortz 2017
e0181160

differences in vasoactive
infusion days, presence
of AKI or CRRT use.
Although mortality was
lower in BF group, it was
not significant (13.4% vs.
15.5%; p=0.051; OR 0.85
(0.72-1.00)).
In the 72-hour analysis,
7000 UB patients were
matched with 1,000 BF
patients. Mortality was
significantly lower in BF
group (12.5% vs. 15.9%;
p=0.007; OR 0.76; 95%
CI, 0.62-0.93). Total LOS
was longer in the BFs
group but PICU LOS was
not significantly
different. The use of
CRRT was lower in the BF
group, but not
significantly (5.4% vs.
7.2%; p=0.054).
Vasoactive infusion days
also shorter with BF (3.0
(2.6-3.4) vs. 3.3 (2.9-3.8);
p<0.001).

trial. JAMA 2015;
314:1701-10.)
The results of this
study are more
hypothesis generating,
but the limitations are
significant, making it
difficult to draw
conclusions.

Limitations: PHIS is an
administrative
database with
uncertain identification
of PSS based on
coding. PHIS data also
lacks clinical details.
For example, the
database does not
distinguish between
sepsis on admission
and subsequent sepsis
development during
the hospitalization,
thus uncertain timing
between when BF or
UB was used compared
with sepsis episode.
Also, unable to
determine fluid
balance and volume of
fluid administered.
Study Type:
Inclusion
1° endpoint:
A guideline-based
Retrospective
Criteria:
The primary outcome
pediatric sepsis
analysis of a
The study
was change in inpatient
protocol did not
cohort
population was mortality after protocol
improve outcome in a
conducted at
children from
implementation.
limited-resource
Dhaka Hospital,
ages 1-59
Secondary outcomes
setting and was
operated by the months
included changes in rates associated with a
International
admitted with
of clinically recognized
significantly increased
Centre for
sepsis, severe
fluid overload, heart
risk of fluid overload
Diarrhoeal
sepsis or septic failure, respiratory
and heart failure, but
Disease
shock. Cases
insufficiency, length of
not respiratory
Research,
were identified hospital stay. Fluid
compromise (Note
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Bangladesh,
by text search
overload was determined similarity to FEAST

which provides
medical care for
~140,000
patients/year
with primarily
diarrheal and
acute respiratory
illnesses, but
also treats
children with
sepsis.
The study
specifically
assessed the
effect of a new
protocol to
manage sepsis
using the ACCM
guideline
approach that
included rapid
boluses of 20
mL/kg of NS.
Compared
outcomes in
children with
sepsis/septic in
the year before
vs. the year after
protocol
implementation.

of their EMR
looking for
“sepsis” or
“septic.” Cases
selected from
one year before
and after the
implementation
of the protocol
(10/25/09
through
10/25/2011).
The primary
author
reviewed the
records and
reviewed notes,
vital signs and
lab results to
determine if
sepsis, severe
sepsis or septic
shock was
present using
the definitions
from the
International
Pediatric Sepsis
Conference
(Goldstein).

by the presence of any
two of the following
phrases in search of
physician notes: fluid
overload, ascites,
bilateral crackles or rales,
pulmonary edema,
tachypnea, gallop
(without hepatomegaly),
peripheral edema or
hepatomegaly. Heart
failure defined by any of
the following phrases:
heart failure, cardiac
failure, poor cardiac
output, gallop with
hepatomegaly or
congestive heart failure.

findings where
respiratory failure was
not a common
terminal event. This
may be due to
decreased cardiac
function in
malnourished
children.). LOS was also
increased following
protocol
implementation.
Limitations: Case
identification and
complication
identification was
based on search of
notes and single
investigator’s
328 met inclusion
classification who was
criteria; 143 pre- and 185 not blinded to when
post-protocol
the patient was
implementation. At
treated. Vital signs,
baseline, the populations such as BP are
were fairly well matched, uncommonly obtained.
although septic shock
PIM2 score is a poor
was diagnosed in 33% of method to risk adjust
the post-protocol group
this population since
vs. 16.1% in the prePIM2 predicted risk of
protocol group (p=0.01). mortality was about
Bacteremia rates were
10% of actual
The protocol
similar: 27.3% pre- vs.
mortality. This likely
specifically
28.7% post-protocol. In
resulted from missing
changed their
the discussion, it was
lab results and the fact
approach to
noted that because of
that high-risk PIM
delivering 20
the nature of the
diagnoses are
mL/kg boluses
hospital, sepsis was more uncommon in lowover 10-30
likely enteric in its source resource settings. Fluid
mins, including compared with a general volumes of crystalloid
children with
hospital where malaria
and colloid were only
severe acute
and respiratory infections available in 42/143
malnutrition
are more common. There (29.4%) of pre-protocol
(SAM), who pre- was a high rate of severe patients and 63/185
protocol
malnutrition (weight-for- (34.1%) of postreceived fluid
age z-score, WAZ <-3) of
protocol children.
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boluses over 60 59.4% in pre- and 66.5%
Whole blood was

min. Their
records do not
contain data on
the duration of
fluid infusion.
The control
period protocol
for fluid bolus
therapy was to
give the fluid
bolus over 60
min in severely
malnourished
children versus
10 – 30 minutes
in adequatelynourished
children.

in post-protocol groups
(p=0.32).
Protocol implementation
did not change
compliance as 16.1% vs.
12.4% of children (prevs. post-protocol)
received antibiotics
within 60 mins and 65.0%
vs. 67.6% received a fluid
bolus within 60 min.
Significantly more
children received a blood
transfusion within 60 min
post-protocol: 31.9% vs.
13%.

infused in 10 mL/kg
volumes.
Other limitations to
this study make the
results potentially
biased and inaccurate.
The post-protocol
group had a higher
PIM2 score, but it is
possible that the postprotocol children were
more ill, as suggested
by the PIM2 score, and
that the protocol
improved their
outcome. It is also
plausible that
Pre- vs. post-protocol
implementing the
mortality was similar
protocol increased
(32.2% vs. 34.6%,
clinician awareness
p=0.72). When just
and categorization of
evaluating the amount of children as septic in
crystalloid and blood
the written notes.
given in the children who However, it is also
plausible that the use
died, the median (IQR)
of more rapid fluid
total volume of
administration
crystalloid were similar
adversely affected
(Table 2) as well as the
outcome (or failed to
bolus volumes: 41 (1168) vs. 47 (11-69) mL/kg, improve outcome)
p=0.28 and 37 (10-63) vs. since many of the
36 (20-52) mL/kg,
affected children had
p=0.76). Those who died SAM. The trial
received more blood
comparing rapid vs.
(median, IQR: 0 (0-0) vs.
slower bolus
4 (0-16) mL/kg, p=0.002). administration (Sankar,
The prevalence of fluid
et al) is consistent with
overload (%, 95% CI) was this study: more rapid
31.5% (23.8-39.1%) in
fluid administration
pre- vs. 54.1% (46.9may have an adverse
61.3%) post-protocol,
effect in this
p<0.001. Heart failure
population of
was identified in 3.5%
malnourished children.
(0.5-6.5%) pre- vs. 10.3% The use of blood was
(5.9-15.7%) postalso associated with
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increased mortality,
protocol, p=0.02. The

rate of respiratory
insufficiency was not
different between
groups. Median LOS
(hours, IQR) was 96 (46168) pre- vs. 120 (72-240)
post-protocol, p=0.02.

which may reflect an
adverse effect, but
could also be biased by
being used in more
severely ill children
since one indication for
blood transfusion was
the presence of septic
Using a logistic regression shock.
that adjusted for age,
male sex, WAZ, PIM2,
hematocrit, “meets
sepsis criteria” and
culture positive sepsis,
the adjusted OR (aOR) for
mortality post-protocol
was not significantly
increased, 1.55 (95% CI,
0.88-2.71, p=0.13). Fluid
overload was more likely
post-protocol, aOR = 3.45
(2.04-5.85, p<0.001) and
if >10 mL/kg of blood was
infused, aOR = 5.71
(2.19-14.9). Heart failure
was more common postprotocol, aOR = 4.52
(1.43-14.29, p=0.01).

Reference list
Inwald DP, Canter R, Woolfall K, et al. Restricted fluid bolus volume in early septic shock: results of the Fluids in
Shock pilot trial. Arch Dis Child. 2019; 104:426-431
The Fluids in Shock (FiSh) trial was designed to evaluate whether a restricted fluid bolus volume (10 mL/kg) compared
with currently recommended volume (20 mL/kg) is associated with improved outcomes for children presenting to UK
EDs with presumed septic shock. This was a pilot to determine the feasibility of conducting an RCT which employed
conducting the research without prior consent (deferred consent). They interviewed parents who participated and
wanted to know if parents would object to the trial. This was a pragmatic, open, multicentered RCT. [ISRCTN trial
registration number: 15244462]
Study involved 4 regional hospitals
with PICUs and 9 district general hospitals with an ED but not a PICU. Covered 3
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regions in “hub and spoke” model. Extensive training at each site.

Inclusion criteria were age >37 weeks (corrected GA) and <16 yo; clinical suspicion of infection; and signs of shock.
The latter was defined as age-adjusted hypotension or cap refill time (CRT) ≥ 3 seconds after receiving 20 mL/kg fluid
bolus. Nonstandard BP ranges. Exclusion criteria included prior receipt of more than 20 mL/kg fluid bolus; conditions
in which fluid resuscitation should be curtained; or children in whom full resuscitation was not within the current
goals of care.
Eligible patients were randomized while in acute assessment area and allocated 1:1 to either 10 or 20 mL/kg boluses
as needed over a 4-hour period without prior consent. Each bolus was to be delivered over 15 mins with max bolus
amount of 500 or 1000 mL for 10 vs. 20 mL/kg group. At the end of each bolus cycle, the patient was reassessed and
if age-adjusted signs of shock persisted, then another bolus of the same size was given with the next 15 minutes.
Fluid type and other interventions were at the discretion of the treating physician. Maximum amount of fluid that
could be given within 4 hours was 120 mL/kg (excluding initial bolus).
Further fluid was curtailed if shock resolved or if signs of fluid overload occurred: pulmonary edema (rales on
auscultation or pulmonary edema fluid in ET tube) or new or increasing hepatomegaly.
The objectives of the pilot were to test if the processes worked together and to inform the design and conduct of the
full FiSh trial.
Results: Conducted from 7/2016 to 4/2017 with follow up to 31 May 2017. In total, 297 children who received a fluid
bolus of any size were screened. 88 (29.8%) received a bolus <20 mL/kg and 108 (51.7%) did not meet the criteria for
clinical signs of shock after receiving a 20 mL/kg bolus. 18 others were excluded for meeting one or more exclusion
criteria. Overall, 75 of 83 eligible patients were recruited; 40 in the 10 mL/kg group and 35 in the 20 mL/kg group.
One patient from each group was not included because consent could not be obtained in a timely manner. Overall
recruitment was 0.9 patients/center/month (don’t know denominator).
Generally, the groups were well matched, but differed in age and weight (median 11 (1-35) months in 10 and 2 (1-17)
in 20 group). Median IQR for BPsys was 102 (91-114) and 104 (89-115). PIM2r score was lower than expected at 2.1%.
Most met the CRT criteria for shock (76.9% in 10 and 88.2% in 20 groups). 37 (51.3% in the 10 mL and 50% in the 20
mL group) had infection confirmed; however, in five children the organism was not recorded. Of the remaining 32, 13
had bacterial infection and 18 had a viral infection, most were respiratory pathogens. One patient in 10 mL group had
falciparum malaria. There were 7.7% and 5.9% deviations in the study protocol.
Overall, 70% of participants required only one study fluid bolus and only 11% required more than 2 boluses; only 4
patients in the 4-hour period received 4 or more fluid boluses. The mean total volume of additional fluid received
after the initial 20 mL/kg bolus over the first hour was 38% lower in 10 vs. 20 groups: 13.5 vs. 20.7 mL/kg. During the
entire 4-hour period there was a significant difference: 14.5 vs. 27.5 mL/kg; mean difference of -11.2 mL/kg (95% CI: 16.6 to -5.8 mL/kg; p<0.001).
It was difficult to achieve the 15 min delivery in the 20 ml/kg group. 80.9% of the 10 mL/kg group were delivered in
the time desired, but only 68.2% of the 20 group were; in the latter 18.2% required more than 30 minutes. Overall,
78.7% of the 10 mL/kg boluses were delivered in the correct volume (± 10%) and within 15 minutes vs. 54.5% in the 20
mL/kg group. [This suggests it is difficult Hard to achieve rapid delivery and is it needed?]
There was no mortality. 32.4% vs. 25.6% of 20 mL/kg vs. 10 mL/kg group were transferred to the PICU; 25% vs. 11.1%
required mechanical ventilation and 15.6% vs. 2.8% received inotropes, but because of the small n, none of these
differences were statistically significant.
Discussion: The trial processes were deemed feasible, but the population had a lower severity of illness than
expected from previous data (Ref 9) impacting on the feasibility of a larger trial. UK has an aggressive vaccination
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program and vaccine preventable
infections are now uncommon. It is notable that viral infections were more

common and that most children did not have a clinical need for more than 30 mL/kg total fluid. It seems clear that
the epidemiology of severe childhood infection has changed from the time when rapid fluid bolus was promoted in
the early 1990s. This makes it difficult to develop uniform recommendations.
In interviews, some clinicians lacked clinical equipoise favoring 10 over 20. This trial, and the study looking at more
rapid fluid administration (5-10 vs 15-20){Sankar 2017 e435} suggests that if an initial 20 mL/kg bolus is given,
subsequent boluses of 10 mL/kg are safe and effective in developed countries and may limit the risk of iatrogenic
fluid overload. This approach was recommended by Maitland in letter to the editor regarding this study.
Balamuth et al. Pragmatic pediatric trial of balanced versus normal saline fluid in sepsis: The PRoMPT BOLUS
randomized controlled trial pilot feasibility study. Acad Emerg Med 2019; 26:1346-1356. Registered:
clinicaltrials.gov/NCT03340805
Data in adults suggests that NS may have adverse effects on outcome, including increased mortality and increased
risk of AKI. In addition, NS use is associated with the development of a non-anion gap hyperchloremic metabolic
acidosis. Two large observational studies in children produced conflicting results (13-14) with one showing harm and
the other no harm. Two pragmatic trials in adults (critically ill and not critically ill) showed small, but meaningful
reductions in major adverse kidney events and hospital mortality (11,12). A large, prospective, multi-centered trial in
children would help determine if there is a clinical benefit from balanced vs. unbalanced crystalloid. The purpose of
this trial was a single center feasibility study to determine 1) if ED clinicians could screen, randomize and administer
study fluids to children with suspected septic shock during the course of routine care; 2) ensure acceptability to
patients and providers of enrollment using the exception to informed consent process; and, 3) determine whether
clinicians would adhere to an RCT of fluid type with minimal study team oversight.
This was a pragmatic, two-arm open-label RCT of children presenting to the ED with suspected septic shock from
1/25/18 to 8/31/18 at CHOP. Study popn was patients >6 months and <18 yr with suspected septic shock treated in
the ED; suspected shock defined by clinician decision to treat suspected bacterial infection with parental antibiotics,
collection of blood culture and intent to administer at least 2 fluid boluses for abnormal perfusion.
Randomization sequence generated prior to the start of the study in permuted blocks and equal allocation into two
groups. Clinicians were not blinded since a prior study noted that fluid allocation could be determined in most
patients by the results of electrolyte profiles. Once randomized, clinical team instructed to give assigned crystalloid
from time of randomization until 2359 the next day (i.e., 24-48 hours).
Study was not powered to identify clinical outcomes, but these were collected, including all-cause mortality capped
at 90-days, hospital LOS, hospital-free days out of 28 and major adverse kidney event at 30 days (MAKE30): defined
as death, need for RRT, or persistent kidney dysfunction at hospital discharge or 30 days (Cr ≥2 times baseline (BL) or
median value for age if no BL). Safety outcomes included hyperlactatemia (>4 mmol/L); hyperkalemia (>6 mEq/L);
hypernatremia (>155 mEq/L); hyponatremia (<128 mEq/L); hyperchloremia (>110 mEq/L); thrombosis or cerebral
edema (use of hyperosmolar therapy for radiographic and clinical determination of new impending or present brain
herniation).
Results: 174 screened for eligibility; 115 excluded. Of 59 eligible, 50 randomized; 24 to LR and 26 to NS. About half
the fluid given during study period was bolus and the remainder as maintenance. 38% of LR and 42% NS group
received ≥60 mL/kg of bolus fluid. There was strong adherence to the study protocol; however, only 63% of LR
children received ≥75% of their total crystalloid as LR. Two patients in LR arm did not receive 2 fluid boluses due to
clinical improvement.
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By chance, the LR group was significantly younger (median IQR = 3.8 (2.0-10.4) yrs vs 9.7 (2.6-16.3). About 2/3 of both
groups had a comorbid condition. Median total fluid was 107 (60 to 155) in LR vs. 98 (63 to 128) mL/kg. Bolus fluid
was 58 vs 53 mL/kg (median).
MAKE30 occurred in 1 patient in each group and there was just one death in the NS group, so cohort was not as ill as
expected. Interestingly, hyperlactatemia occurred in 15% of NS vs. 8% of LR group. Hypercalcemia occurred in 15% of
NS vs. 0% in LR. Not surprisingly, hyperchloremia occurred in 27% of NS vs. 13% of LR children. There were no
differences in need for vasoactive infusions or mechanical ventilation.
EFIC was acceptable (93%) to caregivers.
Discussion: This trial supports the use of this protocol in a larger multicenter trial. The N in this trial is too small to
evaluate many of the clinical outcomes, but the low mortality and morbidity may limit the ultimate findings from a
larger trial.
Sankar J, Ismail J, Sankar MJ, C PS and Meena RS. Fluid bolus over 15-20 versus 5-10 minutes each in the first hour
of resuscitation in children with septic shock: A randomized controlled trial. Pediatr Crit Care Med. 2017;18:e435e445.
Current guidelines advocate for aggressive fluid resuscitation of up to 60 mL/kg as boluses of 20 mL/kg, each over 510 mins to achieve desired HR and BP(Dellinger SSC, 2013; Davis et al pediatric ACCM guidelines recommend pushing
fluids up to 60 mL/kg; monitor for crackles, hepatomegaly, increased WOB or gallop rhythm develops). In developing
countries, rapid fluid delivery is challenging because of limited human resources to push-pull fluid and lack of
technologic equipment. In addition, there is a fear of causing respiratory failure and the need for ventilation support,
which is not available. The purpose of this study was to assess the optimal duration/speed of bolus fluid (BF)
administration in the first hour during initial resuscitation that is safe and better tolerated in children with septic
shock.
Methods: This was an RCT from 9/2013 to 8/2014 in a tertiary ED and PICU in North India. They screened all children
for septic shock: defined as suspected infection and 2 or more clinical signs of decreased perfusion (Suppl 1). Children
with malaria, dengue, severe anemia, severe malnutrition, primary cardiac disease, those on noninvasive ventilation
before developing shock and those with prior fluid and inotrope therapy were excluded. Obtained verbal assent then
obtained delayed informed consent.
Stratified into two groups: stratum A – those already on the ventilator at time of shock recognition; and stratum B –
those not on a ventilator. Used variable block randomization, using a random number table, in varying block sizes
from 2 to 8. When verbal consent obtained, resident opened sealed serially numbered envelope to determine if
patient was in the 5-10 min or 15-20 min fluid bolus group. Unable to blind due to nature of study, but person
recording outcomes was blinded to group allocation.
Primary objective was to compare difference in need for “new ventilation” and/or impaired oxygenation (i.e,
increased peak oxygenation index [OI = MAP * FiO2/PaO2 * 100] by 5 in those already ventilated. in the first six and
24 hours following fluid resuscitation. They defined “newly ventilated” as due to respiratory failure, or decision to
intubate for persistent hemodynamic instability even after 60 mL/kg of fluid and epi up to 0.3 mcg/kg/min. Secondary
objective was to compared differences in signs of fluid overload (crackles or hepatomegaly), the proportion of
children requiring ventilation for fluid overload alone, changes in OI, respiratory rates, FiO2 requirements and O2
saturation change from BL up to 24 hrs, total fluids in mL/kg at 6 and 24 h and % fluid overload at 24 h. Other
parameters that were compared were the inotrope score, PELOD score, PICU LOS, and mortality.
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They used the same treatment protocol as they used in a study completed the year before. NS used with boluses up
to 60 mL/kg in the first hour with careful monitoring for signs of fluid overload. Of note, they inserted a CVP line
within the first hour in all patients (usually achieved within 30 min). Further fluid was guided by the CVP and clinical
features of hypoperfusion—a lower threshold of <8 cm H2O with one or more clinical sign was needed to give more
fluid. Once threshold reached, inotropes/vasopressors were titrated.
They gave the FB with an infusion bag in the 15-20 min group and push-pull in 5-10 min group. In both groups, a
stopwatch was used for time keeping.
They analyzed results half-way through the planned enrollment per their IRB-equivalent who instructed them to stop
the trial if there was a significant increase in ventilatory requirements/deaths, which it did! They performed a
multivariate logistic regression using the proportion of newly ventilated at first hour as the dependent variable and
factors likely to influence the outcome, decided a priori, as the independent variables.
Results: 104 children were eligible; 8 were excluded for prespecified reasons, so 96 enrolled; 45 in 15-20 and 51 in
the 5-10 min groups. Groups were balanced for age, PIM2, PELOD, diagnosis and hemodynamic and respiratory
variables (Table 1). The children were malnourished with wt-for-age z-score of -1.79(-3.01 to -1.21) in the 15-20 min
group and -1.6 (-3.01 to -0.83) in the 5-10 min group. BMI z-score also low: median of -2.64 and -2.15 respectively.
Median age was 6.5 years. High PIM2 score 74 (49-79) in 15-20 and 71 (43-77) in 5-10 min [I am not sure their PIM2
calculations are correct—using their data I get much lower values and observed mortality was not nearly this high].
Initial median CVP was 6 (4-9) in 15-20 min and 5 (3-6) cm H2O in 5-10 min groups. Median lactate was 2.9 (1.1-3.6)
and 3.0 (0.9-3.8) mmol/L with base deficit of 8 (4.2-12.8) and 7.8 (3.9 – 11.8) mmol/L. Mean (SD) SVC O2 saturation
was 72%(11%) vs. 70%(12%).
The proportion of children with SVC O2 saturation ≤70% was 61% in 10-15 min vs. 66% in 5-10 min group. Mean (SD)
hgb was 9.7(2.2) and 10 (2.4) g/dL. Blood cultures were positive in 16% of 15-20 vs. 22% of 5-10. Cold shock was
identified in 82% of 15-20 min and 85% of 5-10 min.
Significantly fewer children in the 15-20 min group experienced the primary composite outcome of newly ventilated
or increase in OI by 5 or more immediately after fluid resuscitation in the first 6 and 24 hours: 36% vs. 57% (RR, 0.62;
95% CI, 0.39-0.99, p=0.04) and 43% vs. 68% (RR, 0.63; 0.42-0.93, p=0.02). NNH was 5 and 4 at 6 and 24 hours,
respectively. Even after the first hour, the composite outcome was significantly lower in 15-20 group: 18% vs 43%;
RR, 0.41, 0.20-0.83, p=0.008). NNH was 4. There was no difference in mortality (40% vs. 33%, RR, 1.2 (0.70-2.03),
p=0.5).
The proportion of newly ventilated children at first hour after fluid resuscitation was only 11% in 15-20 min group vs.
35% in 5-10 min group; RR, 0.31, 0.13-0.78). The median (IQR) time to initiate mechanical ventilation was 215 (52340) min in 15-20 min group vs. 25 (15-180) min in 5-10 min group (p<0.0001). At the end of the first hour, all those
newly ventilated were because of fluid overload. From 1-6 hours, 5 children in each group had to be intubated
secondary to refractory shock. The proportion of children newly ventilated for fluid overload alone was significantly
lower at 6 and 24 hours in the 15-20 group: 8/40 vs. 20/46 at 6 hrs; p=0.02) and 8/37 vs. 20/41 at 24 hr; p=0.01.
The OI increased from 8 and 7.2 to 9.5 and 13 at 6 hours in the 15-20 and 5-10 groups respectively. At 24-hours it was
10.3 vs. 16. Hepatomegaly developed at 6 hrs in 18% of 15-20 min group vs 41% in 5-10 min group. RR 0.43 (0.210.88), p=0.01.
Shock resolution as determined by MAP, SVCO2, lactate and BD at 6 and 24 h was not significantly different.
On multivariate logistic regression analysis of factors associated with the need for ventilation in the first hour, only 510 min FB was significantly associated after adjusting for all other factors (p=0.006).
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Discussion: These findings suggest that fluid should not be delivered too rapidly since at least in this population of
very ill children, there was significant evidence of adverse effects. It is noteworthy that this population had a high
mortality rate and most were classified as cold shock, even though the measured CVP was not elevated at baseline in
most children.
The findings suggest that very rapid fluid administration may transiently increase capillary hydrostatic pressure
leading to increased interstitial fluid that has adverse pulmonary and likely other organ system effects. One may
assume that the adverse effects would be greater in children with pneumonia, but pneumonia was the source of
infection in 29% of the 15-20 min group vs. 14% in the 5-10 min group, suggesting that more of the former children
should have developed respiratory failure. The latter group had more meningitis (27% vs. 20%) and abdominal
infections (22% vs. 13%). This was not a severely anemic cohort and only one patient turned out to have malaria. SVC
O2 saturation was not severely depressed when the CVP was inserted in the first hour of resuscitation (This group
previously showed a beneficial effect of using the SVC O2 to guide therapy).
It is noteworthy that the need for mechanical ventilation/worsening of OI persisted at 6 and 24 hours after the fluid
bolus. They noted that the O2 saturations worsened at 1 hour and 6 hrs in the 5-10 min group (lowest sats 82% and
91%) with increasing FiO2 and peak OI from 7.2 to 16 in the 5-10 min group over the first 24 hours. This group also
had a significantly higher rate of developing hepatomegaly.
They note that rapid restoration of blood pressure and perfusion in the hypotensive child is important to limit endorgan injury. Thus, fluid resuscitation has to be balanced to address the concerns from causing adverse effects if
infused too rapid or too slow! (i.e., need Goldilocks infusion rate). Of note, in Table 2 they document that mean first
bolus was completed in 17 vs. 6 min; second in 35 vs. 13 min and third in 53 vs. 22 minutes! Thus, 60 mL/kg was
given very rapidly in this population of children, especially in the 5-10 min group. Respiratory rate increased from
mean (SD) of 39(14) in the 5-10 min group to 49(14) at 1 hour compared with 38(13) to 38(12) in the 15-20 min
group, p=0.0003. FiO2 went from 70%(17%) at BL to 88%(9%) at 1 hour vs. 72%(14%) to 78%(12%), p<0.0001. CVP at
catheter insertion was 5(3) cm H2O in both groups and max during 1-6 hours was 11(4) in the 15-20 min group vs. 12
(4) in the 5-10 min group, p=0.59. From 6-24 h it was 11(3) and 13 (3), p=0.05. There were no significant differences
in the MAP or SVC O2 sat between groups at any time. Lactate clearance, however, was slower in the 5-10 min group;
median IQR lactate at BL, 6 hr and 24 hr was 3.0 (0.9-3.8), 2.7 (1.2-3.8) and 2.1 (1.1-3.1) mmol/L, but this was not
statistically different from the 15-20 group: 2.9 (1.1-3.6) to 1.4(0.9-3.8) to 1.2 (0.9-3.3).
Limitation is their protocol recommends intubation whereas some other centers may use NIPPV. Secondly, the
numbers are fairly small, but protocol compliance was good and groups were well matched at BL.
Separate critical review in a letter to the editor noted that the fragility index, the number of subjects with an
alternative outcome, was low in this trial: 1 at 6 hours and 2 at 24 hours. This would have changed the results to
p>0.05. [Russel M J, Kanthimathinathan HK. Pediatr Crit Care Med 2018; 19:369-71.] They thought the trial should not
have been stopped.
An editorial by T Kortz and N Kissoon (Pediatr Crit Care Med 2017; 18:995-7) state the situation well: “Globally, sepsis
is a heterogenous clinical entity characterized by differences in patient comorbidities and infectious etiologies and
affected by access to care, provider knowledge, monitoring capabilities, and resource availability across and within
regions that render a uniform approach to management impractical and misguided.”
The current WHO guidelines recommend 10-20 mL/kg of isotonic fluid over 30 to 60 minutes followed by
reassessment; and, if the patient remains in shock, a repeat 10 mL/kg over 30 minutes is recommended.[WHO
Updated guideline, Paediatric Emergency Triage, Assessment and Treatment: Care of Critically Ill Children.
www.who.int
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Li D, Li X, Cui W, Shen H, Zhu H and Xia Y. Liberal versus conservative fluid therapy in adults and children with
sepsis or septic shock. The Cochrane Database of Systematic Reviews. 2018; 12:Cd010593.
In Jan 2018, the authors searched, CENTRAL, Medline, Embase, intensive and critical care conference abstracts, and
www.Clinical.Trials.gov to identify RCTs, quasi-RCTs and cluster RCTs comparing liberal fluid therapy versus
conservative fluid therapy for children and adults with septic shock. The search retrieved 8226 references and
another 260 were found by searching the clinical trials registry. After removing duplicates, there were 6650 citations;
6631 were excluded through title and abstract screening. Of the remaining 19 full-text articles, only 3 met their study
inclusion criteria.
They identified no adult studies that met the selection criteria and only three pediatric RCTs, the FEAST trial and two
small trials in India. These were previously reviewed. They conclude that liberal fluid therapy may increase mortality
among children with sepsis or septic shock, but they do not comment on the differences in the underlying
populations compared with higher resource centers.
Gelbart B, Glassford NJ and Bellomo R. Fluid Bolus Therapy-Based Resuscitation for Severe Sepsis in Hospitalized
Children: A Systematic Review. Pediatr Crit Care Med. 2015;16:e297-307.
They searched for RCTs (12/2014) in Medline, Embase and CCRCT using terms related to fluid resuscitation for severe
sepsis and septic shock. Two independent investigators identified relevant articles for inclusion. The reference lists of
included articles were also examined to identify any missing articles. They specifically included articles describing
hospitalized children >28 days to 18 yo. They excluded studies of lone tropical pathogens such as malaria and dengue
fever. They examined any form of fluid resuscitation compared to any comparative group. Primary outcome of
interest was mortality at any reported time point. Secondary outcomes were duration of ICU and hospital stay,
duration of mechanical ventilation, time to shock reversal as defined by the study authors, or changes in reported
physiologic variables. They did not contact authors for additional information.
A meta-analysis could not be conducted due to clinical heterogeneity and methodologic heterogeneity of the studies
identified. The search for RCTs and nonrandomized studies identified 3,393 and 2,967 publications respectively. They
identified 17 RCTs, but 14 met exclusion criteria leaving only 3 studies in the final analysis, which were reviewed in
the last ILCOR statement (Santhanam et al, 2008, single center RCT in ICU in Chennai India with 147 children;
Upadhyay, 2004, 60 children in single center RCT in ED/ICU in Chandigarh, India; and, de Oliveira, 2008, with 102
children in multicenter RCT in Sao Paulo, Brazil
They also identified 8 observational studies; 6/8 were retrospective.
Key Findings: They could only identify 3 RCTs looking at fluid bolus therapy in hospitalized children without malaria or
dengue and 8 observational studies. The cohorts were small and the populations studied underwent different
procedures, so unable to combine in a meta-analysis. Of note, there were no RCTs in Europe or N America.
In the absence of evidence, there should be clinical equipoise for conducting a trial of high vs. low fluid volume
resuscitation and evaluating the benefit or harm from different speeds of fluid resuscitation in developed countries.
Other questions are when to begin vasopressor/inotropic therapy and what clinical criteria can be used to classify the
type of shock and guide therapy, including guiding therapy during fluid bolus therapy to minimize the risk of adverse
effects from the therapy. Since mortality rates in developed countries are relatively low, a trial would be logistically
challenging and require multiple centers. Other outcomes, such as respiratory morbidity, AKI, MOSD injury, etc. may
be more relevant endpoints. Compounding
analysis of this type
of study
is knowing
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existing comorbidities, such as malignancy, chronic renal failure, etc. Also need to consider the effect of the time and
type of other interventions, such as time to appropriate antibiotics/antivirals/antifungal agents. The role of viral
infections in septic shock in children also needs further analysis—in many studies from high-resource countries it
appears that children who meet severe sepsis/septic shock criteria often have a viral infection rather than a bacterial
infection.
Medeiros DN, Ferranti JF, Delgado AF and de Carvalho WB. Colloids for the Initial Management of Severe Sepsis
and Septic Shock in Pediatric Patients: A Systematic Review. Pediatr Emerg Care. 2015; 31:e11-6.
The authors searched PubMed, Embase, Cochrane, Web of Science and Scopus for relevant studies evaluating the use
of colloids compared with crystalloids. A total of 11 relevant studies were found and one more was added after
reviewing previous reviews. Of the 12 articles, there were no new studies not included in the 2015 CoSTR statement.
Five studies assessed colloids in malaria, five studied dengue shock, the FEAST trial studied “febrile disease” and 1
examined the progression of septic shock from various causes.
They concluded, “The articles analyzed did not provide evidence to suggest that colloids are superior to crystalloids.
In some studies, the amount of fluid needed to achieve initial stabilization was smaller in the group given colloids.
Crystalloids seem to be the preferred therapeutic option because of their effectiveness, low cost, and wide
availability. Colloids may be the first choice in cases of malaria when the central nervous system is affected.”
Weiss SL. Crystalloid fluid choice and clinical outcomes in pediatric sepsis: A matched retrospective cohort study. J
Pediatr 2017; 182:304-10
Objective was to determine if a balanced (RL, Hartmann, Plasma-Lyte) solution was associated with an improved
outcome compared with NS, which in large volumes may cause a hyperchloremic metabolic acidosis and has been
associated with an increased risk of AKI in adults. Data in critically ill adults suggest increased hospital mortality with
NS vs. LR (e.g., Raghunathan K, et al. CCM 2014; 42:1585-91).
Conducted a matched retrospective cohort study of peds patients (<18 yo) with severe sepsis or septic shock across
382 geographically diverse US hospitals between Jan 2000 and Dec 2013. Patients identified from the Premier
Healthcare Database. Dx of severe sepsis, septic shock based on coding for either an invasive infection plus acute
organ dysfunction or the ICD-9-CM code for “severe sepsis” or “septic shock.” Restricted inclusion to children with an
order within the first 3 days of hospitalization for blood cultures and broad-spectrum antibiotics and patient had to
have orders to receive any combination of NS or LR boluses during the first 3 days of hospitalization. Excluded NICU
admissions and children with unknown hospital disposition at day 30.
Fluid volumes billed as 250, 500, or 1000 mL units, so analysis based on assumption (likely incorrect) that the entire
billed fluid volume was given. Used mean weight for age to estimate mL/kg.
Separately analyzed a small population of children who received only LR vs. only NS. Primary outcome was all-cause
30-day hospital mortality (i.e., don’t know if mortality was related to infection that was coded). Secondary outcomes
included new onset AKI identified by ICD-9 codes, with or without dialysis.
Results: An initial cohort of 12,529 met all inclusion/exclusion criteria; only 2150 were ordered to receive at least one
LR bolus; 459 received LR exclusively. There were 2117 patients in the LR any group and 2117 in the matched NS
group. 82% and 79% were admitted to the PICU; 42% and 39% received a vasoactive infusion and 66% and 64%
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Table VII. Outcomes in matched cohorts: showed that 30d mortality was 7.2% in LR-any and 7.9% in NS group. Risk
ratio, 95% CI was 0.99 (0.9-1.09). AKI occurred in 15.8% vs. 15.9%; RR=1 (0.97 – 1.02). Median PICU LOS was 7.8 days
vs. 7.3 days (RR = 0.5; 0.2 – 0.8). There were no differences between the LR-only and matched NS-only groups except
for hospital median LOS (11.9; 5.0 – 18) vs. (10.5; 4.0-14) days: RR 1.35 (0.5-2.2), p= 0.01.
All-cause mortality rate increased with total crystalloid volume by quartiles, but there was no difference by fluid type.
There were several limitations noted by the authors: 1) claims-based data may lead to misclassification bias if
ordered and administered therapies are discrepant; 2) they could not account for prehospital fluid administration; 3)
the volume per kg weight was estimated based on average weight for age and assumption that total volume of billed
fluid was given; 4) the NS group was younger than the LR group could have introduced more error in estimating the
total volume of fluid given in these younger patients because of the rounding of fluid given based on amount billed;
the accuracy of using ICD-9-CM codes for infection plus organ dysfunction codes to identify sepsis is controversial; 5)
although statistical matching is designed to minimize the effect of baseline differences, it is possible there are
unmeasured covariates that were not included in the matching process; and, 6) the identification and timing of
surgical interventions is limited using administrative codes, which made it difficult to account for the effect of the
usual surgical preference to use LR rather than NS.
Conclude that in this large matched cohort study of pediatric severe sepsis and septic shock, balanced fluid
resuscitation with LR was not associated with improved mortality, AKI or dialysis, even when matched by fluid volume
and proportionate LR utilization. However, LR was preferentially used either as first-line fluid in patients with lower
illness severity or as an adjunctive fluid in patients who received large amounts of fluid resuscitation. Furthermore,
the matching algorithm was least effective in the most severely ill patients who received the largest fluid volumes.
This study established equipoise for a prospective RCT.
Lots of issues with confidence in diagnosis, bias in selection of fluid, knowledge about surgery where LR is more often
used. Can’t match fluid to sepsis event.
van Paridon BM, Sheppard C, G GG and Joffe AR. Timing of antibiotics, volume, and vasoactive infusions in children
with sepsis admitted to intensive care. Crit Care. 2015;19:293.
They hypothesized that early antibiotics, fluid resuscitation and vasoactive infusions would be associated with fewer
days of ventilation and shorter LOS in the PICU. To study this, the Alberta Sepsis Network (ASN) prospectively
enrolled a cohort of children with sepsis admitted to the only two PICUs in Alberta. In this study, they retrospectively
reviewed the charts of children admitted to the Stollery Children’s Hospital PICU. The population include all children
up to 17 yo from 4/2010 to 3/2014 admitted to the PICU. Sepsis defined as SIRS caused by suspected or proven
bacterial or fungal infection with antibiotics prescribed and a CVL or arterial line in place (thus, a susbset of all sepsis
cases). Septic shock defined as receiving a vasoactive drug infusion or a dose change of a vasoactive agent on the first
calendar day of sepsis. Severe underlying comorbidity was defined as having a cardiac, neurologic or at least two
other organ systems involved in a chronic disease prior to the onset of sepsis. Patients were excluded if they were
not expected to survive >24 hours, were on palliative care, or if they had severe sepsis for ≥48 h.
Time of onset was time of presentation to the ED, or if they were hospitalized, time of temp >38.2 and blood cultures
drawn. They determined the time when an antibiotic infusion started, fluid boluses time and volume, and volume
given in first two hours as a pragmatic definition of early bolus therapy. They also determined the volume of fluid
infused until first vasoactive infusion was started, and time of vasoactive infusion from presentation.
Primary outcome was association between timing of AB administration and PICU LOS. In the septic shock subgroup,
they evaluated both the timing of AB and amount of early fluid with PICU LOS. Other pre-defined outcomes were
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one year after index sepsis admission. Age, PRISM-III and severe underlying comorbidity were entered into all
regression analyses.
Results: Of 83 patients in the ASN database, 4 were excluded due to lost charts. Of the 79 included, the median age
was 60 (IQR, 22-133) months. 49% had severe underlying comorbidity and the median PRISM III score on day of
sepsis was 10.5 (6.0 – 17.0). There were 5 deaths (6.3%) by one year; only one died during hospitalization for sepsis
event. Most children presented to the ED, either at an outlying hospital (46%) or at Stollery (27%). Only 2 (3%)
developed sepsis while on the wards and 25% while in the PICU.
Most infections were pneumonia w/ or w/o empyema (53%), meningitis (14%) or bacteremia (13%); other sites
included abdominal (5%), UTI (4%), cellulitis (3%) and other (9%). Median time from presentation to acceptable AB
administration was 115.0 (59-323) minutes; only 20 patients (25%) received their antibiotics within 60 mins. There
were 44 children (56%) with septic shock of whom 3 died by 1 year.
On univariate analysis, early AB administration was associated with higher PRISM-III score and longer PICU LOS. In the
septic shock cohort, administration of >20 mL/kg of fluid in the first 2 hours was associated with older age and
higher PRISM scores with no difference in outcome. For the dichotomous outcomes of ventilator days >7, PICU LOS
>7 days and delta-PELOD>median, there was more fluid given in the first 2 hours to children ventilated for at least 7
days: mean(SD) 36.7(34.9) vs. 20.2 (17.6), p=0.05, but the first 2 hours of fluid was not associated with PICU LOS>7
days or delta-PELOD. The PELOD score was much higher in those ventilated >7 days: 14.4(8) vs. 20.7(11), p=0.007, as
was the PRISM score: 10.4(6.1) vs. 14.5(8.6), p=0.02, but not the presence of severe underlying disease, which
trended higher in longer ventilated group, but was not significant: 40% vs. 66%, p=0.056.
For PICU LOS>7 days, the presence of severe underlying disease was significantly higher in long stay patients: 33% vs.
61%, p=0.022. Only ventilator days differed significantly for the delta-PELOD groups with the smaller delta associated
with longer ventilation: 10.3(11.2) vs. 5.8(5.1) days, p=0.036.
Since there were so few deaths, and most deaths occurred after hospitalization, it is likely not appropriate to relate
this outcome to FBT.
Multiple regression analysis found that the PRISM-III score and severe underlying comorbidity were independent
predictors of PICU LOS >7 days, but not time to first antibiotics. In the septic shock group, the volume of fluid boluses
given in the first two hours was independently associated with longer PICU LOS (effect size 0.22 days; 95%CI, 0.5,
0.38 days per mL/kg, p=0.01). Independent predictors of ventilation >7 days were the PRISM-III score and severe
underlying comorbidity. In the septic shock group, the volume in 2 hours was again associated with more ventilator
days (effect size 0.09 days (0.02-0.15) per mL/kg, p=0.009. The only independent predictor of a smaller than median
delta-PELOD was age (effect size 0.042 (0.004-0.08), p=0.032 in the overall group; there were no independent
predictors of delta-PELOD in the shock group.
Discussion: The timing of first antibiotic was not independently associated with any outcome on multivariate analysis.
Higher 2-hour volume of fluid was independently associated with PICU LOS and more ventilator days, but PRISM
score and presence of severe underlying disease were also associated with these outcomes. Time to starting
vasoactive agents was not associated with disease outcome.
They note that septic shock was defined by the decision to start vasoactive therapy; thus, some children may have
responded to FBT and not required vasoactive therapy. They did not record the time of hypotension to meet more
stringent definition of septic shock, although the BP threshold for hypotension may not be accurate.
The mortality was remarkably low for this population of sick children (based on PRISM-III and PELOD scores),
suggesting that what they were doing was effective in reducing mortality. Finally, they note that this study cannot
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Limitations: By limiting the cohort to only those children judged to be ill enough to need an arterial line and/or CVL
for frequent blood sampling, they eliminated children who may have responded to fluid bolus therapy and clinically
improved without the need for more aggressive therapy. In addition, even though their analysis adjusted for severity
of illness (PRISM-III) and organ failure (PELOD), more severely ill children are more likely to receive more fluid. There
was an association between fluid volume and longer LOS and ventilation, but this does not prove causation. 46%
were transferred from an outside ED, so the volume and speed of resuscitation in that setting was not captured. This
is a small cohort, especially those with septic shock (N=44), making generalizations difficult.
There is no explanation of why the septic shock children were older. It is not surprising that early AB administration
and larger fluid boluses in the first 2 hours was associated with longer LOS—children receiving early and more
aggressive therapy were more likely to be perceived as more ill.
Zhang S, Dai X, Guo C. Crystalloid fluid administration was associated with outcomes in pediatric patients with
severe sepsis or septic shock. Medicine. 2018; 97:48(e12663).
To evaluate the association between fluid accumulation and clinical outcomes, this study aimed to assess the
variability in crystalloid administration among children with severe sepsis and septic shock at a large tertiary care
hospital in China. Specifically, they evaluated the relationship between the cumulative 3-day crystalloid amount and
outcome, postulating that restrictive crystalloid intake would be associated with better clinical outcome.
The study population was retrospectively analyzed; cohort from 2011 through 2015 at Children’s Hospital of
Chongqing Medical University. Exclusion criteria were PICU stay <3 days, age <6 months or >12 years, unexpected
discharge from the PICU or transfer to another facility (13/108 were transferred due to financial reasons!), and
incomplete data on fluid balance. A total of 108 children were admitted to the PICU with sepsis or septic shock. Of
these, 29 were excluded, 8 were <6 months, 3 had stays <3 days and 5 had incomplete data. The remaining 79 were
analyzed.
There was no specific protocol used for fluid administration. The daily intake and output was recorded from the
chart; they did not try to estimate insensible losses. The patients were divided into a low (40 children) and highvolume (39 children) cohort based on intake above or below the median of 193 mL/kg. Of note, there is reference
made to intraoperative hemodynamic parameters, but no mention of how many children had surgery and if the
surgical fluid intake was considered.
The primary outcome was all-cause PICU mortality. The secondary outcome was the PICU LOS following sepsis
recognition.
Results: The median (IQR) PRISM III on day of sepsis was 13.1 (8-17). Median age was 3.1 years. Severe sepsis was
diagnosed in 33 patients on first day and 2 on second day; 44 (55.7%) had septic shock. Most infections were intraabdominal w/ or w/o bowel perforation (26, 39.2%). Respiratory source in 12.6%, skin & soft tissue in 11.4%, primary
blood stream in 7.6% and meningitis in 5.1%). Antibiotics were given w/in the first hour in 32.9%. Overall, 74.7% had
a positive culture of a normally sterile site. Gram negatives were more common than gram positive organisms: 51.9%
vs. 20.3%; anaerobes were identified in 17.7% of cultures and fungus in 6.3%. Viral DNA was reportedly isolated from
the blood of 11 patients (13.9%) but no details are provided on which organisms were identified; antiviral agents
were given to 9.8% of children.
The low and high-volume groups were matched for WBC, CRP, PCT, albumin, lactate. Significant differences were
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(2.48) years, p=0.043). PRISM (high vs low): 13.4 (6.1) vs. 12.7 (6.8), p=0.027. Lactates were similar: 0.74(0.36) vs.
0.66 (0.29) mmol/L, p=0.16, as were CRP (nl 0-8 mg/L): 26.6(11.2) vs. 25.8(9.7), p=0.11. PICU mortality was
significantly worse in high-vol group: 46.2% vs. 25%, p=0.041, PICU LOS: 15.8(7.8) days vs. 9.7(5.3) days, p=0.026.
Renal failure and hyperchloremic acidosis incidence was not different. 84.6% of high-vol children required mechanical
ventilation vs. 62.5% of low volume, p=0.024. More high-vol children required vasoactive drug infusion (46.5% vs
23.5%, but this did not reach statistical significance, p=0.22).
Discussion: There was an association between total 3-day fluid intake and mortality and increased PICU LOS, but they
cannot ascertain cause and effect and their analysis does not adequately consider comorbidities and reason for
admission, which they state was different between the two groups. As they state in their discussion, “Because this is
a retrospective study, it is not possible to distinguish whether high crystalloid administration is simply a marker of
illness severity…”
They correctly note that this was a small, retrospective study with a heterogeneous population. They were unable to
assess interhospital variation in fluid administration and they did not assess if the antimicrobials were appropriate for
the organisms subsequently identified.
Limitations: This was a relatively small single center study with poor methodology since they only evaluated children
who were in the PICU for 3 days and conducted their evaluation by comparing children who received less than the 3day median fluid intake to those who received more. It would have been preferable to analyze the groups by volume
(ml/kg) over a continuous range rather than in a dichotomous manner. It is possible that some children responded to
fluid bolus therapy and did not need to remain in the PICU for 3 days. In addition, although they reportedly adjusted
for baseline PRISM score, it seems that the children who received more fluid were more ill. There is no way to know if
this association is just a surrogate marker for more seriously ill children.
Some children appeared to have had surgery (likely at least some of the children with bowel perforation), but no data
are provided, including no data on how much fluid was given intraoperatively and if that was considered in the
analysis. In addition, there is likely underlying chronic conditions in a number of these children, but no data is
provided.
Although invasive monitoring was done in a number of the children, no analysis of the change in parameters, such as
acidosis and lactate over the 3-day period was provided. This population of children was also not typical since they
had a high rate of intra-abdominal sepsis, including bowel perforation (32.9% of total with 10.1% of total population
having bowel perforation). Unlike many studies in high-resource settings, this population had a high rate of positive
cultures (74.7%) with gram negative (51.9%) and anaerobes (17.7%) more common. Gram positive organisms were
recovered in 20.3% of children and fungus in 6.3%.
Emrath ET, Fortenberry JD, Travers C, McCracken CE and Hebbar KB. Resuscitation With Balanced Fluids Is
Associated With Improved Survival in Pediatric Severe Sepsis. Crit Care Med. 2017; 45:1177-1183
They hypothesized that the exclusive use of balanced fluids (BF) for initial resuscitation in children with pediatric
severe sepsis (PSS) was associated with improved survival compared with children resuscitated with unbalanced
fluids (UF). Current guidelines do not make any recommendation regarding the use of NS vs. a balanced crystalloid
solution like LR.
Analyzed data from the PHIS database from 2004 to 2012. This data comes from 43 freestanding children’s hospitals
in the US. Patients were identified as have PSS based on one of the following: ICD-9 code 995.92 (severe sepsis) or
785.52 (septic shock) or an ICD-9 code for infection plus at least one code for organ dysfunction using an approach
developed by Angus that was modified by Weiss. Pediatric complex chronic conditions identified from codes used to
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Balanced fluids (BF) defined as any recorded volume >90 mL. The primary outcome was in-hospital mortality.
Secondary outcomes included AKI, use of CRRT, hospital LOS, PICU LOS and vasoactive infusion days.
Propensity score matching was used to balance groups on baseline characteristics.
Results: Of 636,842 admissions, 49,153 (7.7%) patients met criteria for PSS. Of these, 36,908 were identified for
analysis of fluid resuscitation. Of note, in the overall cohort, mortality decreased from 21% in 2004 to 12% in 2012
(other publications suggest at least some of this is from changes in coding over time and not because outcome was
truly improved). Furthermore, children with exclusive use of BF decreased from 10.9% in 2004 to 3.4% in 2012
(p<0.001). Overall, 24% received any amount of BF during the first 24 h; 2398 received exclusive BF at 24 hours and
1641 at 72 hours. The BF group was younger at admission (3.2, IQR 0.6-11.6 with BF vs. 5.8 1.2-13.5). The unbalanced
fluid (UB) group (n=30,166) had a 6.3% renal comorbidity vs. 3.8% in BF group, which may bias the results (p<0.001).
Malignancy was also more common in the UB group (19.1%) vs. BF (14.9%) (p<0.001), whereas CV comorbidity was
more common in the BF group (32.9% vs. 25.7% (p<0.001)). The general type of infection did not differ at 24- or 72hours. Hospital mortality was lower in exclusive BF group vs. UB (14.3% vs 15.8%; p=0.048) as was AKI presence
(17.2% vs. 23.2%; p<0.001) and CRRT (6.2% vs. 8.9%; p<0.001). However, patients receiving BF in first 24 h had longer
PICU LOS (10 vs. 8 days; p<0.001)) and total LOS (23 vs 19 d; p<0.001).
Patients who received exclusive BF were propensity matched in a 1:6 ratio with those who received only UFs at both
24 and 72 hours. In this analysis, 8,844 UB patients were matched with 1474 BFs. In the 24-hour analysis, total LOS
and PICU LOS were again longer in the BF patients. There were no significant differences in vasoactive infusion days,
presence of AKI or CRRT use. Although mortality was lower in BF group, it was not significant (13.4% vs. 15.5%;
p=0.051; OR 0.85 (0.72-1.00)). In the 72-hour analysis, 7000 UB patients were matched with 1,000 BF patients.
Mortality was significantly lower in BF group (12.5% vs. 15.9%; p=0.007; OR 0.76; 95% CI, 0.62-0.93). Total LOS was
longer in the BFs group but PICU LOS was not significantly different. The use of CRRT was lower in the BF group, but
not significantly (5.4% vs. 7.2%; p=0.054). Vasoactive infusion days also shorter with BF (3.0 (2.6-3.4) vs. 3.3 (2.9-3.8);
p<0.001).
Discussion: Since the use of BF decreased over time, it makes it difficult to ascribe mortality changes to BF use alone.
The diagnosis of PSS also increased over time as the overall mortality decreased. Although adult studies showed
similar results using propensity matching, a randomized multicentered trial comparing buffered crystalloid to NS
found no difference in outcome (Young P, et al. Effect of a buffered crystalloid solution vs. saline on acute kidney
injury among patients in the ICU: The SPLIT randomized clinical trial. JAMA 2015; 314:1701-10.)
Other limitations to this study include the use of an administrative database with uncertain identification of PSS. PHIS
data also lacks clinical details. For example, the database does not distinguish between sepsis on admission and
subsequent sepsis development during the hospitalization, thus uncertain timing between when BF or UB was used
compared with sepsis episode. Also, unable to determine fluid balance and volume of fluid administered. Propensity
matching may introduce bias.
Kortz TB, Axelrod DM, Chisti MJ and Kache S. Clinical outcomes and mortality before and after implementation of a
pediatric sepsis protocol in a limited resource setting: A retrospective cohort study in Bangladesh. PLoS One. 2017;
12:e0181160.
The authors recognized that compliance with pediatric sepsis algorithms improved outcome in high-resource settings,
so they wanted to determine if a pediatric sepsis protocol consistent with AHA-PALS/ACCM guidelines would improve
outcome. They previously were able to improve outcome in children with severe acute malnutrition (SAM) by
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implementing a treatment protocol and hoped to achieve the same with the sepsis protocol, which was implement in
2010.
This was a retrospective cohort study conducted at Dhaka Hospital, operated by the International Centre for
Diarrhoeal Disease Research, Bangladesh, which provides medical care for ~140,000 patients/year with primarily
diarrheal and acute respiratory illnesses, but also treats children with sepsis. The study population was children from
ages 1-59 months admitted with sepsis, severe sepsis or septic shock. Cases identified by text search of their EMR
looking for “sepsis” or “septic.” One year before and after the implementation of the protocol was chosen (10/25/09
through 10/25/2011). The primary author reviewed the records and reviewed notes, vital signs and lab results to
determine if sepsis, severe sepsis or septic shock was present using the definitions from the International Pediatric
Sepsis Conference (Goldstein).
Primary outcome was change in inpatient mortality after protocol implementation. Secondary outcomes included
changes in rates of clinically recognized fluid overload, heart failure, respiratory insufficiency, length of hospital stay.
Fluid overload was determined by the presence of any two of the following phrases in search of physician notes: fluid
overload, ascites, bilateral crackles or rales, pulmonary edema, tachypnea, gallop (without hepatomegaly), peripheral
edema or hepatomegaly. Heart failure defined by any of the following phrases: heart failure, cardiac failure, poor
cardiac output, gallop with hepatomegaly or congestive heart failure.
The protocol specifically changed their approach to delivering 20 mL/kg boluses over 10-30 mins, including children
with SAM, who pre-protocol received fluid boluses over 60 min. Their records do not contain data on the duration of
fluid infusion. The control period protocol for fluid bolus therapy was to give the fluid bolus over 60 min in severely
malnourished children versus 10 – 30 minutes in adequately-nourished children.
Results: 404 charts were identified by keyword search. Of these, 76 were excluded, mostly for the term “aseptic.”
328 met inclusion criteria; 143 pre- and 185 post-protocol implementation. At baseline, the populations were fairly
well matched, although septic shock was diagnosed in 33% of the post-protocol group vs. 16.1% in the pre-protocol
group (p=0.01). Bacteremia rates were similar: 27.3% pre- vs. 28.7% post-protocol. In the discussion, it was noted
that because of the nature of the hospital, sepsis was more likely enteric in its source compared with a general
hospital where malaria and respiratory infections are more common. There was a high rate of severe malnutrition
(weight-for-age z-score, WAZ <-3) of 59.4% in pre- and 66.5% in post-protocol groups (p=0.32).
Protocol implementation did not change compliance as 16.1% vs. 12.4% of children (pre- vs. post-protocol) received
antibiotics within 60 mins and 65.0% vs. 67.6% received a fluid bolus within 60 min. Significantly more children
received a blood transfusion within 60 min post-protocol: 31.9% vs. 13%.
Pre- vs. post-protocol mortality was similar (32.2% vs. 34.6%, p=0.72). When just evaluating the amount of crystalloid
and blood given in the children who died, the median (IQR) total volume of crystalloid were similar (Table 2) as well
as the bolus volumes: 41 (11-68) vs. 47 (11-69) mL/kg, p=0.28 and 37 (10-63) vs. 36 (20-52) mL/kg, p=0.76). Those
who died received more blood (median, IQR: 0 (0-0) vs. 4 (0-16) mL/kg, p=0.002).
The prevalence of fluid overload (%, 95% CI) was 31.5% (23.8-39.1%) in pre- vs. 54.1% (46.9-61.3%) post-protocol,
p<0.001. Heart failure was identified in 3.5% (0.5-6.5%) pre- vs. 10.3% (5.9-15.7%) post-protocol, p=0.02. The rate of
respiratory insufficiency was not different between groups. Median LOS (hours, IQR) was 96 (46-168) pre- vs. 120 (72240) post-protocol, p=0.02.
Using a logistic regression that adjusted for age, male sex, WAZ, PIM2, hematocrit, meets sepsis criteria and culture
positive sepsis, the adjusted OR (aOR) for mortality post-protocol was not significantly increased, 1.55 (95% CI, 0.882.71, p=0.13). Fluid overload was more likely post-protocol, aOR = 3.45 (2.04-5.85, p<0.001) and if >10 mL/kg of
blood was infused, aOR = 5.71 (2.19-14.9).
failure was morebycommon
post-protocol,
aOR = 4.52 (1.43-14.29,
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Conclusions: A guideline-based pediatric sepsis protocol did not improve outcome in a limited-resource setting and
was associated with a significantly increased risk of fluid overload and heart failure, but not respiratory compromise.
LOS was also increased following protocol implementation.
Limitations: Case identification and complication identification based on search of notes and single investigator’s
classification who was not blinded to when the patient was treated. Vital signs, such as BP are uncommonly obtained.
PIM2 score is a poor method to risk adjust this population since PIM2 predicted risk of mortality was about 10% of
actual mortality. This likely resulted from missing lab results and the fact that high-risk PIM diagnoses are uncommon
in low-resource settings. Fluid volumes of crystalloid and colloid were only available in 42/143 (29.4%) of preprotocol patients and 63/185 (34.1%) of post-protocol children. Whole blood was infused in 10 mL/kg volumes.
Other limitations to this study make the results potentially biased and inaccurate. The post-protocol group had a
higher PIM2 score, but this score is not well calibrated to identify risk of mortality in this population. It is possible that
the post-protocol children were more ill, as suggested by the PIM2 score, and that the protocol improved their
outcome. It is also plausible that implementing the protocol increased clinician awareness and categorization of
children as septic in the written notes. However, it is plausible that the use of more rapid fluid administration
adversely affected outcome (or failed to improve outcome) since many of the affected children had SAM. The trial
comparing rapid vs. slower bolus administration (Sankar, et al) is consistent with this study: more rapid fluid
administration may have an adverse effect in this population of malnourished children.
The use of blood was also associated with increased mortality, which may reflect an adverse effect, but could also be
biased by being used in more severely ill children since one indication for blood transfusion was the presence of
septic shock.
Long E, Babl FE, Oakley E, et al, on behalf of the Pediatric Research in Emergency Departments International
Collaborative (PREDICT). Cardiac index changes with fluid bolus therapy in children with sepsis—an observational
study. Pediatr Crit Care 2018; 19:513-8. Note: I came across this study and decided to include it because I think it is
potentially informative regarding the effect of fluid bolus therapy.
The physiologic basis for fluid bolus administration is to improve cardiac index and thus tissue perfusion. This study
was designed to identify the change in CI using cardiac ultrasound obtained just before, 5 min after and then 60 min
after a 10 or 20 mL/kg fluid bolus was given to children with International Consensus Conference sepsis (not shock).
An increase of CI >10% following the fluid bolus is considered “fluid responsive.”
This was a prospective observational study in the ED at Royal Children’s Hospital, Melbourne which has >90,000
visits/year. It is registered with the AUS-NZ Clinical Trials Registry (ACTRN 12614000824662). Enrollment depended
on availability of the study investigator who was not involved in the patient’s care. Inclusion was sepsis diagnosis and
clinician decision to give a fluid bolus, which was rapidly infused by pressure bag or push-pull method. All boluses
were NS. Echo was read blindly by peds cardiologist; recorded LVOT diameter and velocity-time interval (VTI) to
estimate stroke volume (SV = VTI*LVOT area). CI = calculated SV*HR, which was adjusted for fever (decreased
recorded HR by 10 beats/min for each 1oC increase in temperature). Note that changes in VTI (“stroke distance”) are
assumed to reflect changes in the SV since they did not remeasure the LVOT diameter after the fluid bolus.
Slow enrollment (8/2013 to 2/2017): 44 children assessed for eligibility and 41 enrolled, receiving total of 50 boluses;
7 received 2 boluses and 1 patient received 3. There were 49 echos pre and at 5 min, but only 38 at 60 minutes. At
BL, 9/50 were hypotensive (18%--only 41 children, so this reported denominator refers to the number of boluses and
not patients) by Int Sepsis criteria, which are not evidence-based BP thresholds. CRT≥3 secs in 33/50. Median age was
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1.5 yr (0.5-3.9). 34% had a comorbidity.
23/41 (56.1%) hadbyaguest
pathogen
identified;
13/41 (32%) had a

documented bacterial infection. Viral infections in 10 (24%) ranging from RSV to enterovirus, influenza and Human
metapneumovirus. Infection source was 11 in the blood, 3 also in CSF, 1 in urine and 7 from lower respiratory tract.
CI prior to FB was 3.68 (2.82-4.55) L/min/m2; increasing by 18% (8.6-28.1%) to 4.15 (3.21-5.48), but at 60 min after FB
it was 3.54 L/min/m2 (-6.0%, -15.2 to 3.0%). For those boluses of 20 mL/kg the median IQR change at 5 mins was
from 3.65 (2.87-4.6) to 4.52 (3.21-5.70), a median of 19% (9.55% to 31.15%). Again, at 60 min it was back to BL: 3.61
(2.65-4.10), representing a change of -4.0% (-16.0 to 3.6%).
Complete hemodynamic data are not provided, including in the supplements. Median HR was 168 (IQR, 145-190), 5
min after the bolus it was 160 (130-172) and at 60 min it was 154 (134 – 168), representing a mean 8.3% decrease
from baseline. [Thus, if SV is unchanged, the CI would decrease by 8.3% at 60 min just based on the change in HR.]
The median stroke distance was 13.2 cm (IQR, 12.1-15.3 cm) and increased to 15.4 cm (15.1-19.5) at 5 min, a mean
increase of 16.67%. At 60 min it was 14.1 cm (12.2-15.7), representing a 6.8% increase in “SV,” but the HR was lower.
Only 31/49 (63%) of fluid boluses resulted in a >10% increase in CI at 5 min, thus less than 2/3 were fluid responders.
This was sustained in only 4/31 (13% of initial fluid responders).
Overall, 1 patient died by 28-days (2% mortality); median hospital LOS was 93 hours (48 – 210) with ICU LOS for the
15 (37%) patients needing PICU admission was 97 (52-167 hours). 5 children (12%) required vasoactive drug support;
9 (22%) needed invasive ventilation and 8 (20%) had non-invasive ventilation.
They note that they cannot rule out the possibility that there would have been a greater reduction in CI at 60 min due
to disease progression if the fluid bolus was not given.
This study suggests that a fluid bolus only has a transient effect, but I think the analysis is potentially biased by few
children who had a relatively high CI at BL. Note that only 37% required PICU admission. The fall in HR after the fluid
bolus suggests that the children were physiologically less stressed and explains much of the decrease in CI. Overall CI
is measured by ultrasound and we don’t know what changes, if any, in regional blood flow occurred, but it appears
that the patient’s endogenous SNS response was lower. In addition, what happened to the patient’s temperature
following the one-hour infusion? If it went down, there would be a smaller HR adjustment, however, temperature
may have continued to go up. It would also be interesting to know what this type of study would show in a child with
rotavirus-induced dehydration for example. Would CI increase and stay higher? It likely depends on how dehydrated
the patient was. The observed change in STI at 60 min following the bolus suggests there was a persistent
improvement in the SVI, but not more than 10% of the baseline value.
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Summary of Evidence Update:
There is little new information to inform clinicians on the role of fluid resuscitation after reviewing the evidence on
the role of restrictive vs. liberal fluid resuscitation, balanced vs. unbalanced crystalloid, or colloid vs. crystalloid
resuscitation in children with severe sepsis/septic shock. Although the number of patients is large, retrospective
analysis of administrative databases is limited by the absence of important information and is only useful for
generating a hypothesis and establishing the need and clinical equipoise for a prospective, randomized clinical trial.
There was a consistent observation in three published trials (one retrospective cohort and two RCTs) that there is an
adverse effect seen with large volumes of fluid given rapidly. The observations in the RCT by Sankar{Sankar 2017
e435} comparing 5-10 minute vs. 15-20 minute crystalloid bolus infusion adds evidence to the concern that
aggressive fluid resuscitation is harmful. The pilot project by Inwald et al{Inwald 2019 421} from England was too
small to yield significant effects, but there was a strong trend towards a need for more ventilation and vasoactive
drug support in children randomized to 20 mL/kg fluid boluses. The retrospective analysis of a cohort of children
treated in Bangladesh also observed increased adverse effects when fluid was given more rapidly and in a larger
volume, but this study may be illustrative of the adverse effects of rapid fluid administration in children with
significant malnutrition since weight-for-age z-score was <-3 in 60-65% of the children in the two groups.{Kortz 2017
e0181160} Their observation is supported by the trial (not reviewed) comparing moderate to large blood transfusions
in under 3 hours in an African population similar to the FEAST trial who had significant anemia (<6 g/dL) with clinical
symptoms (respiratory distress and/or altered mental status), most often complicating malaria and/or sickle cell
disease.{Maitland 2019 420} Febrile children randomized to 30 mL/kg of whole blood had a significantly higher risk of
mortality compared with those randomized to 20 mL/kg, whereas the converse was true in the afebrile children.
Of note, most of the studies were performed in limited-resource settings, making it difficult to generalize treatment
recommendations. In high resource settings, trials of balanced vs. unbalanced crystalloid bolus typically select for
children who had received at least one 20 mL/kg bolus of fluid. Thus, there may be a population of children with early
sepsis who respond to initial fluid resuscitation and do not require further aggressive therapy.
Further complicating the analysis of these studies and limiting the ability to combine results together is the lack of a
gold standard definition for septic shock. Various definitions are used; most often the international pediatric sepsis
consensus guidelines{Goldstein 2005 2}, but these guidelines were intended to help randomize children in a clinical
trial and were never designed as a tool to recognize shock. Furthermore, the vital sign thresholds in these guidelines
are not evidence-based. Thus, defining shock as having a blood pressure less than this threshold or the PALS
threshold is not evidence based. Moreover, blood pressure is not often available in limited resource settings and the
current widespread use of oscillometric blood pressure devices adds another layer of complexity to the analysis since
these devices are not accurate at lower blood pressures.{Alpert 2014 930; Holt 2011 e391}
Finally, it is important to recognize that the historical indication for the safe use of rapid, large volume resuscitation
was predicated on results obtained in children presenting with community-acquired bacterial infections from H.
influenza and pneumococcus that have largely disappeared with effective immunization programs. Thus, the
epidemiology and clinical characteristics of children with severe sepsis and septic shock today are likely substantially
different, especially when considering the delay in clinical presentation in many limited resource settings.
In summary, defining the role of fluid bolus therapy as part of the protocol for treating sepsis and septic shock must
take into account the local context. It is highly unlikely that a consistent approach is appropriate in all settings.
Clearly, the data from Africa, India, Bangladesh and other resource-limited settings suggest that children experience a
worsening of their clinical symptoms are difficult to treat without the resources available in high-resource settings,
such as non-invasive and invasive ventilation. Thus, a more cautious approach is appropriate, perhaps especially if the
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child is significantly malnourished.
It is important
to recognize that
of sepsis
mortality in limited resource

settings results from complications associated with or caused by malaria, HIV, tuberculosis, malnutrition, limited
access to care and late presentation. Even in high-resource settings, avoiding excessive fluid administration is
important to limit the risk of AKI, respiratory failure and possibly MOSD and mortality. Other factors to consider in
making treatment recommendations is the availability of resources, both personnel and equipment.
The ILCOR treatment recommendations state:
“We suggest using an initial fluid bolus of 20 mL kg−1 for infants and children with shock, with subsequent patient
reassessment, for patients with the following disease states:
• Severe sepsis (weak recommendation, low quality).
• Severe malaria (weak recommendation, low quality).
• Dengue shock syndrome (weak recommendation, low quality).
We suggest against the routine use of bolus intravenous fluids (crystalloids or colloids) for infants and children with a
“severe febrile illness” and who are not in shock (weak recommendation, low-quality evidence). Reassessment,
regardless of therapy administered, should be emphasized so that deterioration is detected at an early stage.”
I suggest that an initial fluid bolus of 20 mL/kg-1 is still appropriate in high-resource settings, but I think very rapid
(push pull in <15 min) administration may only be indicated when there is overt hypotension (or absence of pulses
with altered mental status in the absence of a blood pressure device).
Subsequent boluses based on “patient reassessment” leads to another dilemma: what are the best methods to
detect if too much fluid is being given? The presence of rales and detection of hepatomegaly require a certain level of
clinical skill and may be late findings. In adults, fluid responsiveness may be assessed by raising the legs, but this is
not likely to be helpful in young children. Even in the PICU, there is limited data regarding which signs are reliable
indicators of fluid responsiveness. Since it appears that much of the fluid bolus does not stay in the vascular
compartment and does not achieve a sustained increase in cardiac index{Long 2018 513} it may be appropriate to
focus more in using an approach similar to the accepted approach used in dengue patients—get the patient out of
overt shock and then give smaller and slower boluses based on careful clinical reassessment.
Thus, it may be appropriate to recommend that following the initial 20 10 mL/kg-1 bolus, subsequent boluses of 10
mL/kg-1 are suggested over 15-20 minutes with patient reassessment. This will reduce the rate of fluid administration
and may avoid transient, marked increases in hydrostatic venous and capillary pressure that will rapidly move fluid
from the intravascular to extravascular compartments. Hopefully, data from the SQUEEZE trial will provide more
objective data. Finally, we don’t know when vasoactive drug support is best added to support the circulation instead
of more fluid resuscitation; if needed, we don’t know which vasoactive agent should be used.
On a final note, in a letter in response to an editorial by Maitland about the lack of consideration of the FEAST trial
results in recommendations for fluid bolus therapy (FBT),{Dewiz 2019 1236} the authors reviewed pediatric sepsis
guidelines from the USA, WHO, etc. and identified 13 guidelines, summarized in the following table.
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Dewez JE, Nijman RG, Yeung S. Arch Dis Child 2019; 104:1236.
These findings illustrate the difficulty of determining guidelines when the largest trial does not conform with current practice, although that may
be changing. Most guidelines are based on low-level evidence.
The following table provides more detail on the sepsis guidelines from various organizations:
Title

Publishing institution

Country or
international
organization
and year of
publication
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Surviving Sepsis Campaign: International
Society of Critical care Medicine and European USA and
Guidelines for Management of Sepsis and
Society of Intensive Care Medicine
Europe, 2017
Septic Shock: 2016 (and special considerations
in paediatrics 2012)
Sepsis hos børn over 1 måned gammel

SFR Paediatrics, Capital Region and Zealand

Denmark, 2016

Sepsis: recognition, diagnosis and early
management

National Institute for Health and Care
Excellence

United
Kingdom, 2016

Leitlinie Sepsis bei Kindern jenseits der
Neonatalperiode

Arbeitsgemeinschaft der Wissenschaftlichen
Medizinischen Fachgesellschaften

Germany, 2015

Pediatric Advanced Life Support. 2015
American Heart Association-Pediatric
American Heart Association Guidelines Update Advanced Life Support
for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care

USA, 2015

Postępowanie z pacjentem z podejrzeniem
ciężkiego zakażenia w Szpitalnym Oddziale
Ratunkowym (SOR)

National Medicines Institute, Warsaw

Poland, 2014

Sepsis Management. National Clinical
Guideline No. 6

National Clinical Effectiveness Committee

Ireland, 2014

Pocket book of hospital care for children.
Guidelines for the management of common
childhood illnesses

World Health Organization

WHO, 2013

Sepsis med ukjent utgangspunkt

Norsk barnelegeforening

Norway, after
2013*

Meningites agudas bacterianas
Sociedade de Infecciologia Pediátrica e da
Recomendações da Sociedade de Infecciologia Sociedade de Cuidados Intensivos Pediátricos
Pediátrica e da Sociedade de Cuidados
Intensivos Pediátricos da SPP

Portugal, after
2012*

Paediatric Septic Shock; a Review and
Management Guideline

Mater Dei Hospital, tertiary referral hospital in Malta, 2010
Malta

Documento de consenso SECIP-SEUP sobre
manejo de sepsis grave y Shock séptico en
pediatría

Sociedad Espanola de Cuidados Intensivos
Pediatricos-Sociedad Espanola de Urgencias
Pediatricas

Haemodynamic management of severe sepsis: Société d'Anesthésie et de Réanimation/
recommendations of the French Intensive
Société de Réanimation de Langue Française
Care Societies (SFAR/SRLF)

Spain, after
2009*
France, 2006

Consensus Conference, 13 October 2005
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Appendix C-6
2020 Evidence Update Worksheet
Corticosteroids for Pediatric Septic Shock (PLS 413: EvUp)
Worksheet author(s): Van de Voorde
Council: ERC
Date Submitted:

PICO / Research Question: PLS 413 (ERC RR8.4)
Among infants andchildren who are in septic shock in any setting (P), does corticosteroid administration (I), compared with no
corticosteroids (C), change outcome (O)?
Outcomes:
Adjusted:
P: infants and children who are being treated for circulatory failure in any setting, during the first hours of treatmen
I: the (early) administration of corticosteroids
C: not or postponed administration
O: all
T: intervention
Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later) that
concern directly the population and intervention described above.
STEP1:Randomizedcontrolledtrials(RCTs)andnon-randomizedstudies(non-randomizedcontrolledtrials,interruptedtimeseries,controlled before-and-after studies, cohort studies) that concern directly the
population and intervention described above are eligible for inclusion. Case series are included if they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g.,
conference abstracts, trial protocols) are excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined abovebut considered informativeas additional evidence – taking
into account severe indirectness-forthe final evaluationofthewriting group’s conclusions regarding the implications for practice and research.

Timeframe: ForSTEP1, allyearsandalllanguagesareincluded,aslongasthereisanEnglishabstract. IfinStep0areview, guidelineor COSTR of high quality is withheld the further search only needs to be done
for the period beyond the identified primary source. Equally, for STEP2, incaseofahigh-qualityreview,guidelineorCOSTR,searchcanbelimitedtobeyonddatesand/orscopeofthat

Additional Evidence Reviewer(s): Johannesdottir
Conflicts of Interest (financial/intellectual, specific to this question):
Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: PLS 49

Consensus on Science
In 6 LOE 5 randomized controlled trials in adults with septic shock the addition of low-dose hydrocortisone decreased the time to shock reversal. Three LOE 5 randomized
controlled trials in adults with vasopressor-dependent septic shock showed that survival was improved when low-dose hydrocortisone was administered, while 1 small
adult LOE 5 randomized controlled trial showed a trend
toward increased survival.
One fair-quality, small LOE 1 study in children with septic shock found that low-dose hydrocortisone administration resulted in no survival benefit. One fair- quality LOE 1
study of administration of low-dosehydrocortisone to children with septic shock demonstrated earlier shockreversal. Data from 1 LOE 4 hospital dischargedatabase noted
the association between the use of steroids in children withsevere sepsis anddecreasedsurvival.
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In 1 LOE 5 study in adults with septic shock survival improved significantly with the use of low-dose hydrocortisone and fludrocortisone compared with placebo. Conversely 4
LOE 5 adult trials in septic shock showed no survival benefit with low-dose corticosteroid therapy. In 1 large LOE 5 randomized controlled trial of adults in septic shock
corticosteroid administrationwasassociated withanincreased risk of secondary infection.

Treatment Recommendations

Thereisinsufficient evidence to supportorrefute the routineuse of stress-dose orlow-dose hydrocortisone and/orother corticosteroids in infants and children with
septicshock.Stress-dosecorticosteroidsmaybeconsideredinchildrenwithsepticshockunresponsivetofluidsandrequiringvasoactivesupport

2010 Search Strategy:
Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):

454. SprungCL,AnnaneD,KehD,MorenoR,SingerM,FreivogelK,WeissYG,BenbenishtyJ,Kalenka A, ForstH,
LaterrePF,ReinhartK,Cuth-bertson BH, Payen D, Briegel J. Hydrocortisone
therapy for patients with septic shock. N Engl J Med. 2008;358:111–124.
457. Annane D, Sebille V, Charpentier C, Bollaert PE, Francois B, Korach JM, Capellier G, Cohen Y,
Azoulay E, Troche G, Chaumet-Riffaud P, Bellissant E. Effect of treatment with low doses of
hydrocortisone and fludrocortisone on mortality inpatients with septic shock. JAMA. 2002; 288:862– 871.
458. Bollaert PE, Charpentier C, Levy B, Debouverie M, Audibert G, Larcan
A.Reversaloflatesepticshockwithsupraphysiologicdoses ofhydro- cortisone.Crit CareMed.
1998;26:645– 650.
459. BriegelJ,ForstH,HallerM,SchellingG,KilgerE,KupratG,HemmerB,HummelT,LenhartA, HeyduckM,
Stoll C, Peter K. Stress doses of hydrocortisone reverse hyperdynamic septic shock: a prospective, randomized, double-blind, single-center study. Crit Care Med. 1999;27:
723–732.
460. Oppert M, Reinicke A, Graf KJ, Barckow D, Frei U, Eckardt KU.Plasma cortisol levels before and during “low-dose” hydrocortisonetherapyand their
relationship to hemodynamic improvement in patients with septic shock. Intensive Care Med. 2000;26:1747–1755.
461. OppertM,SchindlerR,HusungC,OffermannK,GrafKJ,BoenischO,Barckow D, Frei U, Eckardt
KU. Low-dose hydrocortisone improvesshockreversalandreducescytokinelevels in early
hyperdynamic septic shock. Crit Care Med. 2005;33:2457–2464.
462. Bollaert PE, Bauer P, Audibert G, Lambert H, Larcan A. Effects of epinephrine on hemodynamics
andoxygenmetabolismindopamine-re-sistantsepticshock.Chest.1990;98:949–953.
463. Russell JA, Walley KR, GordonAC, Cooper DJ, Hebert PC, Singer J, Holmes CL, Mehta S, Granton JT,
Storms MM, Cook DJ, Presneill JJ. Interaction of vasopressin infusion, corticosteroid
treatment, andmortalityofsepticshock.CritCareMed.2009;37:811–818.
464. Yildiz O, Doganay M, Aygen B, Guven M, Kelestimur F, Tutuu A.Physiological-dose steroid
therapy in sepsis [isrctn36253388]. Crit Care. 2002;6:251–259.
465. SlusherT,GbaderoD,HowardC,LewisonL,GiroirB,ToroL,LevinD,HoltE,McCrackenGH Jr.
Randomized, placebo-controlled, double blinded trial of dexamethasone inafrican children with sepsis.
Pediatr Infect Dis J. 1996;15:579 –583.
466. Valoor HT, Singhi S, Jayashree M. Low-dose hydrocortisone in pediatric septic shock:
an exploratory study in a third world setting. Pediatr Crit Care Med. 2009;10:121–125.
467. MarkovitzBP,GoodmanDM,WatsonRS,BertochD,ZimmermanJ.Aretrospectivecohortstudyof
prognostic factors associated with outcomein pediatric severe sepsis: what is the roleof
steroids? Pediatr Crit Care Med. 2005;6:270 –274.

2019 Search Strategy:
Database searched: Pubmed - Embase
Date Search Completed: 1 DEC 2019
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Used terms
•

Sepsis,septic*, meningococc*, 'distributiveshock',shock; NOT“shockwave”;predni*, hydrocort*, corticoid*,
glucocorticoid*; either as individual term (ti,ab,kw) orrelated MESHTerm; combined using Bolean operators

•

specific blocks defined for certain indicators:

•

o paediatric:todefinethe‘paediatricpopulation’weusedthepredefinedBMIblock(https://blocks.bmi-online.nl)
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o To exclude NOT "Letter"[Publication Type] OR"Editorial"[Publication Type] OR“Comment"[Publication Type])
ForEmbaseweprefilteredtoavoidMedlineduplicatesbyusing[embase]/limNOT([embase]/limAND[medline]/lim)
o Cardiacarrest:(resuscitation:ti,ab,kwOR'resuscitation'OR'resuscitation'/expORresuscitationOR'heart'OR 'heart'/exp
OR heart) AND (arrest:ti,ab,kw OR 'heart' OR'heart'/expOR heart) AND ('arrest' OR 'arrest'/expOR arrest)

Search Results (Number of articles identified / number identified as relevant): 209 / STEP 0: 1
guideline, 1 SR
STEP 1: 2 RCT, 5 non-RCT
STEP 2: 8
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Key Themes:
Theme 1: the use of corticosteroids in vasopressor-resistant septic shock
Theme 2: the identification of subpopulations that would profit from steroid treatment
Theme 3: the type and dosing of steroids in vasopressor-resistant septic shock

Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex:studiesabout anaphylaxis;animalstudies;letters,editorialsorcomments;unpublishedstudies(e.g., conference
abstracts, trial protocols), no English abstract; Newborn at Delivery

Link to Article Titles and Abstracts for 2019 search (if available on PubMed):
Summary of Evidence Update:
GUIDELINE OR SYST. REVIEW?
Topics addressed or PICO(S)T
(Organisation); Author; Year Published
1. Davis 2017 1061 (GL ACCCM US) Use of hydrocortisone during the first hour of
resuscitation of a paediatric patient in septic shock

#articles
identified
41 (before
2015)

Key findings: (evidence Level 1C). If achild is “at risk of absolute adrenal insufficiency or adrenal pituitary
axis failure” (e.g., purpura fulminans, congenital adrenal hyperplasia, prior steroid exposure,
hypothalamic/pituitary abnormality, intubation with etomidate induction) and remains in shock despite
epinephrine or norepinephrine infusion, then hydrocortisone can be administered ideally after attaining a
blood sample for subsequent determination of baseline cortisol concentration.
The quality of the guideline was evaluated by the AGREE2 tool. It was considered of medium quality due to
limited rigour (domain 3) and stakeholder involvement (domain 2).
2. Menon 2013 474 (SR)
Only RCT of use of steroids for septic shock in
8(before
children (n=447), including meta-analysis
01/2012)
Key findings: In meta-analysis no difference could be found between groups for what concerns mortality (RR
0.74 (0.475-1.165). It has tobe pointed out that each of the included studies has small sample sizes and 6
out of 8 studies concerned only Dengue. All studies had significant methodological issues and there was no
uniformity in dose, type nor timing of the steroid used.
Aim of study; Patient Population
RCT (acronym); Author; Year
Intervention (N patients) /
Published
Study type;
(inclusion criteria)
Comparator (N patients)
Study size (N)
Double-blind Fluid-refractory
Hydrocortisone vs placebo
1. Amoretti 2012 618
(only abstract available)
shock, children
RCT, single
centre; n=42
Endpoint Results primary endpoints No Difference in any pre-defined outcome (mortality LOS, LOVD…),
(Absolute Event Rates, P value; OR unrelated to the level of response to an ACTH test. No difference in
or RR; & 95% CI)
cortisol levels between groups. Overall mortality14%.
Relevant 2° Endpoint (if any);
Noconcretedatapresented as only abstract(never published as full
Study Limitations; Adverse Events paper)
2. El-Nawawy 2017 155
Blinded RCT;
Septic shock, 1M-4y
Hydrocortisone 50
single centre
old
mg/m2/d early (immediate)
PCIU, n=96
n=32 vs. late (fluid
refractory catecholamine
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Endpoint Results primary endpoints
(AbsoluteEventRates,Pvalue; OR
or RR; & 95% CI)

Early HC showed shorter shock reversal time (2.5 +- 0.9 vs 5.8 +- 1.8
days, p0.001) and lower mean PELOD day 3 (p 0.001) despite being
significantly higher on d1 (p0.009). No superinfections were detected.
There was no significant difference in survival between groups (14/32
vs 20/36).
Relevant 2° Endpoint (if any);
Early HCseem not toworsen patient outcome in this RCT but the
Study Limitations; Adverse Events smallsamplesizeandstudy designdonotallowstrongconclusions.
Non-RCT OR OBSERVATIONAL Study type/design; Study size (N) Patient Population
(acronym); Author; Year Published
(inclusion criteria)
1. Atkinson 2014 E112702
pediatric septic shock patients
Retrospective analysis of
multicenter database n=496
Results primary endpoints
252 received steroids in the first 7days. Steroid use was associated
(P value; OR or RR; & 95% CI)
with an increased risk of mortality OR 2.3 [1.3,4] and of a complicated
course (death within 28 days or persistence of two or more organ
failures at 7 days) OR 1.7 [1.1, 2.5].
There was no positive impact seen of steroids on these outcome
measures in any of the pre-defined mortality risk subgroups.
Summary/Conclusion - Comments
Despite the limited certainty of the evidence (due to the study design
and the risk for selection bias), the provided data suggest worse
outcome or at least no benefit, regardless of a priori illness severity or
mortality risk.
2. Menon 2015 402
Retrospective cohort; n=364
1M-17y old, with shock, 4
Canadian non-cardiac PICU
Results primary endpoints
22.3 %of 364 received hydrocortisone
(P value; OR or RR; & 95% CI)
Patients receiving hydrocortisone had
• higher PRISM (19(11-24) vs. 9 (5-16)) and Vasoactive drugs
VIS score (15 (10-25) vs 7.5 (3.3-10.6))
• > 60ml/kg fluid bolus (59.3 vs 33.6% OR 2.88 (2.09-3.96)
• After adjusting for illness severity: longer vasoactive drugs
time 64 vs 34 hours, RR 0.72 (0.62-0.84) and higher incidence
of positive cultures d4-28 OR 1.79 (1.58-2.06)
Summary/Conclusion - Comments
Very low certainty evidence, suggesting that children receiving
hydrocortisonewere more ill (butthatcouldbebecausephysicians
tended to see hydrocortisone as arescue treatment) and also showing
a higher incidence of positive cultures in the steroids group.
3. Nichols 2017 e406
Retrospective cohort; n=70
Single centre PICU
catecholamine-dependent
septic shock & randomserum
total cortisol (RsTC) measured
Results primary endpoints
Mortality 16%; 30 patients had a RsTC below 18mcg/dl. 42 received
stress dose hydrocortisone.
(P value; OR or RR; & 95% CI)
There is aclear correlation between stress dose and severity of illness
(higher PRISM 16 (10,25) vs 9 (6,15) median; mechanical ventilation
88vs54%).ForthosewithaRsTC<18mcg%stressdoseisassociated
with PICU length of stay: 11d (8,19) vs 2d (1, 10) P<0.002. For those
with a RsTC> 18 mcg% there is an association with ICU mortality
(32% vs 0%) p 0.01
Summary/Conclusion - Comments
Very low certainty evidence, suggesting that children receiving
hydrocortisone were more ill (but that could be because physicians
tended to see hydrocortisone as a rescue treatment) and, if anything,
at least suggesting no benefit regardless of RsTC level.
4. Wong 2016 e1000
Secondary Analysis of an existing paediatric septic shock, <11 y
cohort; n= 288
multicentre PICU, US
Results primary endpoints
Based on the analysis of 100 genes (reflecting adaptive immunity and
(P value; OR or RR; & 95% CI)
glucocorticoid receptor signalling) patients can be divided in endotype
Downloaded from www.aappublications.org/news by guest on November 18, 2020
A or B

In the Endotype B group with an intermediate to high risk of mortality
(PERSEVERE)steroidswere associatedwithamarkeddecreaseina
complicatedcourse(death at d28 or 2 or more organ failures at day
7) RR0.09 (0.01-0.54)
Summary/Conclusion - Comments
Previous research showed an impact of steroids (Wong 2014 940) on
gene pathway downregulation. In this study the authors identified a
potential differential effect of steroids depending on the gene profile
of the individual patient.
5. Wong 2018 e242
Observational cohort (see also
paediatric septic shock,<11 y,
Wong 2016 e1000 above); n= 375 multicentre PICU, US
Results primary endpoints
132 patients had initial endotype A, 243 initial endotype B. 42% of the
(P value; OR or RR; & 95% CI)
initial endotype A changed to B by day 3; equally 32% of initial
endotype Bchange to A. Endotype Ahad a higher risk of mortality
overall but importantly for our question: inpatients with persistent
endotype A corticosteroids administration had an OR for mortality of
15 (2.8-80.8) and of 2.9 (1-7.9) for complicated course (defined as
above).
Summary/Conclusion - Comments
Similar to above, the authors identified apotentialdifferential effect
ofsteroids depending on the gene profile of theindividual patient. In
this study the defined a group at risk of worse outcome from
corticosteroid use. The question for both studies is how this molecular
endotyping would be made available ad hoc when decision making is
needed.
STEP2 ‘Background’: In 2017 the ESICM and SCCM updated their guideline on the management of critical
illness-related corticoid insufficiency (CIRCI) (Annane 2017 2078). Although the guideline stated to include
children,the advicefortheuseofsteroidsinsepsis was limitedto adults.Theguidelinewas consideredof
high quality (Agree 2) and the process of decision making was based on Grade methodology. They suggested
the use of corticosteroids in adults with septic shock resistant to fluid and moderate to high dose
vasopressors. They suggested a low dose long course (400mg/day during 3 or more days) as steroid
regimen. This guideline was based on a previous Cochrane review (Annane 2015 CD002243) describing 33
RCT(n=4268) that showed a RR of 0.87 [0.76; 1] for 28d mortality in favour of steroids (low certainty
evidence downgraded for imprecision and inconsistency) in patients with sepsis and afurther network
analysis of 22 trials (Gibbison 2017 78) that could not identify superiority of one corticoid over another,
although hydrocortisone was more likely to reverse shock than methylprednisolone. The risk of
superinfection or GI bleeding was very low in either review.

Reviewer Comments (including whether meet criteria for formal review):
Theevidencefororagainsttheuseofcorticosteroidsinpaediatricsepticshockisofverylowcertainty(samplesize,selectionbias). Preliminary
research suggeststheremightbespecificsubpopulationsthatwouldratherbenefitorexperienceharmofsteroidadministration. However,these
subpopulationscancurrentlynotyetbeidentifiedatthebedside.Consideringtheabove,wecouldnotidentifysufficient argument to chance the
current guideline.

Downloaded from www.aappublications.org/news by guest on November 18, 2020

Reference list
1.
2.
3.
4.
5.

6.

7.
8.

9.
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PALS: RECOGNITION AND PREARREST TREATMENTS FOR SHOCK

Appendix C-7
2020 Evidence Update Worksheet
Timing of Intubation for Shock (PLS 399: EvUp)
Worksheet author(s): B Joyner
Council AHA
Date Submitted: 12/20/2019
PICO / Research Question: PLS 399 (2010 Peds -038B)
Among infants and children who are in any type of shock in any setting (P), does intubation and assisted ventilation
prior to the onset of respiratory failure (I), compared with intubation and assisted ventilation only with the onset of
respiratory failure (C), change outcome (O)?
Outcomes: cardiac arrest, survival
Type (intervention, diagnosis, prognosis): Intervention
Additional Evidence Reviewer(s): A Levy
Conflicts of Interest (financial/intellectual, specific to this question): None
Year of last full review: 2010 / 2015 / New question: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: None
2010/2015 Search Strategy:

PUBMED: (("Intubation, Intratracheal"[Mesh])) AND (("Shock"[Mesh]))
EMBASE: #1 ('intubation'/exp OR 'ventilation'/exp) AND 'shock'/exp AND [humans]/lim AND [embase]/lim AND [1970-2008]/py
AHA Endnote Master Library “(intubation as title and (shock as keyword)”
Cochrane database for systematic reviews “(intubation or mechanical ventilation) and (“shock”)
Web of Science. “Title=(intubation or ventilation) and Title=(shock)
LILACS “Title=(intubation or ventilation)
Google scholar: intubation or ventilation
manual search of selected articles references
Studies that address intubation or ventilation in patients or animals in shock were included
Were excluded: abstract only studies, articles published in different languages from English, Portuguese or Spanish

2019 Search Strategy:
Database searched: PubMed, Embase, Web of Science, also manual review of articles selected
Date Search Completed:12/20/2017
Search Results (Number of articles identified / number identified as relevant): 8 (7 old, 1 review, no original
studies)
Inclusion/Exclusion Criteria:
Link to Article Titles and Abstracts (if available on PubMed):

R Booy, P Habibi, S Nadel, C de Munter, J Britto, A Morrison,M Levin, and the Meningococcal Research Group (2001). Arch Dis Child 2001;85:386–390
Griffel, M. I., M. E. Astiz, et al. (1990). "Effect of mechanical ventilation on systemic oxygen extraction and lactic acidosis during early septic shock in rats."
Crit Care Med 18(1): 72-6.
Hussain, S. N., G. Simkus, et al. (1985). "Respiratory muscle fatigue: a cause of ventilatory failure in septic shock." J Appl Physiol 58(6): 2033-40.
Hussain, S. N. and C. Roussos (1985). "Distribution of respiratory muscle and organ blood flow during endotoxic shock in dogs." J Appl Physiol 59(6): 1802-8.
Ledingham, I. M. and C. S. McArdle (1978).
"Prospective
of the treatment of septic
shock."
Lancet 1(8075):
Downloaded
from study
www.aappublications.org/news
by guest
on November
18, 20201194-7.

Tang, W., J. L. Pakula, et al. (1996). "Adrenergic vasopressor agents and mechanical ventilation for the treatment of experimental septic shock." Crit Care
Med 24(1): 125-30.
Viires, N., G. Sillye, et al. (1983). "Regional blood flow distribution in dog during induced hypotension and low cardiac output. Spontaneous breathing versus
artificial ventilation." J Clin Invest 72(3): 935-47.
Davis, A. L., et al. (2017). "American College of Critical Care Medicine Clinical Practice Parameters for Hemodynamic Support of Pediatric and Neonatal
Septic Shock." Crit Care Med 45(6): 1061-1093. Review article, no new data.

Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and
scoping reviews.
Relevant Guidelines or Systematic Reviews
Organisation
(if relevant);
Author;
Year
Published
ACCM, Davis
AL, 2017

Guideline or
systematic
review

Topic
addressed or
PICO(S)T

Number of
articles
identified

Key findings

Treatment
recommendations

Guideline

Intubation of
the septic
patient

0

N/A

“As sepsis progresses,
patients may have
hypoxemia as well as
metabolic acidosis
secondary to a
combination of
parenchymal lung
disease and/or
inadequate respiratory
effort due to altered
mental status. The
decision to intubate and
ventilate is based on
clinical assessment of
increased work of
breathing,
hypoventilation, or
impaired mental status.
Waiting for
confirmatory laboratory
tests is discouraged.”
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RCT:
Study
Acronym;
Author;
Year Published

Viires N et al,
1983

Hussain SNA &
Roussos, 1985

Aim of Study;
Study Type;
Study Size (N)

Patient
Population

Study
Intervention
(# patients) /
Study
Comparator
(# patients)

Study Aim:
Estimation of
blood flow to
the working
respiratory
muscles during
a state of
induced low
cardiac output
and
hypotension
Study Type:
Prospective
randomized
control Animal
Study

Inclusion
Criteria:
12 healthy adult
dogs

Intervention:
6/cardiac
tamponade,
paralyzed,
intubated,
mechanically
ventilated
Comparison:
6, cardiac
tamponade,
spontaneously
breathing

Endpoint Results
(Absolute Event
Rates, P value; OR
or RR; & 95% CI)

1° endpoint:
Measurement of
blood flow to
respiratory
muscles;
diaphragmatic
blood flow
increased 361% of
control values (p <
0.001) in
spontaneously
breathing dogs
while it decreased
in mechanically
ventilated dogsalthough BP and
CO were
comparable in the
2 groups. The
respiratory
muscles received
21% of the CO in
spontaneously
breathing dogs (vs
3% in paralyzed,
mechanically
ventilated dogs)
Study Aim:
Inclusion
Intervention:
1° endpoint:
Criteria:
Estimation of
5/endotoxic
Measurement of
11 healthy adult shock via E coli blood flow to
blood flow to
dogs
the working
endotoxin,
respiratory
respiratory
paralyzed,
muscles and
muscles during
intubated,
organs;
endotoxic
mechanically
diaphragmatic
shock Study
ventilated
blood flow
Type:
Comparison:
increased from 51
Prospective
6/endotoxic
+ 4 ml/min to 101
Animal Study
shock via E. coli + 22 ml/min at 60
Downloaded from www.aappublications.org/news
by guest on November
18, shock
2020
min of
in
endotoxin,

Relevant 2°
Endpoint (if
any);
Study
Limitations;
Adverse
Events
Study
Limitations:
Animal
study,
tamponade
(obstructive
) model,
does not
account for
changes in
SVR, looked
a
distribution
of blood
flow during
mechanical
ventilation
vs
spontaneou
sly
breathing
but does
not inform
on timing of
intubation
Study
Limitations:
Animal
study, only
looked a
distribution
of blood
flow during
mechanical
ventilation
vs
spontaneou

spontaneously
breathing

Griffel MI, et
al, 1990

Study Aim:
Inclusion
Effect of
Criteria:
mechanical
10 healthy rats
ventilation on
systemic
oxygen
extraction and
lactic acidosis in
peritonitis and
shock in rats
Study Type:
Prospective
randomized
control study

Intervention:
5/endotoxic
shock via cecal
ligation and
perforation ,
paralyzed,
intubated,
mechanically
ventilated
Comparison:
5/endotoxic
shock cecal
ligation and
perforation,
spontaneously
breathing

Study Aim:

Intervention:

Inclusion

spontaneously
breathing dogs
while it decreased
in mechanically
ventilated dogs
from 43 + 12
ml/min to 25 + 3
ml/min at 60 mins
of shock although
BP and CO were
comparable in the
2 groups. The
respiratory
muscles received
8.8% of the CO in
spontaneously
breathing dogs (vs
1.9% in paralyzed,
mechanically
ventilated dogs)
1° endpoint:
Measurement CO
and blood flow to
respiratory
muscles and
organs; non
significant
differences in CO,
central Venous
oxygen saturation,
systemic oxygen
extraction, arterial
lactate, or time to
development of
lethal
hypotension;
Conclusion:
Mechanical
ventilation does
not decrease
systemic oxygen
extraction or
ameliorate the
development of
lactic acidosis
1° endpoint:
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Criteria:
2 phases:

sly
breathing
but does
not inform
on timing of
intubation

Study
Limitations:
Animal
study,

Study
Limitations:

Tang W, et al,
1996

Effect of
vasopressor
agents and
mechanical
ventilation on
survival
Study Type:
Prospective
randomized
control Animal
Study

30 healthy rats

Nonrandomized Trials, Observational Studies
Study
Study
Patient
Acronym;
Type/Design;
Population
Author;
Study Size (N)
Year Published
Ledingham and
McArdle 1978

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

1° endpoint:
Early (0-3 days),
intermediate (4-14 days)
and late (15-90 days)
Downloaded from www.aappublications.org/news by guest on November 18, 2020
survival. Significant early

Prospective
observational
113 adult
patients

Adult patients
with septic
shock admitted
to an intensive

Phase 1:
15/endotoxic
shock cecal
ligation and
perforation,
spontaneously
breathing;
divided into 3
groups to
receive varying
combinations
of vasopressor
agents (norepi
or dopamine)
or placebo
Phase 2:
15/endotoxic
shock via cecal
ligation and
perforation ,
paralyzed,
intubated,
mechanically
ventilated;
divided into 3
groups to
receive varying
combinations
of vasopressor
agents (norepi
or dopamine)
or placebo

Measurement of
Animal
study,
mean arterial
pressure and
survival.
Mechanical
ventilation
prolonged survival
significantly in all
3 vasopressor(or
placebo) groups (p
< 0.01)
Conclusion:
Mechanical
ventilation
prolongs survival
independent of
vasopressor used

Summary/Conclusion
Comment(s)

Reduction in early,
intermediate and late
mortality over the
three year study
period. Attributed to a

care unit over a
3 year period

Hussain SNA,
Simkus G &
Roussos C.
1985

Prospective
interventional
animal study to
demonstrate
that respiratory
muscle fatigue
occurs in an
animal model
of septic shock
and is
responsible of
the alveolar
hypoventilation
and
hypercapnia.

10 healthy adult
dogs

mortality reduction
between years 1 & 2 (p <
0.005) and years 1 & 3 (p
< 0.0005). Significant
intermediate mortality
difference between years
1 & 3 (p< 0.0005).
Significant late mortality
difference between years
1 and 3 (p < 0.005)

Intervention:
10/injection of
E. coli
endotoxin with
measurement
of airway
pressures,
volumes and
diaphragmatic
effort after
injection of
endotoxin

“combination of
factors.” Authors state
that, “acute awareness
of septic shock led
to…emphasis on fluid
and oxygen
administration…a
number of maneuvers
not previously
regarded as routine
were introduced. IPPV
was used….often in
conjunction with the
judicious use of PEEP.”
1° endpoint:
Study
Changes in
Limitations:
respiratory
Given
mechanics and
changes,
volumes: Mean
conclusion
inspiratory flow
was that
rates and Pdi
ventilatory
increased from
failure was
control initially
due to
and then
respiratory
decreased; no
muscle
changes in
fatigue.
respiratory
Limitation:
mechanics; none
animal model
of the dogs were
hypoxic; arterial
pCO2 decreased
from control value
dof 42.9 + 1.7 Torr
to a mean value of
29.9 + 2.8 Torr
and tehn
increased to 51 +
4.3 Torr before
death

Reviewer Comments (including whether meet criteria for formal review):
There are no new studies for review since 2010. ACCM guidelines for treatment of septic shock (Davis, Carcillo et al.
2017) reiterates the importance of early intubation but does not specify timing other than “early.” (Agree with
reviewer comments from 2010).
www.aappublications.org/news
by guest
November
18, 2020
Recommendations at that timeDownloaded
appear from
to be
based on above data
andonexpert
consensus.
From 2010,

“some experts (Pollard, Nadel et al. 2007), in an article discussing their personal management of meningococcal
disease, proposed to change the time at which elective tracheal intubation is recommended, suggesting that
intubation be performed if shock persists after 40–60 ml/kg of volume resuscitation instead of the 40 ml/kg
previously recommended. Gray (Gray, Gour et al. 2007) argued that although early intubation in fluid refractory
septic shock is desirable, the trigger for tracheal intubation should not be based solely on the volume of resuscitation
fluid administered; the trigger should be based on clinical need. Russell (Ross Russell, Morley et al. 2008) pointed out
that is important that the cardiovascular benefits of intubation are considered as well as the respiratory benefits, and
anecdotally commented that waiting until the patient is moribund is too late.”

Reference list

R Booy, P Habibi, S Nadel, C de Munter, J Britto, A Morrison,M Levin, and the Meningococcal Research Group (2001). Arch Dis Child 2001;85:386–390
Griffel, M. I., M. E. Astiz, et al. (1990). "Effect of mechanical ventilation on systemic oxygen extraction and lactic acidosis during early septic shock in rats."
Crit Care Med 18(1): 72-6.
Hussain, S. N., G. Simkus, et al. (1985). "Respiratory muscle fatigue: a cause of ventilatory failure in septic shock." J Appl Physiol 58(6): 2033-40.
Hussain, S. N. and C. Roussos (1985). "Distribution of respiratory muscle and organ blood flow during endotoxic shock in dogs." J Appl Physiol 59(6): 1802-8.
Ledingham, I. M. and C. S. McArdle (1978). "Prospective study of the treatment of septic shock." Lancet 1(8075): 1194-7.
Tang, W., J. L. Pakula, et al. (1996). "Adrenergic vasopressor agents and mechanical ventilation for the treatment of experimental septic shock." Crit Care
Med 24(1): 125-30.
Viires, N., G. Sillye, et al. (1983). "Regional blood flow distribution in dog during induced hypotension and low cardiac output. Spontaneous breathing versus
artificial ventilation." J Clin Invest 72(3): 935-47.
Davis, A. L., et al. (2017). "American College of Critical Care Medicine Clinical Practice Parameters for Hemodynamic Support of Pediatric and Neonatal
Septic Shock." Crit Care Med 45(6): 1061-1093. Review article, no new data.
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Appendix C-8
2020 Evidence Update Worksheet
Pre-Arrest care of the infant or child with dilated cardiomyopathy or myocarditis (PLS 819:
EvUp)

Worksheet author(s): Javier J. Lasa
ILCOR TF Lead:
Date Submitted for Review:

PICO / Research Question: (2015) For infants and children with myocarditis or dilated cardiomyopathy and
impending cardiac arrest (P), does a specific approach (I), compared with the usual management of shock or cardiac
arrest (C), change survival with favorable neurological/functional outcome at discharge, 30 days, 60 days, 180 days
AND/OR 1 year, survival to hospital discharge, cardiac arrest frequency, ROSC (O)?
Outcomes: favorable neurological/functional outcome at discharge, 30 days, 60 days, 180 days AND/OR 1 year,
survival to hospital discharge, cardiac arrest frequency, ROSC
Type (intervention, diagnosis, prognosis): intervention
Writing Group: Peds
Question Owner:
Evidence Reviewer(s): Tia Raymond, Javier J. Lasa
Conflicts of Interest: None
2015 Search Strategy: ("Cardiomyopathy, Dilated"[Mesh] OR “dilated cardiomyopathy”[TIAB] OR
"Myocarditis"[Mesh] OR Myocarditis[TIAB] OR "Shock"[Mesh:NoExp] OR "Shock, Cardiogenic"[Mesh] OR “circulatory
failure”[TIAB] OR "Heart Failure"[Mesh] OR “heart failure”[TIAB]) AND (“Pre-arrest”[TIAB] OR “'Pre arrest”[TIAB] OR
prearrest[TIAB] OR "Heart Arrest"[Mesh] OR “heart arrest”[TIAB] OR "heart arrests"[TIAB] OR “heart arrests”[TIAB]
OR "cardiac arrest"[TIAB] OR "cardiac arrests"[TIAB] OR "cardiovascular arrest"[TIAB] OR "cardiovascular
arrests"[TIAB] OR "cardiopulmonary arrest"[TIAB] OR "cardiopulmonary arrests"[TIAB]) AND ("Emergency
Treatment"[Mesh] OR "Emergency Medicine"[Mesh] OR "Intubation, Intratracheal"[Mesh] OR Intubat*[TIAB] OR
medication*[TI] OR drug*[TIAB] OR “Pharmaceutical management”[TIAB] OR "Atropine"[Mesh] OR Atropine[TIAB]
OR "Ketamine"[Mesh] OR Ketamine[TIAB] OR Vasopressor*[TIAB] OR Vasoconstrictor*[TIAB] OR "Cardiovascular
Agents"[Mesh] OR "Cardiotonic Agents"[Mesh] OR anti-arrhythmi*[TIAB] OR "Bicarbonates"[Mesh] OR
bicarbonate*[TIAB] OR bolus[TIAB] OR "Hyperventilation"[Mesh:NoExp] OR Hyperventilation[TIAB] OR
"Hypoventilation"[Mesh:NoExp] OR hypoventilation[TIAB] OR "Nitric Oxide"[Mesh] OR “nitric oxide”[TIAB] OR
"Extracorporeal Membrane Oxygenation"[Mesh] OR “extracorporeal life support”[TIAB] OR "Heart-Assist
Devices"[Mesh]) AND (infant*[TIAB] OR “Infant"[Mesh] OR "Child"[Mesh] OR "Pediatrics"[Mesh] OR "child*"[TIAB]
OR "paediatric*"[TIAB] OR "pediatric"[TIAB]) NOT ("letter"[Publication Type] OR "comment"[Publication Type] OR
"editorial"[Publication Type] or Case Reports[Publication Type])
2019 Search Strategy:
Pubmed (searched 9/21/2019)
("Cardiomyopathy, Dilated"[Mesh] OR "dilated cardiomyopathy"[TIAB] OR "Myocarditis"[Mesh] OR
“Myocarditis”[TIAB] OR "Shock"[Mesh:noexp] OR "Shock, Cardiogenic"[Mesh] OR "circulatory failure"[TIAB] OR
"Heart Failure"[Mesh] OR "heart failure"[TIAB] OR “Acute Decompensated Heart Failure”[Mesh] OR “acute
decompensated heart failure”[TIAB]) AND ("Pre-arrest"[TIAB] OR "'Pre arrest"[TIAB] OR “prearrest”[TIAB] OR "Heart
Arrest"[Mesh] OR "heart arrest"[TIAB] OR "heart arrests"[TIAB] OR "heart arrests"[TIAB] OR "cardiac arrest"[TIAB] OR
"cardiac arrests"[TIAB] OR "cardiovascular
arrest"[TIAB] OR "cardiovascular arrests"[TIAB] OR "cardiopulmonary
Downloaded from www.aappublications.org/news by guest on November 18, 2020
arrest"[TIAB] OR "cardiopulmonary arrests"[TIAB]) AND ("Emergency Treatment"[Mesh] OR "Emergency

Medicine"[Mesh] OR "Intubation, Intratracheal"[Mesh] OR Intubat*[TIAB] OR medication*[TI] OR drug*[TIAB] OR
"Pharmaceutical management"[TIAB] OR "Atropine"[Mesh] OR Atropine[TIAB] OR "Ketamine"[Mesh] OR
Ketamine[TIAB] OR Vasopressor*[TIAB] OR Vasoconstrictor*[TIAB] OR "Cardiovascular Agents"[Mesh] OR
"Cardiotonic Agents"[Mesh] OR anti-arrhythmic*[TIAB] OR "Bicarbonates"[Mesh] OR bicarbonate*[TIAB] OR
bolus[TIAB] OR "Hyperventilation"[Mesh:noexp] OR Hyperventilation[TIAB] OR "Hypoventilation"[Mesh:noexp] OR
hypoventilation[TIAB] OR "Nitric Oxide"[Mesh] OR "nitric oxide"[TIAB] OR “Chest Compression”[Mesh] OR “chest
compression”[TIAB] OR “chest compressions”[Mesh] OR “chest compressions”[TIAB] OR “Cardiopulmonary
resuscitation"[Mesh] or “cardiopulmonary resuscitation”[TIAB] OR "Extracorporeal Membrane Oxygenation"[Mesh]
OR "extracorporeal life support"[TIAB] OR "Heart-Assist Devices"[Mesh]) AND (infant*[TIAB] OR "Infant"[Mesh] OR
"Child"[Mesh] OR "Pediatrics"[Mesh] OR "child*"[TIAB] OR "paediatric*"[TIAB] OR pediatric))) AND ("observational
study"[Publication Type] OR "randomized control trial"[Publication Type])) AND ("2013/01/01"[Date - Publication] :
"2019/09/21"[Date - Publication])
Total Articles: 6
Search Database: Pubmed
Date Search Completed: September 21, 2019
Search Results/# of Articles: (6 – 6 = 0) + (6 – 1 = 5) = 5 total in table below
Inclusion/Exclusion Criteria: Observational and RCT from 1/1/2013-9/21/2019
Link to Article Titles and Abstracts: https://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=19
Inclusion/Exclusion Criteria: Observational and RCT only from 1/1/2013-9/21/2019. Search results produced six (6)
studies and, of these 6 studies (included in citation below), four (4) were not directly related to myocarditis or dilated
cardiomyopathy (Ellouze et al.; Alten et al.; Brembilla-Perrot et al.; Kim et al.) 1 did not include subgroup analyses of
myocarditis or dilated cardiomyopathy patients (author et al.), 1 was focused on adults (Limongelli et al.) and thus
were not included in the “Summary of Evidence Update Review” table below. Given clinical expertise and prior
literature review, we’ve added six (6) additional citations that are relevant and specific to the myocarditis population.
Of these 6, one (1) citation was not included in the Summary of Evidence Update table below due to low sample size
(N=7 myocarditis; Philip et al.). These additional citations are inclusive of myocarditis patients both requiring
mechanical circulatory support (ECMO) and those not requiring ECMO. Of note, only 1 of the 6 additional citations
were included in the 2018 AHA Scientific Statement “Cardiopulmonary Resuscitation in Infants and Children With
Cardiac Disease” (Miyake et al.).
Search Result Citations:
Extubation of patients undergoing extracorporeal life support. A retrospective study. Ellouze O, Lamirel J, Perrot J,
Missaoui A, Daily T, Aho S, Petrosyan A, Guinot PG, Bouchot O, Bouhemad B. Perfusion. 2019 Jan;34(1):50-57.
Epidemiology and Outcomes of Cardiac Arrest in Pediatric Cardiac ICUs. Alten JA, Klugman D, Raymond TT, Cooper
DS, Donohue JE, Zhang W, Pasquali SK, Gaies MG. Pediatr Crit Care Med. 2017 Oct;18(10):935-943.
Clinical and genetic characterization of patients with hypertrophic cardiomyopathy and right atrial enlargement.
Limongelli G, Masarone D, Frisso G, Iacomino M, Ferrara I, Rea A, Gravino R, Bossone E, Salvatore F, Calabro R, Elliott
P, Pacileo G. J Cardiovasc Med (Hagerstown). 2017 Apr;18(4):249-254.
AV nodal reentrant tachycardia or AV reentrant tachycardia using a concealed bypass tract-related adverse events.
Brembilla-Perrot B, Bénichou M, Brembilla A, Bozec E, Dorlet S, Sellal JM, Olivier A, Manenti V, Villemin T, Beurrier D,
Moulin-Zinsch A, De Chillou C, Downloaded
Girerd N.from
Intwww.aappublications.org/news
J Cardiol. 2015 Nov 15;199:84-9.
by guest on November 18, 2020

Extracorporeal membrane oxygenation in near-drowning patients with cardiac or pulmonary failure. Kim KI, Lee WY,
Kim HS, Jeong JH, Ko HH. Scand J Trauma Resusc Emerg Med. 2014 Dec 12;22:77.
Clinical outcomes in fulminant myocarditis requiring extracorporeal membrane oxygenation: a weighted metaanalysis of 170 patients. Cheng R, Hachamovitch R, Kittleson M, Patel J, Arabia F, Moriguchi J, Esmailian F, Azarbal B. J
Card Fail. 2014 Jun;20(6):400-6
Additional Citations: https://www.ncbi.nlm.nih.gov/sites/myncbi/javier.lasa.1/collections/59101816/public/
Schubert S, Opgen Rhein B, Boehne M, et al. Severe heart failure and the need for mechanical circulatory support
and heart transplantation in pediatric patients with myocarditis: Results from the prospective multicenter registry
"MYKKE". Pediatric Transplantation. July 2019:e13548. doi:10.1111/petr.13548.
https://www.ncbi.nlm.nih.gov/pubmed/31297930
Wu H-P, Lin M-J, Yang W-C, Wu K-H, Chen C-Y. Predictors of Extracorporeal Membrane Oxygenation Support for
Children with Acute Myocarditis. Biomed Res Int. 2017;2017:2510695. doi:10.1155/2017/2510695.
https://www.ncbi.nlm.nih.gov/pubmed/28584814
Casadonte JR, Mazwi ML, Gambetta KE, et al. Risk Factors for Cardiac Arrest or Mechanical Circulatory Support in
Children with Fulminant Myocarditis. Pediatric Cardiology. 2017;38(1):128-134. doi:10.1007/s00246-016-1493-5.
https://www.ncbi.nlm.nih.gov/pubmed/27826709
Conrad SJ, Bridges BC, Kalra Y, Pietsch JB, Smith AH. Extracorporeal Cardiopulmonary Resuscitation Among Patients
with Structurally Normal Hearts. ASAIO J. 2017;63(6):781-786. doi:10.1097/MAT.0000000000000568.
https://www.ncbi.nlm.nih.gov/pubmed/29084037
Philip J, Burgman C, Bavare A, et al. Nature of the underlying heart disease affects survival in pediatric patients
undergoing extracorporeal cardiopulmonary resuscitation. The Journal of Thoracic and Cardiovascular Surgery.
2014;148(5):2367-2372. https://www.ncbi.nlm.nih.gov/pubmed/24787696
Miyake CY, Teele SA, Chen L, Motonaga KS, Dubin AM, Balasubramanian S, Balise RR, Rosenthal DN, Alexander ME,
Walsh EP, Mah DY. In-hospital arrhythmia development and outcomes in pediatric patients with acute myocarditis.
Am J Cardiol. 2014;113:535–540. doi: 10.1016/j.amjcard.2013.10.021.
https://www.ncbi.nlm.nih.gov/pubmed/24332245
Summary of Evidence Update Review:
Review Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOTs which are not being reviewed by ILCOR.
RCT:
Study
Aim of Study;
Patient
Study
Endpoint Results
Relevant
Acronym;
Study Type;
Population Intervention
(Absolute Event
2° Endpoint
Author;
Study Size (N)
(# patients) /
Rates, P value; OR (if any);
Year
Study
or RR; & 95% CI)
Study
Published
Comparator
Limitations
(# patients)
; Adverse
Events
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Nonrandomized Trials, Observational Studies
Study
Study
-Patient
Acronym;
Type/Design;
Population
Author;
Study Size (N)
-Inclusion
-Exclusion
Year Published

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

Summary/Conclusio
n Comment(s)

Severe HF and
ECMO/OHT for
myocarditis
{Schubert 2019
e13548}

-Retrospective
cohort analysis
from prospective
multicenter registry
"MYKKE". (17
centers in
Germany)
--N=195

2013-2016
-Inclusion:
suspected
myocarditis,
hospital
admission,
age <18 years,
-Either EMB
(biopsy)
proven or
biopsy
negative
assignments
-“Fulminant”
defined as
need for MCS
or OHT

-Primarily descriptive with some
comparative analysis between
groups based on age, LV EF, and
need for MCS.
-34.4% (67/195) needed any
vasoactive
-28 needed MCS (14.3%;
28/195)
-N=15/28 cardiac arrest at
some point before MCS (7 of
which were ECPR although
poorly described in manuscript)
-N=14/28 MCS patients had
ECMO, remainder VAD
-Overall mortality 4.6%
-Survival was 95.4% after 6
months for patients with
proven myocarditis on EMB (CI
0.90‐1.00) and 85.4% in
myocarditis‐ negative patients
(CI 0.71‐1.00; P = 0.161; n =
113).

-Half of cardiac arrest
cases went onto ECPR,
survival of these not
described although 13/28
(46%) of MCS group
survived without death or
OHT
-Age < 2 and LVEF <30%
highly predictive of
mortality, need for MCS,
OHT

Predictors ECMO
for Children with
Acute Myocarditis
{Wu 2019
2510695}

-Retrospective
cohort
-Single center
- ED admissions
- N=60

2011-2016
Inclusion:
ICD9/10
discharge
code
myocarditis
Exclusion:
>18y, did not
present at the
ED before
admission,
were not
diagnosed
with acute
myocarditis by
a pediatric
cardiologist

Primarily descriptive:
-10 ECMO (6 for arrhythmia/4
for cardiogenic shock)
- 6 total deaths (4 ECMO, 2 nonECMO)
- No mention of ECPR or cardiac
arrests

Final model revealed:
Female sex, CK-MB, and
LV EF < 60% strongly
suggestive of need for
ECMO, with EF cutoff
57.5% strongest predictor
of needing ECMO. Also
mention cutoff value of
the initial serum Trop-I
level in predicting ECMO
support was 14.21 ng/mL
*Early recognition of risk
factors may accelerate
aggressive therapies
(intubation, vasoactives,
arrhythmia mitigation,
+/-MCS)
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Risk factors for
IHCA or ECMO
children
w/Fulminant
Myocarditis
{Cadadonte 2017
128}

ECPR among
Structurally
Normal Hearts
{Conrad 2017
781}

-Retrospective
cohort
-Single center
- N=28

2004-2015
Inclusion:
clinical,
biopsy, OR
cardiac MRI
confirmed
diagnoses�d
e pressed
ventricular fxn
(echo) treated
w/ inotropic
gtts,
mechanical
ventilation,
development
of
cardiovascular
shock, and/or
cardiac arrest.
Exclusion:
prior history
of CHD or
cardiac
surgery; LVED
dimension
(LVEDD) Zscore >5
(suggestive of
dilated
cardiomyopat
hy); or known
risk factors for
the
development
of CM (e.g.,
history of
oncologic
disease,
rheumatologic
disease, or
other systemic
illness; family
history of
cardiomyopat
hy

-Retrospective
cohort analysis of
registry data (ELSO)
-N=1431 (of which
113 were
myocarditis of adult
and pediatric
populations)

Primarily descriptive:
-total 123 with “myocarditis” of
which 28 diagnosed as
“fulminant”
-11/28 experienced cardiac
arrest of which 6 were ECPR
- 2 additional ECMO for
cardiogenic shock/refractory
arrhythmias
-10/13 (76%) of cardiac
arrest/MCS combined group
survived to hospital discharge, 3
of which underwent OHT
- 3 total deaths, all from cardiac
arrest/MCS

-In FM patients�nearly
50% received CPR and
nearly 1/3 received MCS
-Low voltage on initial
electrocardiogram, low
ejection fraction on initial
echocardiogram, or
elevated troponin levels
were not found to be
predictive
-Early mortality was
higher in those patients
who received either CPR
or MCS, though
intermediate-term
survival and transplantfree survival following
hospital discharge were
similar between groups.
*Interesting discussion
point regarding changes
to institutional practice
regarding automatic
admission to CICU if any
vent. dysfunction with
triggered calls to
surgeon, ECPR
preparation and consent
of family

-1998-2011
Primary endpoint: survival to
Outcomes for ECPR
-Inclusion:
hospital discharge
patients cannulated with
Results: myocarditis as prediagnosis for myocarditis
ICD-9
diagnoses of
are superior to other
cannulation factor associated
myocarditis
with survival (OR 0.154 [0.049– arrest/illness categories
myocarditis
leading to ECPR (in
0.484]; p=0.001)
patients without
(ICD-9 422.xx)
were included
congenital heart disease)
in ECPR
analysis
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Arrhythmia and
outcomes in
pediatric acute
myocarditis
{Miyake 2014
535}

-Retrospective 2center
(Boston/Stanford)
review of patients
≤ 21 years
hospitalized
w/acute
myocarditis N=85

-1996 – 2012
-Fulminant
myocarditis =
need for IV
inotrope w/in
24 hours of
admit
-Arrhythmias
� acute vs.
subacute
-Acute =
present
before or
during initial
evaluation
-Subacute =
after initial
evaluation
-LVEF normal
= ≥55%
-LVEF
Mild
dysfxn =
≥45% and
<55%
-LVEF mod
dysfxn =
≥30% and
<45%
-LVEF severe
dysfxn <30%
- Dallas
criteria used
for
endomyocardi
al biopsy
determination
of myocarditis
“clinical worse
outcome” =
need for:
MCS, OHT or
death.

Primary Endpoint: clinically
significant arrhythmia
Results:
-CPR in 15 patients at
presentation + 4 patients
needed CPR for arrhythmias
during their hospitalizations at
a median time of 5 days from
admission (0 to 8 days); in 3
patients, CPR was for subacute
arrhythmias (1 VF, 1 VT, and 1
VT and VF) and in 1 patient a
recurrence of acute VT
-N=23 (27%) with MCS but NO
subgroup analysis
-50% (41/85) with fulminant
myocarditis
-N=8/85 deaths (all fulminant)
-N=5 OHT (4/5 fulminant)

-Arrhythmia group
associated with “worse
outcome”, fulminant
course, ST changes, and
elevated initial lactate
and creatinine levels
-Development of
arrhythmias during the
patient’s hospital course
was interesting, 4
patients needed CPR for
“subacute” arrhythmia
-“The ability to predict
potential arrhythmia
development may be
beneficial and may
warrant managing
patients with ST changes
more cautiously.”
*No discussion of MCS or
cardiac arrest subgroups.

● 2018 Scientific Statement on “Cardiopulmonary Resuscitation in Infants and Children With Cardiac Disease”
o Recommendations: Cardiomyopathy and Myocarditis
▪ Given the high risk of cardiac arrest in children with acute myocarditis who demonstrate highrisk ECG changes (arrhythmias, heart block, ST-segment changes) and/or low cardiac output,
early consideration of transfer for ICU monitoring and therapy is recommended (Class I; Level
of Evidence C).
▪ For children with cardiomyopathy or myocarditis and refractory low cardiac output, prearrest
use of ECLS can be beneficial to provide end-organ support and prevent cardiac arrest (Class
Downloaded from www.aappublications.org/news by guest on November 18, 2020
IIa; Level of Evidence B).

▪

Given the challenges to successful resuscitation of children with cardiomyopathy and
myocarditis, once cardiac arrest occurs, early consideration of ECLS can be beneficial (Class IIa;
Level of Evidence B).
o References
▪ 267. Miyake CY, Teele SA, Chen L, Motonaga KS, Dubin AM, Balasubramanian S, Balise RR,
Rosenthal DN, Alexander ME, Walsh EP, Mah DY. In-hospital arrhythmia development and
outcomes in pediatric patients with acute myocarditis. Am J Cardiol. 2014;113:535–540. doi:
10.1016/j.amjcard.2013.10.021.
▪ 268. Wilmot I, Morales DL, Price JF, Rossano JW, Kim JJ, Decker JA, McGarry MC, Denfield SW,
Dreyer WJ, Towbin JA, Jefferies JL. Effectiveness of mechanical circulatory support in children
with acute fulminant and persistent myocarditis. J Card Fail. 2011;17:487–494. doi:
10.1016/j.cardfail.2011.02.008.
▪ 269. Teele SA, Allan CK, Laussen PC, Newburger JW, Gauvreau K, Thiagarajan RR. Management
and outcomes in pediatric patients presenting with acute fulminant myocarditis. J Pediatr.
2011;158:638–643.e1. doi: 10.1016/j.jpeds.2010.10.015.
▪ 270. Rajagopal SK, Almond CS, Laussen PC, Rycus PT, Wypij D, Thiagarajan RR. Extracorporeal
membrane oxygenation for the support of infants, children, and young adults with acute
myocarditis: a review of the Extracorporeal Life Support Organization registry. Crit Care Med.
2010;38:382–387. doi: 10.1097/CCM.0b013e3181bc8293.
Reviewer Comments:
● No new data to change current recommendations from 2018 Scientific Statement on “Cardiopulmonary
Resuscitation in Infants and Children With Cardiac Disease”
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Appendix C-9
2020 Evidence Update Worksheet
Cardiogenic shock and inotropes (PLS 418: EvUp)
Worksheet author(s): Van de Voorde

Council: ERC
Date Submitted:

PICO / Research Question: PLS 418 (ERC RR8.3B)
PLS 418
Amonginfantsandchildrenwhoareincardiogenicshockinanysetting(P),doesinotropic agentuse(I),comparedwith no
inotropic agent use (C), change outcome (O)?
Adjusted:
P: infants and children who are being treated for cardiogenic shock in any setting, during the first hours of treatment
I: the early addition of certain vasoactive drugs
C: postponed administration and/or a specific drug vs another
O: all
Type: intervention

Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later) that
concern directly the population and intervention described above.
STEP1:Randomizedcontrolledtrials(RCTs)andnon-randomizedstudies(non-randomizedcontrolledtrials,interruptedtimeseries,controlled before- andafter studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case series are
included if they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference abstracts, trial
protocols) are excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above
but considered informative as additional evidence – taking into account severe indirectness- for the final evaluation of the writing group’s
conclusions regarding the implications for practice and research.
Timeframe: For STEP 1, allyears and alllanguages areincluded, as long as thereisanEnglishabstract. Ifin Step 0 areview, guidelineor COSTR of high
quality is withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in case ofahighqualityreview, guideline or COSTR, search can belimitedtobeyonddates and/orscope ofthat

Additional Evidence Reviewer(s): Djakow
Conflicts of Interest (financial/intellectual, specific to this question):
Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: PLS 46
Consensus on Science
One LOE 4pediatriccaseseries436showed that criticallyillchildrenrequiring inotropicsupporthavewidevariability in hemodynamicresponses todifferent infusion
rates of dobutamine. One LOE 2 blinded crossover study437 found dopamine and dobutamine had equal hemodynamic effects in infants and childrenrequiring
post–cardiacsurgicalinotropicsupportbutthatdopamineataninfusionrateof7mcg/kgperminuteincreasedpulmonaryvascular resistance.
Six LOE 3 studies438–443 showed that
both dopamine
and dobutamine infusions improve
hemodynamics
children with cardiogenic shock.
Downloaded
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Evidence from 1 LOE 1pediatric placebo-controlled trial444 showed that milrinoneiseffectivein preventing lowcardiac output syndrome in infants and children
following biventricular cardiacrepair. One LOE 4 study445 showed that milrinoneimproved cardiac index inneonates with lowcardiac output following cardiac
surgery.
Onesmall LOE 1study446showedthat childrenhad betterhemodynamicparametersand shorter ICUstaysif they receivedmilrinonecompared withlow- dose
epinephrine plusnitroglycerin for inotropic support following repair of tetralogy of Fallot.
In2LOE4smallcaseseries,447,448whenchildrenwithheartfailuresecondarytomyocardialdysfunctionweregivenlevosimendan,theydemonstrated improved
ejection fraction, required a shorter duration of catecholamine infusions,447 and
showed a trend toward improved hemodynamics and reduced arterial lactate levels.448
In subgroupanalysisfrom1LOE 5randomized controlled trialin adults,449patients with cardiogenicshocktreatedwith norepinephrineversusdopamine had an
improved survival at 28 days. When all causes of shock were included, patients
treated with norepinephrine also had fewer arrhythmias than those treated with dopamine (12% versus 24%).

Treatment Recommendations
The catecholamine dosefor inotropic support incardiogenic shockmust be individually titrated becausethere isa wide variabilityin clinical response. It is reasonableto
useepinephrine,levosimendan,dopamine,ordobutamineforinotropicsupportininfantsandchildrenwithcardiogenicshock.
Milrinone may be beneficial for the prevention and treatment of low cardiac output following cardiac surgery. There are insufficient data to support or refute the use
of norepinephrine in pediatric cardiogenic shock.

2010 Search Strategy:
Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):
436. Berg RA, Donnerstein RL, Padbury JF. Dobutamine infusions in stable, critically ill children:
pharmacokinetics and hemodynamic actions. Crit Care Med. 1993;21:678 – 686.

437. Booker PD, Evans C, Franks R. Comparison of the haemodynamiceffects of dopamine and
dobutamine in young children undergoingcardiac surgery. Br JAnaesth. 1995;74:419– 423.
438. Driscoll DJ, Gillette PC, McNamara DG. The use of dopamine inchildren.JPediatr.
1978;92:309 –314.
439. LangP,WilliamsRG,NorwoodWI,CastanedaAR.Thehemodynamiceffectsofdopamineininfants
after corrective cardiac surgery. J Pediatr. 1980;96:630 – 634.
440. Outwater KM, Treves ST, Lang P, Castaneda AR, Crone RK. Renal and hemodynamic effects of
dopamine in infants followingcardiac surgery. JClin Anesth. 1990;2:253–257.
441. WilliamsDB,KiernanPD,SchaffHV,MarshHM,DanielsonGK.Thehemodynamicresponseto
dopamine and nitroprusside following right atrium-pulmonary artery bypass (Fontan procedure). Ann
Thorac Surg. 1982;34:51–57.
442. BohnDJ,PoirierCS,EdmondsJF,BarkerGA.Hemodynamiceffectsofdobutamineafter
cardiopulmonary bypass inchildren. Crit Care Med. 1980;8:367–371.
443. Perkin RM, Levin DL, Webb R, Aquino A, Reedy J. Dobutamine: ahemodynamic
evaluation in children with shock. J Pediatr. 1982;100: 977–983.
444. HoffmanTM,WernovskyG,AtzAM,KulikTJ,NelsonDP,ChangAC,BaileyJM,AkbaryA,Kocsis JF,
KaczmarekR,SprayTL,WesselDL.Efficacy and safety of milrinone in preventing low
cardiac output syndrome in infants and children after corrective surgery for congenital heart disease. Circulation.
2003;107:996–1002.

445. ChangAC,AtzAM,WernovskyG,BurkeRP,WesselDL.Milrinone:systemicandpulmonary
hemodynamic effects inneonates after cardiac surgery. Crit Care Med. 1995;23:1907–1914.
446. Abdallah I, Shawky H. A randomised controlled trial comparing mil- rinone and
epinephrine as inotropes in paediatric patients undergoingtotalcorrectionoftetralogyof
fallot. Egypt J Anaesth. 2003;19:323–329.
447. Namachivayam P, Crossland DS, Butt WW, Shekerdemian LS. Early experience with
levosimendan inchildrenwith ventricular dysfunction. Pediatr Crit Care Med. 2006;7:445–448.
448. EganJR,ClarkeAJ,WilliamsS,ColeAD,AyerJ,JacobeS,ChardRB,Winlaw DS.
Levosimendan for low cardiac output: a pediatric expe-rience.JIntensiveCareMed.
2006;21:183–187.
449. DeBackerD,BistonP,DevriendtJ,MadlC,ChochradD,AldecoaC,Brasseur A, Defrance P,
Gottignies P, Vincent JL. Comparison of dopamine and norepinephrine in the treatment of
shock. N Engl J Med. 2010;362:779 –789..
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2019 Search Strategy:
Database searched: Pubmed - Embase
Date Search Completed: 1 DEC 2019

Used terms

•

cardiogenic shock, low cardiac output, low cardiac index; catechol*, inotrop*, vasopressin, dopamine, dobutamine,
dopexamine, isoprenaline, noradrenaline, norepinephrine, milrinone, phenylephrine, levophed, adrenaline, epinephrine,
vasoactive drug*, inodilator, inoconstrictor; either as individual term(ti,ab,kw) or related MESHTerm; combined using
Bolean operators

•

specific blocks defined for certain indicators:

o paediatric:todefinethe‘paediatricpopulation’weusedthepredefinedBMIblock(https://blocks.bmi-online.nl)
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o To exclude NOT "Letter"[Publication Type] OR "Editorial"[Publication Type] OR “Comment"[Publication Type])
• For Embase we prefilteredto avoid Medline duplicates by using [embase]/lim NOT ([embase]/lim AND [medline]/lim)
o Cardiacarrest:(resuscitation:ti,ab,kwOR'resuscitation'OR'resuscitation'/expORresuscitationOR'heart'OR
'heart'/exp OR heart) AND (arrest:ti,ab,kw OR 'heart' OR 'heart'/exp OR heart) AND ('arrest' OR'arrest'/expOR
arrest)
Search Results (Number ofarticles identified / numberidentified as relevant): 485 (including adult) / STEP 0: 2
guideline

STEP 1: 0
STEP 2: 6 recent reviews, as well as some pediatric ‘epidemiologic’ papers
Key Themes:
Theme 1: the use of inotropes and/or vasopressors (combined, alone or not) in cardiogenic shock (in addition to etiological and
mechanical treatments)
Theme 2: which inotrope and vasopressor to use in cardiogenic shock and at what dose
Theme3:theexistenceofspecificsubpopulationsthatmightneedspecifictreatmentchoices(e.g.septicvsnon-septic…)
Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex:cardiacarrest,studiesconcerninganaphylaxis,AMI,LCOSpostcardiacsurgery;animalstudies;letters, editorialsor
comments; unpublishedstudies(e.g.,conferenceabstracts, trial protocols), no English abstract; Newborn at Delivery

Link to Article Titles and Abstracts for 2019 search (if available on PubMed):
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4754230/
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Summary of Evidence Update:
GUIDELINE OR SYST. REVIEW?
Topics addressed or PICO(S)T
(Organisation); Author; Year Published
1. Davis 2017 1061 (GL ACCCM US) Use of vasoactive drugs inchildren with fluidrefractory initial catecholamine resistant septic
shock and
1/ low CI, high SVR, normal BP
2/ low CI, low SVR, low BP

#articles
identified
41 (before
2015)

Key findings: (evidence Level 1D)
* Shock with Low CI, Normal Blood Pressure, and High SVR (Level 1D): Milrinone is considered by the authors
to bethe first-line inodilator in patients with epinephrine-resistant shock and normal blood pressure. As
noted above, the long elimination half-life of these drugs can lead to slowly reversible toxicities
(hypotension, tachyarrhythmias, or both) particularly if abnormal renal or liver function exists. Such
toxicities can be reversed in part with norepinephrine infusion. Additional volume loading may be necessary
to prevent hypotension when loading doses are used. Nitroprusside or nitroglycerin may beconsidered as
second-line vasodilators. Monitoring is needed to avoid cyanide or isothiocyanate toxicity. Levosimendan
and enoximone may have a role in recalcitrant low CO syndrome.
*Shock with LowCI, Low Blood Pressure, and Low SVR: Norepinephrine can be added to/orsubstituted
for epinephrine to increase DBP and SVR. Once an adequate blood pressure is achieved, dobutamine, type III
PDEIs such as milrinone or enoximone (which is more cardioselective than milrinone) or levosimendan can be
added to norepinephrine to improve CI and Scvo2.
The quality of the guideline was evaluated by the AGREE2 tool. It was considered of medium quality due to
limited rigour (domain 3) and stakeholder involvement (domain 2).
2. Brissaud 2016 14 (GL France)
Expert recommendations for management of
Not
cardiogenic shock in children
Applicable
Key findings:
*Dobutamine should be used at a dose of 5–20 µg/kg/min in cases of cardiogenic shock with maintained
blood pressure so as to restore cardiac output (strong agreement). It is probably advisable to use milrinone
(continuous perfusion of 0.5–0.75 µg/kg/min) as an alternative to dobutamine in children with cardiogenic
shock, especially in post-cardiac surgery patients and in cases with impaired right ventricle function and/or
associated pulmonary arterial hypertension (strong agreement). Levosimendan (continuous perfusion of 0.1–
0.2 µg/kg/min) may be used as second-line treatment in patients with cardiogenic shock who do not respond
to the usual therapy (dobutamine or milrinone with or without diuretics), especially for postoperative
management after cardiac surgery (strong agreement).
* If vasopressors are combinedwith inotropes to achieve adequate perfusion pressure, it is probably
advisable to use noradrenaline as first-line treatment, especially in patients with low cardiac output, reduced
vascular resistance, and persistent hypotension (strong agreement). Noradrenaline should be replaced by
adrenaline in patients with inotrope-resistant cardiogenic shock (strong agreement). It is probably not
advisable to use dopamine to treat cardiogenic shock in children (strong agreement). It is probably advisable
touse terlipressin/arginine vasopressin as last-resort treatment in children with vasopressor-resistant
cardiogenic shock (common vasopressors such as noradrenaline and adrenaline) (strong agreement).
* It is probably not advisable to use nitrated derivatives to treat cardiogenic shock in children (strong
agreement)
The quality of the guideline was evaluated by the AGREE2 tool. It was considered of low quality due to very
limited rigour (domain 3) and limited stakeholder involvement (domain 2).
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STEP2 ‘Background’:
Inthe last5 years many different guidelines about theuse ofvasoactivedrugs inadult cardiogenic shock
have been published. Levy et al (Levy 2019 384) correctly pointed out that most of these recommendations
are based on meta-analysis and expert opinions, taking into account as well the known physiological effects
of the drugs under study. When comparing these existing guidelines Van Diepen et al (Van Diepen 2019 365)
identified clear inconsistencies between individual guideline recommendations, and no consistent
associations between the strength of underlying evidence, the weight of guideline recommendations, and
the actual adherence to guidelines in clinical practice.
ThemostrecentreviewbyLevyetal(Levy 2019384, highquality)argumented-based onresearch(and
physiological reasoning)- against the use of epinephrine, dopamine and vasopressin. Epinephrine was
identified (Leopold 2018 847) to increase mortality in adult cardiogenic shock, increases oxygen
consumption and lactate levels (without any advantages on arterial pressure restoration, oxygen delivery or
organ failure). Dopamine in turn was associated with more arrhythmic events and increased mortality in a
subgroup of cardiogenic shock (DeBacker 2010 779).
Adult data should be consideredwith extreme cautionas theunderlyingetiology leadingtocardiogenic
shock most often will be different (e.g. acute coronary syndrome) and the physiology of response to shock
(chronotropy, inotropy, pleiotropy, Frank-Starling equilibrium and vascular resistance) will be clearly
different in children. Cardiogenic shock in children might be primary cardiac (cardiomyopathy, myocarditis,
arrhythmia, Takotsubo, Kawasaki…) or secondary (sepsis-induced, tamponade…). Indeed, several paediatric
observational papers identified a high degree of sepsis-induced myocardial dysfunction in children with
septic shock (Jain 2018 501, Williams 2019 17, Ranjit 2013 224).

Reviewer Comments (including whether meet criteria for formal review): Vasoactive drugs are only one part of the
treatment options for cardiogenic shock. Treatment choices should also be etiology-driven and early consideration of mechanical
support is needed.
Considering the current absence of paediatric direct evidence, we cannot advice for or against the use of any specific vasoactive drug,
nor to change the current guideline as such. The existing evidence is also too limited to advocate for any more thorough evidence
evaluation by systematic review.
The decision making around which vasoactive drugs to use as first- or second line is complex and likely there are differences between
patient groups (interms of both etiology and physiologicalcardiocirculatory responses).Theindividual treatmentstrategy therefore
shouldbe tailoredtotheindividualpatientandtitratedtospecifictargets.Goodknowledgeoftheactivity andeffectsofeachofthe
vasoactivedrugs at different doses is imperative and might guide treatment choices.

Reference list
1.
2.

Davis AL, Carcillo JA, Aneja RK, Deymann AJ, Lin JC, et al. American College of Critical Care Medicine Clinical Practice Parameters for
Hemodynamic Supportof Pediatricand Neonatal Septic Shock. Crit Care Med. 2017 Jun;45(6):1061-1093.
BrissaudO,BotteA,CambonieG,DaugerS,deSaintBlanquatL,DurandP,GournayV,GuilletE,LauxD,LeclercF,MauriatP,BoulainT, Kuteifan K.
Experts' recommendations for themanagementofcardiogenic shockinchildren. Ann Intensive Care. 2016 Dec;6(1):14
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PALS: MANAGEMENT OF DETERIORIATION WITH PULMONARY HYPERTENSION
Appendix C-10
2020 Evidence Update Worksheet
Prevention of postoperative pulmonary hypertensive crises in infants and children pulmonary hypertension
(PLS 391: EvUp)
Worksheet author(s): Kelly Kadlec
Council: AHA
Date Submitted: 12/1/2019
PICO / Research Question: Among infants and children with pulmonary hypertension at high risk for pulmonary
hypertensive crises (P), does postoperative care such as careful respiratory management and monitoring to avoid
hypoxia and acidosis (I), compared with no postoperative care (C), change outcomes (O)?
Outcomes:
Type (intervention, diagnosis, prognosis):
Additional Evidence Reviewer(s):
Conflicts of Interest (financial/intellectual, specific to this question): None
Year of last full review: 2010 / 2015 / New question:
Last ILCOR Consensus on Science and Treatment Recommendation: N/A
From AHA CHD: The postoperative care of the child with pulmonary hypertension at high risk for pulmonary
hypertensive crises requires careful respiratory management and monitoring to avoid hypoxia and acidosis (Class I;
Level of Evidence B).
2010/2015 Search Strategy: N/A
2019 Search Strategy: (("hypertension, pulmonary"[MeSH Terms] OR ("hypertension"[All Fields] AND
"pulmonary"[All Fields]) OR "pulmonary hypertension"[All Fields] OR ("pulmonary"[All Fields] AND
"hypertension"[All Fields])) AND ("postoperative period"[MeSH Terms] OR ("postoperative"[All Fields] AND
"period"[All Fields]) OR "postoperative period"[All Fields] OR "postoperative"[All Fields])) AND
(("2015/01/01"[PDAT] : "2019/11/30"[PDAT]) AND "humans"[MeSH Terms] AND ("infant"[MeSH Terms] OR
"child"[MeSH Terms] OR "adolescent"[MeSH Terms]))
Database searched: PubMed
Date Search Completed: 11/29/19
Search Results (Number of articles identified / number identified as relevant): 161/10
Inclusion/Exclusion Criteria: 1. From 1/1/2015 through 11/30/2019 2. Humans. 3. Birth to 18 years
Link to Article Titles and Abstracts (if available on PubMed):
1. https://www.ncbi.nlm.nih.gov/pubmed/29702711
2. https://www.ncbi.nlm.nih.gov/pubmed/28994364
3. https://www.ncbi.nlm.nih.gov/pubmed/28701597
4. https://www.ncbi.nlm.nih.gov/pubmed/28054902
5. https://www.ncbi.nlm.nih.gov/pubmed/26604214
6. https://www.ncbi.nlm.nih.gov/pubmed/26463986
7. https://www.ncbi.nlm.nih.gov/pubmed/26440237
Downloaded from www.aappublications.org/news by guest on November 18, 2020
8. https://www.ncbi.nlm.nih.gov/pubmed/26134177

Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic
and scoping reviews.
Relevant Guidelines or Systematic Reviews
Organisation
(if
relevant);
Author;
Year
Published
#6 in
Reviews
AvilaAlvarez, A
2016

Guideline
or
systematic
review

Topic
Number of articles
addressed identified
or
PICO(S)T

Key
findings

Treatment
recommendations

Systematic
review

Can
certain
medicatio
ns postoperativel
y mitigate
PH and
thus
reduce pre
valence or
severity of
LCOS
following
surgery for
those
with/at
risk of PH

A lot of
different
uses for
both in
several
different
patient
populations
—small
numbers in
almost all
studies.

-’Emerging evidence
supports the use of iNO as
part of perioperative care in
children with PH and
CHD. Prophylactic
treatment should be
considered in selected highrisk patients.’

INO: Referenced2
008 Cochrane
review but
not number of
articles reviewed; 3
other articles
looked at.
Oral/IV
sildenafil: 7+
studies

-’Current data do not
support the use of intravenous sildenafil in
children, and neither
routine use of oral
sildenafil in the
postoperative care of every
patient at risk of PH, but
there is growing evidence
and widespread use of
sildenafil in three clinical
situations: i)preventing post
operative pulmonary
hypertensive crises; ii) as
part of the treatment of
right ventricular failure;
and, iii) in the withdrawal
of iNO.’

-Most
convincing
study is
Miller’s
(prospective
,
randomized,
doubleblinded)
which had
124 patients
at risk for
PH which
showed
nitric lead to
a significant
reduction in
post-op PH
crisis and
shortened
post-op
course.
-This study
was not
included in
Downloaded from www.aappublications.org/news by guest on November 18, 2020
my overall

#8 in Links
Chau, DF
2016

-Review
article
- I was
unable to
access this
article
through
my
institution
but the
abstract
looked
significant
enough
that I
purchased
the
article—I
will submit
a receipt of
this to the
AHA.

The article
purported,
in the
abstract,
to: ‘focus
on
postoperat
ive care
and review
the
evidence
in support
of a risk
stratificati
on
approach
for the
postanesthetic
disposition
of these
patients’

9 specifically
identified in the
published evidence
section, although
the authors use
several other
articles to develop
their
risk stratification
recommendations.

search
results as it
was done in
2000 and
we limited
the studies
for this
search to
2015-2019.
No specific
recommend
ations
relevant to
this PICO
topic,
unfortunatel
y. Only
results/recs
were
re dispositio
n.

-Overall, I was
disappointed in the final
recommendations. I was
hoping they would go into
specific post-operative
treatments—they really just
use this stratification
process for post
operative location
disposition (PACU versus
PICU). What they meant
by focusing on the postoperative care was really
disposition.
-Regardless, I REALLY
liked their risk stratification
process for identifying kids
at high risk for post-op PH
morbidity and mortality.
-Unfortunately, this article
is not specific to post-op
CHD patients.
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RCT:
Study Aim of Study; Study
Acro Type;
nym; Study Size (N)
Auth
or;
Year
Publi
shed
# 2 in
Links
Sabri,
MR
2017

#3 in
Links
Barn
wall,
NK
2017

#4 in
Links
Li, S

Patient
Population

Study
Intervention
(# patients)
/
Study
Comparator

Unable to
access full article to
identify study aim
and also limits my
ability to fully
critique this article
and provide the
requested details.

Age 3-24 months,
large ‘septal’
defects undergoing
definitive surgery

(# patients)
Intervention:
Oral
sildenafil 1-3
mg/kg/d q 8h

Endpoint
Results
(Absolute
Event Rates,
P value;
OR or RR; &
95% CI)

-No significant
differences
between
groups
regarding re
Comparison: PAPs in first
Oral tadalafil 48 hours
1mg/kg q d
No significant
Prospective,
Both started
differences in
randomized, N=42
7-10d before ICU LOS, MV
surgery and
time, lowcontinued 3-4 cardiac output
weeks after
state, ECHO
surgery
data or side
effects
Prospective,
6 weeks-12 years
3 different
-Statistically
randomized, doubleof age, ASA2-3,
doses of
sig difference
blinded, single center, CHD and severe
milrinone
in HR between
90 patients.
PH (PAP > 50
initiated intra 3 groups, by 2
mmHg by pre-op
-operatively: points.
ECHO)
0.375
-Highest dose
mcg/kg, min, group had
0.5 and 0.75
significantly
-30 patients
higher
each group
vasopressor
need,
than lowest do
se group, to
manage
hypotension.
-No difference
in CVP, MAP,
OI, mech vent
duration, ICU
LOS
-No difference
in SVT, VT,
hypokalemia
Unable to
- CHD patients
-20 patients
-No
access full article whiDownloaded
with PH
(mean
received
differences b/t
from www.aappublications.org/news by guest on November 18, 2020
ch may limit my
PAP > 50 mmHg-groups re

Relevant 2°
Endpoint (if any);
Study Limitations;
Adverse Events

Study Limitations: Comparison of 2
PDE5Is initiated preoperatively and not
really specific post-op
measures to decrease
complications.
-Small study

-HR difference likely
not clinically relevant
-Still trying to figure
out if there was no
difference in MAPs
(or ages) between the
groups then why the
‘significant’
difference between the
low and high groups
re vasopressor needs.

-These were perioperative

2016

#5 in
Links
Ismih
an,
SO
2015

ability to fully
critique this
article and provide
the requested details.
-Aim: Identify
whether standard or
novel goal-directed
hemodynamic optimization therapy
(GDHOT) improves
the surgical outcomes
of CHD patients with
PH.
-Randomized, notblinded
-N=40

-I assume this is by
ECHO
-Ages, lesions
unable to be
identified by
abstract

standard
GDHOT
-20 patients
received
novel
GDHOT

patient
interventions, not just
characteristics, post-operative.
surgical
-I wish I was able to
access this article
procedure or
mortality
through our
institutional libraries,
-Novel
GDHOT group but I can’t. I really
-I cannot
had significant want to know what the
determine
different therapies
ly short ICU
from the
LOS, MV time were and whether the
abstract
perioperative therapies
and increased
what each of SVR decreased were pre/intra or
these
extended into the postPAP,
GDHOTs
PAP/systemic op course as well.
entailed
arterial
pressure ratio,
RVSWI at 12
and 24
hours postsurgery.
-Novel group
also
had significant
ly lower CVP
at 4,12 and 24h
than control gr
oup
-Aim: To investigate
Infants aged 4-15
-PA pressures
-Significantly more
effect(s) of
months, severe PH
(sys, mean, dia)
males in the study
IV iloprost on PH after (>50 mmHg), CHD
and art BPs at 6,
group
surgery for CHD
with significant L
12, 24, 36, 48 and -Overall, there were
-Prospective,
to R shunts
72 hours
some minor
randomized
including non-TEE at 1 and 7d differences on f/u---N=27 in control, 12
restrictive VSDs
-VS at 30d
significance
in study
and or cAVSDs.
unclear
outpatient visit
Excluded: Restricti
-Other: mortality, -Significance of
ve septal
post-op PH
lower PAP/systemic
defects, mult VSDs
crisis, iNO need,
pressure
, PS +
MV time,
immediately postintracardiac/others
reintubation rate, op unknown but
Ao arch
new arrhythmias, likely clinically
abnormalities.
lactates, inotropes insignificant since
>24
no other significant
hours, reoperation differences noted
, ICU LOS,
in postop period
hospital LOS,
-Would have been
nice if they would
TTE to eval sys
PAP, mean PAP
have analyzed
and ventricular
saturations during
function (pre-op,
the immediate postdays 1, 7 and 30) op period
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#7 in
Links
Shar
ma,
VK
2016

Aim- To compare
perioperative PaO2 –
FiO2 ratio peak filling
rate (PFR), systolic
pulmonary artery
pressure (PAP) –
systolic aortic pressure
(AoP) ratio,extubation
time, and ICU LOS
-Prospective
randomized study

Inclusion: VSD,
proven PH, <14
years, ASA 3.
Exclusion: PH
associated with
non-VSD CHD,
presence of
inotropic or vent
support prior to
surgery and
contraindications
to neuroaxial block
s (e.g. spinal
abnormalities,
coagulation
abnormalities)

Study
group: IV
sildenafil
administratio
n
perioperative
ly.
Control
group: No
IV sildenafil

Results: No diffs
in postop data
between groups
with the
exception of their
being a
significant
difference in the
study group with
regard to
PAP/SBP ratios
immediately after
the OR (e.g.
lower)—but not
at 6, 12, 24h etc.
-Study group also
had sig progressiv
e decrease in
MPAP at f/u,
lower MPAP by
ECHO on day 1
and 7.
-No diff in
oxygenation or
ScVO2 b/t groups
at baseline and
at end of study—
no data during
first 72 hours.
-Similar patient
characteristics for
each group.
-Study group was
extubated more
quickly and had a
shorter ICU LOS.
-Study group with
higher PFR ratio

N=46, 23 for
each group
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-IV iloprost did
not seem to offer
any advantage
over no iloprost.

-Authors claim
significance and
identify the tests
used but not the
resultant values---this gives me
significant pause
regarding the
validity of the
results.
-In the graph, it
‘seems’ significant,
but the confidence
intervals are
extremely wide in
the control group

Nonrandomized Trials, Observational Studies
Study
Study
Patient
Acrony
Type/Design;
Population
m;
Study Size (N)
Author;
Year
Publishe
d
#1 In
Links
Nyp, MF
2018

Retrospective,
unable to
access full arti
cle to state
N and thus
limits my
ability to fully
critique this
article.

Unable to
delineate due
to inability to
access full artic
le

Primary
Endpoint
and Results
(include P
value;
OR or RR;
& 95% CI)

Summary/Conclusi
on Comment(s)

Identify posttrach
decompensati
on events—
identified as
events within
72 hours of
trach
requiring
sustained
escalation of
resp care
, seek
predictive
markers
predictive of
acute
complications
post-trach

34% had acute
decompensations. P
re-operatively,
elevations of PEEP,
PIP, MAP and
ECHO findings
suggestive of PH
were associated with
post-trach
decompensations

Reviewer Comments (including whether meet criteria for formal review):
There were a few studies that addressed PH in the post-operative state for children with CHD, but NONE of them
included interventions/management, specifically to avoid acidosis or hypoxia (this should probably be changed to
hypoxemia, I am not sure hypoxia is the word we want here) as outlined in the PICO question. I do not think this
meets criteria for a formal review but based on the literature, there is clearly an opportunity to address this PICO in
future research. This review focuses only on the data from 2015 through present. In summary, Chau’s article has an
excellent risk stratification proposal and Avila-Alvarez's review article outlines some evidence for the use of iNO in
the peri-operative care of CHD patients at high-risk for PH-related issues. From what I could find, though, there were
no articles in this search that specifically addresses whether attention/treatment towards hypoxia or acidosis results in
improved outcomes for post-op CHD patients who are at high risk for PH/PH crisis. It may be worth revisiting the
PICU question itself---I do not think it is reasonable for the ‘C’ in this PICO to be ‘no post-operative' care---that just
does not happen. A more appropriate question might be: Among infants and children with pulmonary hypertension at
high risk for pulmonary hypertensive crises (P), what additional post-operative care/medications/monitoring or
interventions (I), compared with routine post-operative care (C), reduce the incidence of post-op PH crisis,
cardiopulmonary arrest and/or mortality (O)?
Reference list
See links above
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Appendix C-11
2020 Evidence Update Worksheet
Opioids, sedatives, and neuromuscular blocking drugs for pulmonary hypertension (PLS 056: EvUp)
Worksheet author(s): Ryan Morgan
Council: AHA
Date Submitted: 11/28/2019
PICO / Research Question: Among infants and children who are at high risk for pulmonary hypertensive crises (P),
does provision of adequate opiates, sedatives, and muscle relaxants (I), compared with no provisions (C), change risk
of pulmonary hypertensive crises (O)?
Outcomes:
Type (intervention, diagnosis, prognosis):
Additional Evidence Reviewer(s):
Conflicts of Interest (financial/intellectual, specific to this question): None.
Year of last full review: New question
Last ILCOR Consensus on Science and Treatment Recommendation:
CHD statement: For pediatric patients who are at high risk for pulmonary hypertensive crises, provision of adequate
opiates, sedatives, and muscle relaxants is recommended to minimize risk of pulmonary hypertensive crises (Class I;
Level of Evidence B).
2010/2015 Search Strategy: n/a
2019 Search Strategies:
((pulmonary hypertension[MeSH Terms]) OR pulmonary hypertensive) AND ((pediatric[MeSH Major Topic]) OR
pediatric OR child OR children OR neonatal OR neonate OR infants OR infant OR baby OR babies OR paediatric OR
adolescent OR adolescence OR youth OR teen OR school) AND (opioid OR opiate OR sedative OR sedation OR
neuromuscular OR paralysis OR block OR anxiolytic OR anxiolysis)
"hypertension, pulmonary"[MeSH Terms] AND (("child"[MeSH Terms] OR "child"[All Fields] OR "children"[All Fields])
OR ("child"[MeSH Terms] OR "child"[All Fields]) OR ("pediatrics"[MeSH Terms] OR "pediatrics"[All Fields] OR
"pediatric"[All Fields]) OR ("paediatrics"[All Fields] OR "pediatrics"[MeSH Terms] OR "pediatrics"[All Fields])) AND
(("opiate alkaloids"[MeSH Terms] OR ("opiate"[All Fields] AND "alkaloids"[All Fields]) OR "opiate alkaloids"[All Fields]
OR "opiates"[All Fields]) OR ("analgesics, opioid"[Pharmacological Action] OR "analgesics, opioid"[MeSH Terms] OR
("analgesics"[All Fields] AND "opioid"[All Fields]) OR "opioid analgesics"[All Fields] OR "opioids"[All Fields]) OR
("hypnotics and sedatives"[Pharmacological Action] OR "hypnotics and sedatives"[MeSH Terms] OR ("hypnotics"[All
Fields] AND "sedatives"[All Fields]) OR "hypnotics and sedatives"[All Fields] OR "sedatives"[All Fields]) OR ("hypnotics
and sedatives"[Pharmacological Action] OR "hypnotics and sedatives"[MeSH Terms] OR ("hypnotics"[All Fields] AND
"sedatives"[All Fields]) OR "hypnotics and sedatives"[All Fields] OR "sedative"[All Fields]) OR (("muscles"[MeSH
Terms] OR "muscles"[All Fields] OR "muscle"[All Fields]) AND relaxant[All Fields]) OR ("neuromuscular
blockade"[MeSH Terms] OR ("neuromuscular"[All Fields] AND "blockade"[All Fields]) OR "neuromuscular
blockade"[All Fields]))
Database searched: PubMed
Downloaded from www.aappublications.org/news by guest on November 18, 2020
Date Search Completed: 11/25/19
Search Results (Number of articles identified / number identified as relevant): 276 / 2

Inclusion/Exclusion Criteria: Included if patient and intervention were relevant to this PICO, though no studies had
relevant comparison group. Included studies published after 5/10/2011 as discussed below.
Link to Article Titles and Abstracts (if available on PubMed):
Hemodynamic effects of ketamine in children with CHD or PH: https://www-ncbi-nlm-nihgov.proxy.library.upenn.edu/pubmed/30259660
Retrospective comparison of dexmedtomidine versus midazolam in children with CHD and PH: https://www-ncbinlm-nih-gov.proxy.library.upenn.edu/pubmed/25661272
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and
scoping reviews.
Relevant Guidelines or Systematic Reviews
Organisation
(if relevant);
Author;
Year
Published

Guideline or
systematic
review

AHA

Cardiopulmonary
Resuscitation in
Infants and
Children with
Cardiac Disease

AHA / ATS

Pediatric
Pulmonary HTN:
Guidelines from
the AHA and ATS
(2015)

Topic
addressed
or PICO(S)T

Number
of articles
identified

Key findings

Treatment
recommendations

Provision of
adequate
opiates,
sedatives,
and muscle
relaxants
for pediatric
patients at
high risk for
pulmonary
hypertensiv
e crises

No clear
search
criteria

1. Sympathetic
stimulation
associated with PH
crises.
2. Sympathetic stress
hormones
attenuated with
administration of
high-dose fentanyl
3. Continuous
infusion of fentanyl
with muscle
relaxants beneficial
for early post-op care
of high-risk patients

For pediatric
patients who are at
high risk for
pulmonary
hypertensive crises,
provision of
adequate opiates,
sedatives, and
muscle relaxants is
recommended to
minimize risk of
pulmonary
hypertensive crises
(Class I; LOE B).

Avoidance
Systemati
of agitation c search
and use of
with
opiates,
medical
sedatives,
librarian –
and muscle result
relaxers
details not
following
provided
cardiac
Downloaded
from www.aappublications.org/news by guest on November 18, 2020
surgery in

General
postoperative
strategies for
avoiding PH crises
(PHCs), including
the avoidance of
hypoxia, acidosis,
and agitation,
should be used in

children at
risk for PH
crises

RCT:
Study
Acronym;
Author;
Year Published

n/a

children at risk for
PHCs (Class I, LOE B)
Administration of
opiates, sedatives,
and muscle relaxers
is recommended for
reducing
postoperative stress
response and the
risk for or severity
of PHCs (Class I, LOE
B)

Aim of Study;
Study Type;
Study Size (N)

Patient
Population

Study
Intervention
(# patients) /
Study
Comparator
(# patients)

Endpoint Results
(Absolute Event
Rates, P value; OR
or RR; & 95% CI)

Study Aim:

Inclusion
Criteria:

Intervention:

1° endpoint:

Study Type:

Comparison:
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Relevant 2°
Endpoint (if
any);
Study
Limitations;
Adverse
Events
Study
Limitations:

Nonrandomized Trials, Observational Studies
Study
Study
Patient
Acronym;
Type/Design;
Population
Author;
Study Size (N)
Year Published
n/a

Study Type:

Inclusion
Criteria:

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

Summary/Conclusion
Comment(s)

1° endpoint:

Reviewer Comments (including whether meet criteria for formal review):
This PICO question was addressed in the 2018 AHA Statement on CPR in Infants and Children with Cardiac Disease.
Notably, they based their recommendation on a previous joint statement of the AHA and American Thoracic Society
(ATS) (“Pediatric Pulmonary HTN: Guidelines from the AHA and ATS” (2015)). The search criteria of the 2018
statement was not entirely clear, but the 2015 statement was based on a systematic search performed on May 10,
2011. Therefore, the above search was limited to results from this date (5/10/2011) onwards and the references
from both of the above guidelines were then added below as well.
Overall, there are no data to suggest deviating from their recommendation: “For pediatric patients who are at high
risk for pulmonary hypertensive crises, provision of adequate opiates, sedatives, and muscle relaxants is
recommended to minimize risk of pulmonary hypertensive crises (Class I; LOE B).” There have not been
contemporary studies comparing provision of adequate opiates, sedatives, and/or muscle relaxants to not providing
these therapies, as the avoidance of pain, anxiety, or over-stimulation in this population is considered standard of
care. In the text of both of these guidelines, fentanyl is specifically mentioned as an appropriate therapy. Ketamine
and dexmedetomidine are also reasonable options based on the above references. Midazolam is likely efficacious but
may be associated with higher rates of delirium.
Reference list
AHA CPR in Infants and Children with Cardiac Disease Statement:
Marino BS, Tabbutt S, MacLaren G, Hazinski MF, Adatia I, Atkins DL, Checchia PA, DeCaen A, Fink EL, Hoffman GM,
Jefferies JL, Kleinman M, Krawczeski CD, Licht DJ, Macrae D, Ravishankar C, Samson RA, Thiagarajan RR, Toms R,
Tweddell J, Laussen PC; American Heart Association Congenital Cardiac Defects Committee of the Council on
Cardiovascular Disease in the Young; Council on Clinical Cardiology; Council on Cardiovascular and Stroke Nursing;
Council on Cardiovascular Surgery and Anesthesia; and Emergency Cardiovascular Care Committee. Cardiopulmonary
Resuscitation in Infants and Children With Cardiac Disease: A Scientific Statement From the American Heart
Association. Circulation. 2018 May 29;137(22):e691-e782. doi: 10.1161/CIR.0000000000000524. Epub 2018 Apr 23.
AHA / ATS Pediatric Pulmonary Hypertension Guidelines:
Abman SH, Hansmann G, Archer SL, Ivy DD, Adatia I, Chung WK, Hanna BD, Rosenzweig EB, Raj JU, Cornfield D,
Stenmark KR, Steinhorn R, Thébaud B, Fineman JR, Kuehne T, Feinstein JA, Friedberg MK, Earing M, Barst RJ, Keller
RL, Kinsella JP, Mullen M, Deterding R, Kulik T, Mallory G, Humpl T, Wessel DL; on behalf of the American Heart
Association Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation; Council on Clinical
Cardiology; Council on Cardiovascular Disease in the Young; Council on Cardiovascular Radiology and Intervention;
Council on Cardiovascular Surgery
and Anesthesia; and the American Thoracic Society. Pediatric pulmonary
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hypertension: guidelines from the American Heart Association and American Thoracic Society [published correction
appears in Circulation. 2016;133:e368]. Circulation. 2015;132:2037– 2099. doi: 10.1161/CIR.0000000000000329.
Hopkins RA, Bull C, Haworth SG, de Leval MR, Stark J. Pulmonary hypertensive crises following surgery for congenital
heart defects in young children. Eur J Cardiothorac Surg. 1991;5:628–634.
Cited References from AHA & AHA/ATS Statements:
Wheller J, George BL, Mulder DG, Jarmakani JM. Diagnosis and management of postoperative pulmonary
hypertensive crisis. Circulation. 1979;60:1640–1644.
Anand KJ, Sippell WG, Aynsley-Green A. Randomised trial of fentanyl anaesthesia in preterm babies undergoing
surgery: effects on the stress response. Lancet. 1987;1:243–248.
Anand KJ, Hansen DD, Hickey PR. Hormonal-metabolic stress responses in neonates undergoing cardiac surgery.
Anesthesiology. 1990;73:661–670.
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Appendix C-12
2020 Evidence Update Worksheet
Therapy with inhaled nitric oxide or prostaglandin I2 for pulmonary hypertensive crisis and right heart
failure (New question 2020: EvUp)
Worksheet author(s): Ryan Morgan
Council: AHA
Date Submitted: 11/28/2019
PICO / Research Question: Among infants and children (P), does therapy such as iNO or PGI2 (I), compared with no
therapy (C), change outcomes of pulmonary hypertensive crises or acute right-sided heart failure secondary to
increased PVR (O)?
Outcomes:
Type (intervention, diagnosis, prognosis):
Additional Evidence Reviewer(s):
Conflicts of Interest (financial/intellectual, specific to this question): None.
Year of last full review: New question.
Last ILCOR Consensus on Science and Treatment Recommendation: None.
CHD statement: iNO or PGI2 should be used as the initial therapy to treat pulmonary hypertensive crises or acute
right-sided heart failure secondary to increased PVR (Class I; Level of Evidence B).
2010/2015 Search Strategy: n/a
2019 Search Strategy: "hypertension, pulmonary"[MeSH Terms] AND ("pediatrics"[MeSH Major Topic] OR
("pediatrics"[MeSH Terms] OR "pediatrics"[All Fields] OR "pediatric"[All Fields]) OR ("child"[MeSH Terms] OR
"child"[All Fields]) OR ("child"[MeSH Terms] OR "child"[All Fields] OR "children"[All Fields]) OR ("infant,
newborn"[MeSH Terms] OR ("infant"[All Fields] AND "newborn"[All Fields]) OR "newborn infant"[All Fields] OR
"neonatal"[All Fields]) OR ("infant, newborn"[MeSH Terms] OR ("infant"[All Fields] AND "newborn"[All Fields]) OR
"newborn infant"[All Fields] OR "neonate"[All Fields]) OR ("infant, newborn"[MeSH Terms] OR ("infant"[All Fields]
AND "newborn"[All Fields]) OR "newborn infant"[All Fields] OR "baby"[All Fields] OR "infant"[MeSH Terms] OR
"infant"[All Fields]) OR ("infant"[MeSH Terms] OR "infant"[All Fields] OR "babies"[All Fields]) OR ("infant"[MeSH
Terms] OR "infant"[All Fields]) OR (("infant"[MeSH Terms] OR "infant"[All Fields] OR "infants"[All Fields]) AND
("pediatrics"[MeSH Terms] OR "pediatrics"[All Fields] OR "paediatric"[All Fields])) OR ("adolescent"[MeSH Terms] OR
"adolescent"[All Fields]) OR ("adolescent"[MeSH Terms] OR "adolescent"[All Fields] OR "adolescence"[All Fields]) OR
("adolescent"[MeSH Terms] OR "adolescent"[All Fields] OR "youth"[All Fields]) OR ("adolescent"[MeSH Terms] OR
"adolescent"[All Fields] OR "teen"[All Fields]) OR ("schools"[MeSH Terms] OR "schools"[All Fields] OR "school"[All
Fields])) AND ("vasodilator"[All Fields] OR “vasodil*”[All Fields] OR "nitric oxide"[All Fields] OR "prostaglandin"[ All
Fields] OR "prostacyclin"[All Fields] OR "iloprost"[All Fields] OR "sildenafil"[ All Fields] OR "inhaled"[ All Fields] OR
"pgi"[All Fields] OR "prost*"[ All Fields] OR "nitr*"[All Fields] OR milrinone[All Fields] OR "phosphodiesterase"[All
Fields] OR "inotrope"[All Fields] OR "inotropic"[All Fields] OR "vasopressor"[All Fields] OR "vasoactive"[All Fields] OR
"prostanoid"[All Fields] OR "epoprostenol"[All Fields] OR "treprostinil"[All Fields] OR "pde"[All Fields]) AND
("acute"[All Fields] OR "episode"[All Fields] OR "crisis"[All Fields] OR “critical”[All Fields] OR “decompensate”[All
Downloaded
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Fields] OR “decompensation”[All
Fields])
AND
("2011/05/10"[PDAT]
: "3000/12/31"[PDAT])

Database searched: PubMed
Date Search Completed: 11/26/2019
Search Results (Number of articles identified / number identified as relevant): 298 / 0
Inclusion/Exclusion Criteria: Inclusion: children with acute PH; comparison of any PH-directed therapy to no therapy,
supportive care, symptomatic care, etc.; excluded case reports
Link to Article Titles and Abstracts (if available on PubMed): Included studies published after 5/10/2011 as discussed
below.
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and
scoping reviews.
Relevant Guidelines or Systematic Reviews
Organisation
(if relevant);
Author;
Year
Published

Guideline or
systematic
review

Topic
addressed
or
PICO(S)T

Number of articles
identified

Treatment Unclear search
AHA;
Cardiopulmonary of PH Crisis criteria
Marino; 2018 Resuscitation in
Infants and
Children with
Cardiac Disease

Key findings

Treatment
recommendations

iNO or PGI2 should be used as the
initial therapy to treat pulmonary
hypertensive crises or acute rightsided heart failure secondary to
increased PVR (Class I; Level of
Evidence B).
Sildenafil should be prescribed to
prevent rebound pulmonary
hypertension in patients who are at
risk for or demonstrate
hemodynamic instability or
symptomatic PAH during weaning
or discontinuation of the iNO dose
(Class I; Level of Evidence B).
In patients with pulmonary
hypertensive crises,
inotropic/vasopressor therapy
should be used to avoid RV
ischemia caused by systemic
hypotension (Class I; Level of
Evidence B).

ECLS can be useful in cases of
refractory pulmonary hypertensive
crises (Class IIa; Level of Evidence
Downloaded from www.aappublications.org/news by guest on November
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Pediatric
AHA / ATS;
Abman; 2015 Pulmonary HTN:
Guidelines from
the AHA and ATS
(2015)

Treatment
of PH
crises

Systematic search
with medical
librarian – result
details not provided

In addition to conventional
postoperative care, iNO or inhaled
PGI2 should be used as the initial
therapy for PHCs and right-sided
heart failure (Class I; Level of
Evidence B).
Sildenafil should be prescribed to
prevent rebound PH in patients
who have evidence of a sustained
increase in PAP on withdrawal of
iNO and require reinstitution of iNO
despite gradual weaning of iNO
dose (Class I; Level of Evidence B).
In patients with PHCs,
inotropic/pressor therapy should
be used to avoid RV ischemia
caused by systemic hypotension
(Class I; Level of Evidence B).
Mechanical cardiopulmonary
support should be provided in
refractory cases (Class I; Level of
Evidence B).

European
Paediatric
Pulmonary
Vascular
Disease
Network;
Kaestner;
2015

PH in the ICU.
Therapy of Systematic review
Expert consensus acute PH in (1990-June 2015):
statement on the the ICU
PubMed/MEDLINE
diagnosis and
treatment of
paediatric PH.

1. Intravenous prostanoids should
be considered if severe VQ
mismatch has been excluded.
2. Inhaled prostanoids or inhaled
nitric oxide should be considered.
iNO is first-line in mechanically
ventilated patients.
3. Sildenafil is a reasonable option
to facilitate weaning from other
pulmonary vasodilators.
4. Inotropes such as milrinone and
levosimendan can be useful in
patients with severe right
ventricular failure.
5. Vasopressors such as
norepinephrine, vasopressin, or
terlipressin may be useful in
patients with systemic
hypotension, low SVR due to PH
therapy, or in patients requiring
higher SVR to leftward shift of the
interventricular septum.
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RCT:
Study
Acronym;
Author;
Year Published

n/a

Aim of Study;
Study Type;
Study Size (N)

Patient
Population

Study
Intervention
(# patients) /
Study
Comparator
(# patients)

Endpoint Results
(Absolute Event
Rates, P value; OR
or RR; & 95% CI)

Study Aim:

Inclusion
Criteria:

Intervention:

1° endpoint:

Study Type:

Nonrandomized Trials, Observational Studies
Study
Study
Patient
Population
Acronym;
Type/Design;
Author;
Study Size (N)
Year Published
n/a

Study Type:

Inclusion
Criteria:

Comparison:

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

Relevant 2°
Endpoint (if
any);
Study
Limitations;
Adverse
Events
Study
Limitations:

Summary/Conclusion
Comment(s)

1° endpoint:

Reviewer Comments (including whether meet criteria for formal review):
This PICO question was addressed in the 2018 AHA Statement on CPR in Infants and Children with Cardiac Disease.
Notably, they based their recommendation on a previous joint statement of the AHA and American Thoracic Society
(ATS) (“Pediatric Pulmonary HTN: Guidelines from the AHA and ATS” (2015)). The search criteria of the 2018
statement was not entirely clear, but the 2015 statement was based on a systematic search performed on May 10,
2011. Therefore, the above search was limited to results from this date (5/10/2011) onwards and the references
from both of the above guidelines were then added below as well.
There have been no new high-quality studies addressing this PICO question, specifically whether or not any PHdirected therapies are superior to standard supportive therapies for acute PH in children.
Reference list
AHA CPR in Infants and Children with Cardiac Disease Statement:
Marino BS, Tabbutt S, MacLaren G, Hazinski MF, Adatia I, Atkins DL, Checchia PA, DeCaen A, Fink EL, Hoffman GM,
Jefferies JL, Kleinman M, Krawczeski CD, Licht DJ, Macrae D, Ravishankar C, Samson RA, Thiagarajan RR, Toms R,
Tweddell J, Laussen PC; American Heart Association Congenital Cardiac Defects Committee of the Council on
Cardiovascular Disease in the Young; Council on Clinical Cardiology; Council on Cardiovascular and Stroke Nursing;
Council on Cardiovascular Surgery and Anesthesia; and Emergency Cardiovascular Care Committee. Cardiopulmonary
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Resuscitation in Infants and Children With Cardiac Disease: A Scientific Statement From the American Heart
Association. Circulation. 2018 May 29;137(22):e691-e782. doi: 10.1161/CIR.0000000000000524. Epub 2018 Apr 23.
AHA / ATS Pediatric Pulmonary Hypertension Guidelines:
Abman SH, Hansmann G, Archer SL, Ivy DD, Adatia I, Chung WK, Hanna BD, Rosenzweig EB, Raj JU, Cornfield D,
Stenmark KR, Steinhorn R, Thébaud B, Fineman JR, Kuehne T, Feinstein JA, Friedberg MK, Earing M, Barst RJ, Keller
RL, Kinsella JP, Mullen M, Deterding R, Kulik T, Mallory G, Humpl T, Wessel DL; on behalf of the American Heart
Association Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation; Council on Clinical
Cardiology; Council on Cardiovascular Disease in the Young; Council on Cardiovascular Radiology and Intervention;
Council on Cardiovascular Surgery and Anesthesia; and the American Thoracic Society. Pediatric pulmonary
hypertension: guidelines from the American Heart Association and American Thoracic Society [published correction
appears in Circulation. 2016;133:e368]. Circulation. 2015;132:2037– 2099. doi: 10.1161/CIR.0000000000000329.
Hopkins RA, Bull C, Haworth SG, de Leval MR, Stark J. Pulmonary hypertensive crises following surgery for congenital
heart defects in young children. Eur J Cardiothorac Surg. 1991;5:628–634.
European Paediatric Pulmonary Vascular Disease Network PH in the ICU Consensus Statement:
Kaestner M, Schranz D, Warnecke G, Apitz C, Hansmann G, Miera O. Pulmonary hypertension in the intensive care
unit. Expert consensus statement on the diagnosis and treatment of paediatric pulmonary hypertension. The
European Paediatric Pulmonary Vascular Disease Network, endorsed by ISHLT and DGPK. Heart. 2016 May;102 Suppl
2:ii57-66. doi: 10.1136/heartjnl-2015-307774.
Cited References from AHA & AHA/ATS Statements:
Atsumi N, Gomi S, Kanemoto S, Mihara W, Shigeta O, Terada Y, Jikuya T, Sakakibara Y, Mitsui T, Ninomiya H.
Management of postoperative pulmonary hypertensive crisis in children: indication and usefulness of
inhaled nitric oxide therapy as a pulmonary vasodilator [in Japanese]. Nihon Kyobu Geka Gakkai Zasshi.
1996;44:2123–2129.
Loukanov T, Bucsenez D, Springer W, Sebening C, Rauch H, Roesch E, Karck M, Gorenflo M. Comparison of inhaled
nitric oxide with aerosolized iloprost for treatment of pulmonary hypertension in children after cardiopulmonary
bypass surgery. Clin Res Cardiol. 2011;100:595–602. doi: 10.1007/s00392-011-0284-5.
Matsumoto M, Naitoh H, Higashi T, Kurasako T, Takatori M, Tada K, Ohba O. Risk factors for pulmonary hypertensive
crisis (PHC) following VSD repair in infants [in Japanese]. Masui. 1995;44:1208–1212.
Goldman AP, Delius RE, Deanfield JE, de Leval MR, Sigston PE, Macrae DJ. Nitric oxide might reduce the need for
extracorporeal support in children with critical postoperative pulmonary hypertension. Ann Thorac Surg.
1996;62:750–755.
Murthy KS, Rao SG, Prakash KS, Punnoose A, Benjamin N, Bharati AS, Singh RK, Cherian KM. Inhaled nitric oxide as
therapy for pulmonary hypertension in postoperative cases of congenital heart defects. Indian Heart J. 1996;48:695–
698.
Turanlahti MI, Laitinen PO, Sarna SJ, Pesonen E. Nitric oxide, oxygen, and prostacyclin in children with pulmonary
hypertension. Heart. 1998;79:169–174.
Journois D, Pouard P, Mauriat P, Malhère T, Vouhé P, Safran D. Inhaled nitric oxide as a therapy for pulmonary
hypertension after operations Downloaded
for congenital
heart defects. J Thorac
Cardiovasc
Surg.
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2020 1994;107: 1129–1135.

Khan TA, Schnickel G, Ross D, Bastani S, Laks H, Esmailian F, Marelli D, Beygui R, Shemin R, Watson L, Vartapetian I,
Ardehali A. A prospective, randomized, crossover pilot study of inhaled nitric oxide versus inhaled prostacyclin in
heart transplant and lung transplant recipients. J Thorac Cardiovasc Surg. 2009;138:1417–1424. doi:
10.1016/j.jtcvs.2009.04.063.
Berner M, Beghetti M, Ricou B, Rouge JC, Prêtre R, Friedli B. Relief of severe pulmonary hypertension after closure of
a large ventricular septal defect using low dose inhaled nitric oxide. Intensive Care Med. 1993;19:75–77.
Atz AM, Wessel DL. Inhaled nitric oxide in the neonate with cardiac disease. Semin Perinatol. 1997;21:441–455.
Atz AM, Munoz RA, Adatia I, Wessel DL. Diagnostic and therapeutic uses of inhaled nitric oxide in neonatal Ebstein’s
anomaly. Am J Cardiol. 2003;91:906–908.
Adatia I, Lillehei C, Arnold JH, Thompson JE, Palazzo R, Fackler JC, Wessel DL. Inhaled nitric oxide in the treatment of
postoperative graft dysfunction after lung transplantation. Ann Thorac Surg. 1994;57:1311–1318.
Wessel DL, Adatia I, Giglia TM, Thompson JE, Kulik TJ. Use of inhaled nitric oxide and acetylcholine in the evaluation
of pulmonary hypertension and endothelial function after cardiopulmonary bypass. Circulation. 1993;88(pt 1):2128–
2138.
Wessel DL, Adatia I. Clinical applications of inhaled nitric oxide in children with pulmonary hypertension. Adv
Pharmacol. 1995;34:475–504. 203. Limsuwan A, Wanitkul S, Khosithset A, Attanavanich S, Samankatiwat P.
Aerosolized iloprost for postoperative pulmonary hypertensive crisis in children with congenital heart disease. Int J
Cardiol. 2008;129:333–338. doi: 10.1016/j.ijcard.2007.08.084.
Singh R, Choudhury M, Saxena A, Kapoor PM, Juneja R, Kiran U. Inhaled nitroglycerin versus inhaled milrinone in
children with congenital heart disease suffering from pulmonary artery hypertension. J Cardiothorac Vasc Anesth.
2010;24:797–801. doi: 10.1053/j.jvca.2009.10.024.
Michelakis E, Tymchak W, Lien D, Webster L, Hashimoto K, Archer S. Oral sildenafil is an effective and specific
pulmonary vasodilator in patients with pulmonary arterial hypertension: comparison with inhaled nitric oxide.
Circulation. 2002;105:2398–2403. 215.
Barst RJ, Ivy DD, Gaitan G, Szatmari A, Rudzinski A, Garcia AE, Sastry BK, Pulido T, Layton GR, Serdarevic-Pehar M,
Wessel DL. A randomized, double-blind, placebo-controlled, dose-ranging study of oral sildenafil citrate in treatmentnaive children with pulmonary arterial hypertension. Circulation. 2012;125:324–334. doi: 10.1161/CIRCULATIONAHA.
110.016667.
Smith AM, Elliot CM, Kiely DG, Channer KS. The role of vasopressin in cardiorespiratory arrest and pulmonary
hypertension. QJM. 2006;99:127–133. doi: 10.1093/qjmed/hcl009.
Currigan DA, Hughes RJ, Wright CE, Angus JA, Soeding PF. Vasoconstrictor responses to vasopressor agents in human
pulmonary and radial arteries: an in vitro study. Anesthesiology. 2014;121:930–936. doi:
10.1097/ALN.0000000000000430.
Siehr SL, Feinstein JA, Yang W, Peng LF, Ogawa MT, Ramamoorthy C. Hemodynamic effects of phenylephrine,
vasopressin, and epinephrine in children with pulmonary hypertension: a pilot study. Pediatr Crit Care Med.
2016;17:428–437. doi: 10.1097/PCC.0000000000000716.
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PALS: RECOGNITION AND TREATMENT OF NON-ARREST ARRHYTHMIAS
Appendix C-13
2020 Evidence Update Worksheet
Drugs for supraventricular tachycardia (PLS 379: EvUp)
Worksheet author(s): Dianne Atkins, Arielle Levy
Council AHA
Date Submitted:
PICO / Research Question: "In infants and children with supraventricular tachycardia with a pulse (P), does the use
of any drug or combination of drugs (I)
compared with adenosine(C), improve outcomes (O)?"
Outcomes: termination of rhythm, survival
Type (intervention, diagnosis, prognosis): Intervention
Additional Evidence Reviewer(s):
Conflicts of Interest (financial/intellectual, specific to this question): None
Year of last full review: 2010 / 2015 / New question: 2010
Last ILCOR Consensus on Science and Treatment Recommendation:
Recommendations—For infants and children with SVT with a palpable
pulse, adenosine should be considered the preferred medication. Verapamil may be
considered as alternative therapy in older children but should not be routinely used in
infants. Procainamide or amiodarone given by a slow IV infusion with careful hemodynamic
monitoring may be considered for refractory SVT.
2010 Search Strategy
MEDLINE: “Supraventricular Tachycardia” or “Paroxysmal Atrial Tachycardia”
Limited to: 2003 to current, further limited to “All Child (0-18 years)” – 512 hits.
Titles, abstracts reviewed, 43 articles felt to be relevant to topic
MEDLINE: MeSH headings, “Tachycardia, Supraventricular”
Limited to: 2003 to current, further limited to “All Child (0-18 yearss)” – 526 hits
Titles, abstracts reviewed, no additional articles felt to be relevant to topic
ECC ENDNOTE MASTER LIBRARY: “Tachycardia” OR “Supraventricular”
Limited to: 2003 or later –194 hits
Titles reviewed, no additional relevant articles
COCHRANE DATABASE “Supraventricular Tachycardia” – 5 hits, 1 article relevant to topic.
EMBASE: “Supraventricular
Tachycardia”
or “Paroxysmal
Atrial
Tachycardia”
Downloaded
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18, 2020
Limited to: 2003 to current – 109 hits.

Titles, abstracts reviewed, an additional 4 articles relevant to topic.
2019 Search Strategy
1. 2019 Search Strategy:(((((((("tachycardia, supraventricular"[MeSH Terms] OR ("tachycardia"[All Fields] AND
"supraventricular"[All Fields]) OR "supraventricular tachycardia"[All Fields] OR ("tachycardia"[All Fields] AND
"supraventricular"[All Fields]) OR "tachycardia, supraventricular"[All Fields]) AND ("tachycardia"[MeSH Terms]
OR "tachycardia"[All Fields])) AND ("adenosine"[MeSH Terms] OR "adenosine"[All Fields])) OR ("tachycardia,
supraventricular/drug therapy"[Mesh Terms] AND ("verapamil"[MeSH Terms] OR "verapamil"[All Fields]))) OR
("tachycardia, supraventricular/drug therapy"[Mesh Terms] AND ("amiodarone"[MeSH Terms] OR
"amiodarone"[All Fields]))) OR ("tachycardia, supraventricular/drug therapy"[Mesh Terms] AND
("procainamide"[MeSH Terms] OR "procainamide"[All Fields]))) OR ("tachycardia, supraventricular/drug
therapy"[Mesh Terms] AND ("sotalol"[MeSH Terms] OR "sotalol) AND infant* OR baby OR baby* OR babies OR

toddler* OR minors OR minors* OR kid OR kids OR child OR child* OR children* OR schoolchild* OR schoolchild OR school
child[tiab] OR school child*[tiab] OR adolescent* OR juvenile* OR youth* OR teen* OR under*age* OR pubescent* OR
pediatrics[mh] OR pediatric* OR paediatric* OR peadiatric* OR school[tiab] OR school*[tiab)]

Database searched: PubMed
Date Search Completed: 11/20/2019
Search Results (Number of articles identified / number identified as relevant): 124/6
Inclusion/Exclusion Criteria: Inclusion: IV administration, Fetal arrhythmias and fetal treatment, case reports < 10
patients, oral administration, chronic therapy, post-operative therapy
Link to Article Titles and Abstracts (if available on PubMed):

1. Amiodarone versus procainamide for the acute treatment of recurrent supraventricular
tachycardia in pediatric patients.
Chang PM, Silka MJ, Moromisato DY, Bar-Cohen Y.
Circ Arrhythm Electrophysiol. 2010 Apr;3(2):134-40. doi: 10.1161/CIRCEP.109.901629. Epub 2010 Mar 1.

PMID:20194798

2. Use of adenosine in the treatment of supraventricular tachycardia in a pediatric emergency
department.
Díaz-Parra S, Sánchez-Yañez P, Zabala-Argüelles I, Picazo-Angelin B, Conejo-Muñoz L, Cuenca-Peiró V, Durán-Hidalgo I,
García-Soler P.
Pediatr Emerg Care. 2014 Jun;30(6):388-93. doi: 10.1097/PEC.0000000000000144.

PMID:2484927
3. Treatment of supraventricular tachycardia in infants: Analysis of a large multicenter database.
Chu PY, Hill KD, Clark RH, Smith PB, Hornik CP.
Early Hum Dev. 2015 Jun;91(6):345-50. doi: 10.1016/j.earlhumdev.2015.04.001. Epub 2015 Apr 28.

PMID:25933212

4. Acute Management of Refractory and Unstable Pediatric Supraventricular Tachycardia.
Lewis J, Arora G, Tudorascu DL, Hickey RW, Saladino RA, Manole MD.
J Pediatr. 2017 Feb;181:177-182.e2. doi: 10.1016/j.jpeds.2016.10.051. Epub 2016 Nov 29.

PMID:
27912926
5. Efficacy of Intravenous Sotalol
for Treatment of Incessant Tachyarrhythmias in Children.
Downloaded from www.aappublications.org/news by guest on November 18, 2020
Li X, Zhang Y, Liu H, Jiang H, Ge H, Zhang Y.

Am J Cardiol. 2017 May 1;119(9):1366-1370. doi: 10.1016/j.amjcard.2017.01.034. Epub 2017 Feb 10.

PMID: 28283175
6 . Intravenous sotalol for the management of postoperative junctional ectopic tachycardia.
Valdés SO, Landstrom AP, Schneider AE, Miyake CY, de la Uz CM, Kim JJ.
HeartRhythm Case Rep. 2018 May 30;4(8):375-377. doi: 10.1016/j.hrcr.2018.05.007. eCollection 2018 Aug. No abstract available.

PMID: 30116712

Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and
scoping reviews.
Relevant Guidelines or Systematic Reviews None
Organisation
(if relevant);
Author;
Year
Published

RCT: None
Study
Acronym;
Author;
Year Published

Guideline or
systematic
review

Topic
addressed or
PICO(S)T

Key findings

Treatment
recommendations

Aim of Study;
Study Type;
Study Size (N)

Patient
Population

Study
Intervention
(# patients) /
Study
Comparator
(# patients)

Endpoint Results
(Absolute Event
Rates, P value; OR
or RR; & 95% CI)

Study Aim:

Inclusion
Criteria:

Intervention:

1° endpoint:

Study Type:

Nonrandomized Trials, Observational Studies
Study
Study
Patient
Population
Acronym;
Type/Design;
Author;
Study Size (N)
Year Published
Chang

Number of
articles
identified

Comparison:

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

Inclusion:
Study Type:Downloaded from
1° endpoint:
www.aappublications.org/news by guest on November 18, 2020
Criteria:
Retrospective

Relevant 2°
Endpoint (if
any);
Study
Limitations;
Adverse
Events
Study
Limitations:

Summary/Conclusion
Comment(s)

Small study, retrospective,
initial treatment, no

Circ Arrhythm
Electrophysiol
2010
{Chang 2010
134}

Observational
N=37

Patients with ECG
documentation of
SVT with
orthodromic
reciprocating
tachycardia (with an
accessory
connection), (AVRT)
intraatrial re-entry
tachycardia (IART) or
ectopic atrial
tachycardia (AET).
Atrioventricular
node re-entry
(AVNRT) was
excluded

Treatment response: Conversion
of tachycardia to NSR, 3
categories:
1. Immediate, within 60 minutes
of start of administration for ORT
and IART. For AET, rate reduction
of 20% and absolute heart rate <
180 bpm.
2. Late conversion: > 60 minutes
but< 4 hours after initiation and
without other therapy.
Persistence: No response or
immediate recurrence.
Treatment efficacy:
Full, Conversion within 60
minutes- 4 hours without
recurrences unless drug not
administered
Partial: Arrhythmia controlled with
clinical improvement
Failure: No response
Median age 34 days, 40 episodes
of SVT
Amiodarone 26 episodes
Procainamide 14 episodes

comparison with adenosine.
Patients all hospitalized and
treatment overseen by
pediatric electrophysiologists.
Procainamide more effective
than amiodarone.

Amiodarone 5% full success
19% partial success
56% failure
Procainamide 50% full
21% Partial
29% Failure
P = 0.029 for full
P = 0.46 full and partial success
Adverse events were common but
did not differ (amiodarone = 28
events, procainamide 22 events)
Common adverse events were
hypotension, bradycardia, QRS
prolongation, AV block, ventricular
ectopy.

Diaz-Parra
Pedia Emerg
Care
2014
{Diaz-Parra
2014 388}

Retrospective,
observational
N= 26 (44 episodes)

Pts < 14 years
presenting to
pediatric emergency
department, tertiary
hospital.

Median age 3.1 years
39 episodes treated with
adenosine,75% converted to NSR
30% with 1 dose, 41% with 2 doses
and 24% with 3 doses.

Treatment failures treated
with cardioversion, betablocker, amiodarone, and/or
cardioversion.
No direct comparison with any
other drug.

Chu, early
Human Dev.
2015
[Chu 2015 345}

Retrospective,
observational from
Pediatrix Medical
Group database 19982012
N=1379 with abortive
therapy

All infants who
received SVT therapy
during first 120 days
of life.

1239/1379 received adenosine.
(90%) 143/1379 (10%) were
cardioverted. Response to
therapy not reported.

Acute therapy defined as
treatment on day 1, did not
distinguish from IV or po.
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Lewis J Peds
2017
{Lewis 2017
177}

Retrospective
observational series
Tertiary care children’s
hospital
N = 179, 152 episodes
not refractory (134
patients)

All patients with
acute episode of
SVT. Excluded those
with congenital heart
disease, atrial flutter,
atrial fibrillation

Li, Am J Cardiol
2017
[Li 2017 1366}

Retrospective,
observational
N=66

-IV sotalol
-Infants and children
with refractory SVT
N=60, includes AVRT
and Atrial
tachycardia.
Pediatric Cardiology
Unit, tertiary care
center in China

Valdes Heart
Rhythm, 2018
{Valdes 2018
375}

Retrospective,
observational
N=21(only 9 with SVT).
Remainder with AFIB,
AFL, VT

-IV sotalol
-All infants and
children < 21 at 2
tertiary care
pediatric cardiac
units.

Conversion with first dose of
adenosine in 72/128 episodes
(56%)
Conversion with 2nd dose 27/54
(50%)
Infants 33 episodes (18%) Vagal
maneuvers successful in 48%
episodes.
Adenosine with first dose 1/17
Second dose 6/16 conversion with
second dose.
AVRT 17/30 (57%) patients
converted within 30 + 28 minutes.
Atrial tachycardia 24/36 (67%)
converted within 12 minutes to 23
hours. Time difference had p =
0.001.

No documentation if refractory
episodes related to non-reentrant mechanisms. No
discussion of method of
administration.

8/9 SVT converted with 1 bolus of
sotalol. 1 pt required second
bolus\median time to conversion
33 minutes (IQR 18-102 minutes).

All patients in ICU or ED with
continuous telemetry.
All 9 patients had failed
adenosine.

All patients treated on a
cardiology unit,
echocardiogram prior to
administration.
No hypotensive events
observed.
QTc interval increased from
342 + 27 ms to 376 = 28 ms,
range 320-500 ms

Reviewer Comments (including whether meet criteria for formal review): Since 2010, 6 articles were identified that
fit the inclusion and exclusion criteria. All are retrospective observational studies. None directly compared adenosine
to other intravenous drugs. Three articles found that intravenous adenosine is highly effective (64%-90%) at
terminating SVT in children with the first 2 doses and with minimal adverse events. Several articles looked at a
variety of drugs for the treatment of adenosine-resistant SVT. Most commonly these included procainamide,
amiodarone and the newly released intravenous preparation sotalol. Procainamide and amiodarone are both
moderately effective at terminating resistant SVT, with procainamide performing better than amiodarone in one
study. Although the initial reports on intravenous sotalol are encouraging, experience with this drug outside of ICUs
and with pediatric cardiac electrophysiology oversight is extremely limited.
There is no indication to change the 2010 guideline for acute treatment of SVT.
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Appendix C-14
2020 Evidence Update Worksheet
Drugs for unstable tachycardia (PLS 409: EvUp)

Worksheet author(s): Arielle Levy, Diane Atkins
Council AHA
Date Submitted: November 2019
PICO / Research Question:
PLS 409 (2010)-Drugs for unstable tachycardia (SVT or wide complex)
Among infants and children who are in unstable ventricular tachycardia in any setting (P), does any
drug or combination of drugs (I) compared with electrical cardioversion (C) change outcome (O)?
Outcomes:
-Termination of rhythm
-Survival
Type (intervention, diagnosis, prognosis) : Intervention
Additional Evidence Reviewer(s): Atkins
Conflicts of Interest (financial/intellectual, specific to this question): None
Year of last full review: 2010 / 2015 / New question: 2010
PLS 409 (2010)
PICO 030 and PICO 031
Last ILCOR Consensus on Science and Treatment Recommendation:
PICO-030:
In infants and children with unstable ventricular tachycardia (pre-hospital and in-hospital) (P), does the use of any
drug/combination of drugs/ intervention (eg. cardioversion) (I) compared with no drugs/intervention (C) improve outcome (eg,
termination of rhythm, survival) (O)?

Unstable VT Peds-030
Consensus on Science—There is insufficient evidence to support or refute the efficacy of electric
therapy over drug therapy or the superiority of any drug for the emergency treatment of unstable VT in
the pediatric age group.
Treatment Recommendation—It is reasonable to use synchronized electric
cardioversion as the preferred first therapy for pediatric VT with hypotension or evidence of
poor perfusion. If drug therapy is used to treat unstable VT, amiodarone may be a reasonable choice, with
careful hemodynamic monitoring performed during its slow delivery.
Knowledge Gaps—What is the optimal dose of energy for synchronized cardioversion during treatment of unstable VT in
pediatric patients?
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2010/2015 Search Strategy:
PICO-030
Pub Med: Tachycardia > mesh wide complex mesh children (<18 years) and treatment mesh Pre hospital "Tachycardia/drug
therapy"[MAJR] "wide complex" Limits: Humans, All Child: 0-18 years "Tachycardia/drug therapy"[Mesh] Limits: Humans,
All Child: 0-18 years in hospital
Text words: Malignant wide complex tachycardia; children <18; drug therapy in wide complex tachycardia in children <18
AHA End note Master Library; Cochrane data base for systemic reviews; Central Register of Controlled Trials EMBASE and
Google scholar employed same text for searches.
Previous reviews conducted for 2005 guidelines & ACLS worksheets. Hand
searches of bibliographies of reviewed papers.

2019 Search Strategy: limit search to 1/1/2008 to 15/11/2019 (current) for observational studies and RCTs only (do not include
case studies) using PUBMED

Database searched: PubMED

Date Search Completed: November 15, 2019
Search Results (Number of articles identified / number identified as relevant): 330/7
-Guidelines and systematic reviews
-RCTs
-Nonrandomized Trials, Observational Studies
( "Tachycardia/adverse effects"[Mesh] OR "Tachycardia/complications"[Mesh] OR "Tachycardia/drug therapy"[Mesh] OR
"Tachycardia/mortality"[Mesh] OR "Tachycardia/therapy"[Mesh] ) AND ( Review[ptyp] OR Clinical Trial[ptyp] OR MetaAnalysis[ptyp] OR Guideline[ptyp] OR Observational Study[ptyp] OR Randomized Controlled Trial[ptyp] OR systematic[sb] ) AND
( "2008/01/01"[PDat] : "2019/12/31"[PDat] ) AND Humans[Mesh] AND ( infant[MeSH:noexp] OR child, preschool[MeSH] OR
child[MeSH:noexp] OR adolescent[MeSH] )
Review, Clinical Trial, Meta-Analysis, Guideline, Observational Study, Randomized Controlled Trial, Systematic
Reviews, Publication date from 2008/01/01 to 2019/12/31, Humans, Infant: 1-23 months, Preschool Child: 2-5
years, Child: 6-12 years, Adolescent: 13-18 years.
AND"Electric Countershock/adverse effects"[Mesh] OR "Electric Countershock/mortality"[Mesh] OR "Electric Countershock/organization
and administration"[Mesh] OR "Electric Countershock/therapeutic use"[Mesh] OR "Electric Countershock/therapy"[Mesh] )
AND ( Review[ptyp] OR Clinical Trial[ptyp] OR Meta-Analysis[ptyp] OR Guideline[ptyp] OR Observational Study[ptyp] OR
Randomized Controlled Trial[ptyp] OR systematic[sb] ) AND ( "2008/01/01"[PDat] : "2019/12/31"[PDat] ) AND Humans[Mesh]
AND ( infant[MeSH:noexp] OR child, preschool[MeSH] OR child[MeSH:noexp] OR adolescent[MeSH] )
Review, Clinical Trial, Meta-Analysis, Guideline, Observational Study, Randomized Controlled Trial, Systematic
Reviews, Publication date from 2008/01/01 to 2019/12/31, Humans, Infant: 1-23 months, Preschool Child: 2-5
years, Child: 6-12 years, Adolescent: 13-18 years.
Titles and abstracts reviewed: 9 left to be relevant
NO studies comparing drug therapy to electrical cardioversion for supraventricular tachycardia, ventricular tachycardia,
unstable tachycardia (SVT or VT)
Inclusion/Exclusion Criteria:
Inclusion criteria:
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● Children < 18 with wide complex tachycardia or SVT pre-hospital or in-hospital treated or not treated with drugs.

Exclusion criteria:
● Age >18; tachycardia other than wide complex and SVT.
● Single case reports citing positive results, review articles, editorials/letters to the editor, studies with exclusively adult
populations (>18 years)
● Fetal and neonatal (< 1 month of age)

Link to Article Titles and Abstracts (if available on PubMed):

1.[An analysis of clinical characteristics and acute treatment of supraventricular tachycardia in children from a
multicenter study].
Li XM, Ge HY, Liu XQ, Shi L, Guo BJ, Li MT, Jiang H, Zhang Y, Liu HJ, Zheng XC, Li AJ, Zhang YY.
Zhonghua Er Ke Za Zhi. 2018 Jan 2;56(1):13-18. doi: 10.3760/cma.j.issn.0578-1310.2018.01.005. Chinese.
PMID: 29342991
Similar articles
2. Amiodarone versus procainamide for the acute treatment of recurrent supraventricular tachycardia in

pediatric patients.
Chang PM, Silka MJ, Moromisato DY, Bar-Cohen Y.
Circ Arrhythm Electrophysiol. 2010 Apr;3(2):134-40. doi: 10.1161/CIRCEP.109.901629. Epub 2010 Mar 1. PMID:20194798

3. Efficacy of Intravenous Sotalol for Treatment of Incessant Tachyarrhythmias in Children. Li X,
Zhang Y, Liu H, Jiang H, Ge H, Zhang Y.
Am J Cardiol. 2017 May 1;119(9):1366-1370. doi: 10.1016/j.amjcard.2017.01.034. Epub 2017 Feb 10.
PMID: 28283175
4. Early experience with intravenous sotalol in children with and without congenital heart disease.
Valdés SO, Miyake CY, Niu MC, de la Uz CM, Asaki SY, Landstrom AP, Schneider AE, Rusin CG, Patel R, Lam
WW, Kim JJ.
Heart Rhythm. 2018 Dec;15(12):1862-1869. doi: 10.1016/j.hrthm.2018.07.010. Epub 2018 Jul 10.
PMID: 30003959
Free PMC Article
Similar articles
5. Comparing the efficacy of intravenous adenosine and verapamil in termination of acute paroxysmal supra v
entricular tachycardia.
Gill BU, Bukhari SN, Rashid MA, Saleemi MS, Zaffar MZ.
J Ayub Med Coll Abbottabad. 2014 Jan-Mar;26(1):29-31.
PMID: 25358211
Similar articles
6. Current management of focal atrial tachycardia in children: a multicenter experience.
Kang KT, Etheridge SP, Kantoch MJ, Tisma-Dupanovic S, Bradley DJ, Balaji S, Hamilton RM, Singh AK, Cannon
BC, Schaffer MS, Potts JE, Sanatani S.
Circ Arrhythm Electrophysiol. 2014 Aug;7(4):664-70. doi: 10.1161/CIRCEP.113.001423. Epub 2014 Jul 11.
PMID: 25015944
Similar articles
7. Use of adenosine in the treatment of supraventricular tachycardia in a pediatric emergency department. DíazParra S, Sánchez-Yañez P, Zabala-Argüelles I, Picazo-Angelin B, Conejo-Muñoz L, Cuenca-Peiró V, Durán-Hidalgo I,
García-Soler P.
Pediatr Emerg Care. 2014 Jun;30(6):388-93. doi: 10.1097/PEC.0000000000000144.
PMID:2484927
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8. Acute Management of Refractory and Unstable Pediatric Supraventricular Tachycardia.

Lewis J, Arora G, Tudorascu DL, Hickey RW, Saladino RA, Manole MD.
J Pediatr. 2017 Feb;181:177-182.e2. doi: 10.1016/j.jpeds.2016.10.051. Epub 2016 Nov 29.
PMID: 27912926
Similar articles

Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and scoping
reviews.

Relevant Guidelines or Systematic Reviews: NONE

Organisation
(if relevant);
Author;
Year Published

Guideline
or
systematic
review

Topic
addressed
or
PICO(S)T

Number
of articles
identified

Key findings
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Treatment
recommendatio
ns

RCT: NONE
Study
Acronym;
Author;
Year Published

Aim of
Study; Study
Type; Study
Size (N)

Study Aim:

Patient
Population

Inclusion
Criteria:

Study
Interventio
n (#
patients) /
Study
Comparato
r
(# patients)
Intervention

Study

:

Type:

Compariso

Endpoint
Results
(Absolute Event
Rates, P value;
OR or RR; & 95%
CI)

Relevant 2°
Endpoint (if any);
Study
Limitations;
Adverse Events

1° endpoint:

Study Limitations:

n:

Nonrandomized Trials, Observational Studies
Study
Acronym;
Author;
Year Published

AMIODARONE
Li XM,
cma.j.issn.
Chinese.
2018
{Li 2018
13}

Study
Type/Design;
Study Size (N)

Patient
Population

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

Summary/Conclusi
on Comment(s)

Study Type:

Inclusion
Criteria: Children
who received IV
antiarrhythmic
drug therapy for
SVT from July
2014 to February
2017
Clinical and
tachycardia
features
Response to
intravenous
antiarrhythmic

1° endpoint:
Age at onset
The onset of SVT occurred
at any age: positive
skewness 57.6% (n=148)
children<1 year
17.5% (n=45)
children1~<3 years
10.5% (n=27) children
3~<6 years
14.4% (n=37) children ≥
6 years of age

Article in Chinese, only
abstract
available
Intravenous antiarrhythmic
drug therapy has a 63.8%
complete termination rate

multicenter
prospective
descriptive
study
n=257

SVT types
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Incidence of adverse
effects is 3.5%.
Propafenone and amiodarone
are more effective for SVT
termination in children than
adenosine.

drug therapy

49.4% (n=127) AVRT
4.3 % (n=11) AVNRT
26.8 % (n=69)
unclassified paroxysmal
SVT
19.5% (n=50) AT
Complete termination
of SVT by antiarythmic
drug
Complete
termination 164 of
257 (63.8%)
Partial
termination
18.7% (48 of
257)
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Serious adverse effects may
occur when using
propafenone.

-

-

-

-

AMIO AND
PROCAINAMID
E
Chang
Circ
Arrhythm
Electrophysio
l 2010
{Chang 2010
134}

Study
Type:
Retrospectiv
e
Observation
al N=37

Failure to
terminate rate
17.5% (45 of
257)
Propafenone
(complete
cardioversion in
98
(73.1%) of 134)
AND Amiodarone
(complete
cardioversion in
23
(76.7%) of 30)
showed better
efficacy for SVT
termination than
adenosine
(complete
cardioversion in
26
(44.1%) 59)
(χ(2)=20.524,
P=0.00 0)
Children<1 year of
age least response
to antiarrhythmic
drug therapy with
complete
termination in 51
(55.4%) of 92.
Adverse effects
occurred in 9
patients (3.5%): 4
patients had severe
hypotensive shock
using propafenone
(n=3) and
adenosine (n=1),
and 3 patients had
sinus arrest using
adenosine.

Inclusio
1° endpoint:
n:
Treatment
response:
Criteria:
Patients with
Conversion of tachycardia
ECG
to NSR, 3 categories:
documentation
1. Immediate, within 60
of SVT with
minutes of start of
orthodromic
administration for ORT
reciprocating
and IART. For AET, rate
tachycardia
(with
reduction
of on
20%
and 18, 2020
Downloaded from www.aappublications.org/news
by guest
November
an accessory
absolute heart rate < 180

Small study, retrospective,
initial treatment, no
comparison with adenosine.
Patients all hospitalized and
treatment overseen by
pediatric
electrophysiologists.
Procainamide more
effective than
amiodarone.

connection),
(AVRT)

bpm.

intraatrial reentry
tachycardia
(IART) or
ectopic atrial
tachycardia
(AET).
Atrioventricula
r node re-entry
(AVNRT) was
excluded

2. Late conversion: > 60
minutes but< 4 hours
after initiation and
without other therapy.
Persistence: No response
or immediate recurrence.
Treatment efficacy:
Full, Conversion within
60 minutes- 4 hours
without recurrences
unless drug not
administered
Partial: Arrhythmia
controlled with clinical
improvement
Failure: No response
Median age 34 days,
40 episodes of SVT
Amiodarone 26
episodes
Procainamide 14 episodes
Amiodarone 5% full
success
19% partial
success
56% failure
Procainamide 50% full
21% Partial
29%
Failure P = 0.029 for full
P = 0.46 full and
partial success
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Adverse events were
common but did not
differ (amiodarone = 28
events, procainamide
22 events) Common
adverse events were
hypotension,
bradycardia, QRS
prolongation, AV block,
ventricular ectopy.

SOTALOL
Li American
Journal of

Study Type:

Inclusion Criteria: 1° endpoint:

Retrospective,

Infants and

Cardiology
2017

observational
IV Sotalol for

children with
refractory SVT

{Li 2017
1366}

incessant SVT
N=83

Safety and efficacy of
sotalol
to terminate pediatric
tachycardias in patients
with
normal cardiac function
when

(AVRT and Atrial
tachycardia) who
received IV
sotalol

other antiarrhythmics
have failed.

OR
IV Sotalol plus
IV Propafenone

35/83 given >=1
antiarrhythmic drugs
(including
propafenone,
digoxin, amiodarone,
and verapamil),
mean
number of drugs=
2.5/patient, to terminate
tachycardia without
success before the start
of IV sotalol.

Pediatric
Cardiology Unit,
tertiary care
center in China
2011-2014

-30 AVRT
- 5 VT
Cardioversion before
sotalol: Persistent AVRT
and persistent AT
(some conversion to
sinus rhythm was
successful, but sinus
rhythm did not persist or
the cardioversion failed
Max number of
attempts= 2 per patient
No cardioversion after
sotalol If cardioversion

Summary/Conclusion
Comment(s)

Success rates for IV sotalol for
different arythmias=similar
Time to conversion differed
(Shortest time for AVRT vs
AT or AF)
IV sotalol can be safely and
effectively used to terminate
pediatric tachycardias in
patients with normal cardiac
function.
No proarrhythmic or
significant toxicities were
detected.
Close monitoring of QTc
and heart rate is required
after IV sotalol.
Adding IV propafenone to IV
sotalol in resistant cases
enhance conversion
Unclear how many received
cardioversion, but we can
extrapolate that 35 received
cardioversion which failed
or recurred and were given
sotalol following
cardioversion.

Sotalol could be an
alternative if cardioversion
failed by
or guest
recurred
went18, 2020fails
Downloaded from www.aappublications.org/news
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onto sotalol IV

AVRT 17/30 (57%)
patients converted
within 30 + 28 minutes.
Atrial tachycardia
24/36 (67%)
converted within 12
minutes to 23 hours
Time difference had p
=0.001
No hypotensive
events observed
QTc interval increased
342 + 27 ms to 376 + 28
ms, range
320-500 ms
Valdes Heart
Rhythm
2018
{Valdes 2018
1962}

Study Type:

Inclusion Criteria

1st endpoint

Retrospective
study
N= 47

All pediatric

Arrhythmia type

patients receiving 40 patients SVT
IV sotalol
7 patients VTach
Efficacy of IV sotalol
use
Among 24 patients
receiving
IV sotalol for an active
arrhythmia, acute
termination was
achieved in 21 (88%).
Adverse effects
No patient required
discontinuation of IV
sotalol secondary to
adverse effects,
proarrhythmia, or QT
prolongation

VERAPAMIL
Gill
J Ayub Med
Coll
Abbottabad.
2014
{Gill 2014
29}

Study Type:

Experimental
prospective
study from
08/2008 –
02/2010.

Inclusion
Criteria

1st endpoint

Summary/Conclusion
Comment(s)

Small study, only 24/47
received sotalol
IV sotalol

-

effective
antiarrhythmic option
for pediatric
patients

-

may be an
excellent agent for
acute termination
of active
arrhythmias

-

Well tolerated, with
no patient requiring
discontinuation
secondary to
adverse effects

Summary/Conclusi

on Comment(s)
Patients were divided in
Children with
two groups:
Although, both the drugs
with PSVT
Group A were treated
have high efficacy,
treated with
with adenosine
adenosine is more effective
adenosine or
Group B patients
than verapamil for
verapamil
received verapamil
termination of PSVT
N=120 patients
The efficacy of
adenosine was proven
amongby56
(93%)
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vs verapamil in 43

(71%) patients

The results were
statistically significant
(p-value <0.05)
BETA-BLOCKE
RS
Kang Circ
Arrhythm
Electrophysi
ol 2014
{Kang 2014
664}

Study Type:

Retrospective
chart review, 10
centers
2000-2010
N=249 patients

Inclusion
Criteria

Pediatric
patients with
FAT (focal atrial
tachycardia)
managed
between
January 2000
and
November 2010
at
10
pediatric
centers

1st endpoint

N=249 patients
Resolution of FAT
occurred in 89%,
including spontaneous
resolution without
catheter ablation in
34%.
Antiarrhythmic
medications were used
for initial therapy in 154
patients with control of
FAT in 72%.
Among first-line
medications, β-blockers
were the most common
(53%) and effective
(42%).

Summary/Conclusi
on Comment(s)

Focal atrial tachycardia (FAT)
is an uncommon cause of
supraventricular tachycardia
in children.
Incessant FAT can
lead to tachycardiainduced
cardiomyopathy
There is limited information
regarding the clinical course
and management of FAT
This study characterizes
current
management
strategies for FAT in children
including the
prevalence of
spontaneous resolution
and the role of catheter
ablation.
More importantly it
highlights the successful
use of beta blockers for this
type of SVT

ADENOSINE,
CARDIOVERSI
O
N
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Diaz-Parra
Pedia Emerg
Care 2014
{Diaz-Parra 2014
388}

Study Type:

Retrospectiv
e,
observationa
l N= 26

Inclusion
Criteria Pts < 14

years presenting
to tertiary care
pediatric
emergency
department in
SVT between
January 2007 to
December
2011

1st endpoint
44 episodes, 26
patients Median
age 3.1 years
-No adenosine in 5
patients (11%)
- 39 patients treated
with adenosine,75%
converted to NSR
30% with 1 dose
41% with 2 doses
24% with 3 doses
-10/39 patients
(25%) did not respond
to adenosine:
- 4 patients
received Ablockers
- 3
received
amiodar
one
- 2 had to
be
cardiover
ted
- 1 received
amiodarone
plus
cardioversio
n
Mean adenosine (SD)
dose that reverted SVT
to normal sinus rhythm:
173 (84) µg/kg

Summary/Conclusi
on Comment(s)

Most of the patients with
SVT episodes require
treatment with more than 1
dose of adenosine
Adenosine effectiveness
75%
Doses higher than the
usually described in the
guidelines are necessary to
revert SVT
Higher doses of
adenosine should perhaps
be considered especially
in young infants
Only 3 patients received
cardioversion among the 10
patients who did not
respond to adenosine and it
was not specified whether
they were unstable or not.
No direct comparison to
other drugs or cardioversion
and other drugs.

Mean (SD) number of
doses administered
was 1.7 (0.8)
(range, 1-4).

Lewis
Study Type:
Journal of Peds Retrospective
2017
{Lewis 2017
177}

cohort study
(single
center)
N=134 patients

Inclusion Criteria

Patients 0-18
years
of age without
congenital heart
disease who
presented to our
pediatric hospital

1st endpoint
179 SVT episodes in
134
patients

Summary/Conclusion
Comment(s)

Cessation of SVT:
-First dose of adenosine
was
effective in 72 (56%)

age is associated with
decreased
response to the first dose of
adenosine and increased odds
of
adenosine-refractory SVT

-Second dose was
effective

In children with SVT, young
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from January
2003
to December
2012

in 27 of 54 (50%)
-27 (15%) episodes
had refractory SVT

for the treatment

The response to the first
dose
of adenosine increased

of acute SVT

In the treatment of unstable
SVT, medical management
with

various antiarrhythmics before

cardioversion may have a role
in
proportionally with age
a subset of patients.
(OR 1.13, 95% CI 1.05-1.2) Synchronized cardioversion
Only 1/17 episodes in
rarely is performed for acute
infants
responded to the first dose SVT.
of
adenosine
Refractory SVT was more
frequent in infants vs older
children (χ2 = 5.9 [1 df],
P = .01).
Spontaneous cessation of
SVT occurred in 24 (13%)
Age was not associated
with
spontaneous cessation (OR
0.9, 95% CI 0.75-1.07)
Vagal maneuvers
109 (61%) episodes
successful in 27 (25%)
Application of ice to the
face
and blowing in a blocked
straw were the most
successful vagal
maneuvers

Adenosine:
A first dose of adenosine
was administered in
128/134
- Conversion to sinus
rhythm occurred in
72 (56%)
The mean first dose of
adenosine administered
was
0.1-0.03 mg/kg, with a
range
of 0.05-0.25 mg/kg. Six
patients aged 4-10 years
received a substandard first
dose of adenosine (0.050.09
mg/kg), 3 of whom
converted
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to sinus rhythm

The conversion to sinus
rhythm after the first dose of
adenosine increased
proportionally
A second dose of
adenosine
54 episodes, with
conversion
to sinus rhythm 27 (50%)
The mean second dose of
adenosine administered
was 0.2-0.07 mg/kg
(range
0.1-0.48 mg/kg).
Refractory SVT:
27/179 = 15%
23/27 = 85%
additional adenosine
12/27 still refractory:
2 cardioversion
Most frequently
anti-arrhythmic
medications refractory
SVT:
- digoxin and
propranolol in
infants (<1 years
of age)
- amiodarone
and
procainamide
in
older
children
Unstable SVT was
present in 13/134 and was
treated with adenosine
and antiarrhythmics.
Synchronized
cardioversion was
performed on 3 patients, 2
patients with unstable
SVT, and 1 with refractory
SVT

Reviewer Comments (including whether meet criteria for formal review):
Since 2010, 9 articles were identified that fit the inclusion and exclusion criteria. All are retrospective observational studies. None
directly compared cardioversion to other intravenous drugs. Few pediatric patients with refractory SVT or unstable SVT or VT are
from www.aappublications.org/news by guest on November 18, 2020
included in the studies, because the Downloaded
incidence is
quiet low.
Several articles looked at a variety of drugs for the treatment of adenosine-resistant SVT. These include procainamide, amiodarone and

sotalol. Procainamide and amiodarone are both moderately effective at terminating resistant SVT. In refractory cases, there is currently
insufficient data to support the use of IV Sotalol for terminating SVT when other antiarrhythmic drugs fail, when cardioversion fails or
for unstable tachyarrhythmias, although there are emerging studies demonstrating its safety and effectiveness. Prior consultation with a
pediatric cardiologist for sotalol use and close monitoring of QTc and heart rate is required following administration of IV sotalol.
There is no indication to change the 2010 guideline for treatment of unstable VT or SVT.
Knowledge Gaps—What is the optimal dose of energy for synchronized cardioversion during treatment of unstable VT in pediatric
patients? Is there an advantage to use drug therapy such as amiodarone, procainamide or sotalol in lieu of cardioversion for unstable
tachycardia?
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Appendix C-15
2020 Evidence Update Worksheet
CPR for Heart Rate <60/min (PLS 1535: EvUp)

Worksheet author(s): Biarent
Council: ERC
Date Submitted:
PICO / Research Question: PLS 1535 (ERC RR25)
Among infants and children who are in cardiacarrest(P), does starting CPR if they haveaheart rate of<60 bpmwith symptomsofshockand
withapalpablepulse(I)comparedtostartingCPRforpatientswithaheartrateof<60andno palpable pulse (C) change outcome (O)??

Adjusted:
P: infants and children who havesevere bradycardia and/or very low-flow state, regardlessofhaving or not having apulse, in any setting
I: performing chest compressions
C: 1/ not performing chest compressions
2/ using a certain cut-off to start chest compressions
O: all
Type: intervention
Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later) that
concern directly the population and intervention described above.
STEP1:Randomizedcontrolledtrials(RCTs)andnon-randomizedstudies (non-randomizedcontrolledtrials,interruptedtimeseries,controlled before-andafter studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case series are included if
they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference abstracts, trial protocols) are
excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above but
considered informative as additional evidence – takingintoaccount severe indirectness- for the final evaluationofthewriting group’s conclusions
regarding the implications for practice and research.
Timeframe: For STEP 1, allyears and alllanguagesareincluded, as long as thereis an English abstract. Ifin Step 0 areview, guidelineor COSTR of high quality
is withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in case ofahigh-quality
review, guideline or COSTR, search can belimitedtobeyond dates and/orscope ofthat

AdditionalEvidenceReviewer(s):Maconochie–VandeVoorde
Conflicts of Interest (financial/intellectual, specific to this question):
Year of last full review: NEW

2019 Search Strategy:

Database searched: Pubmed - Embase
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Date Search Completed: 1 DEC 2019

Used terms

•
•

bradycard*, low-flow, pulse, compression*; either as individualterm(ti,ab,kw) orrelated MESHTerm; combinedusing Bolean operators;
after2010
specific blocks defined for certain indicators:
o paediatric:todefinethe‘paediatricpopulation’weusedthepredefinedBMIblock(https://blocks.bmi-online.nl)
o cardiac arrest: CPR/cardiacarrest:“lifesupportcare” [MESH] OR“lifesupport”[TIAB] ORcardiopulmonary resuscitation [MESH]
OR “cardiopulmonary resuscitation” [TIAB] OR ROSC [TIAB] OR “return of spontaneous circulation” [TIAB] OR heart arrest
[MESH] OR “cardiac arrest” [TIAB]
To exclude animal studies: NOT (animals [mh] NOT humans [mh])
Toexclude NOT"Letter"[Publication Type] OR"Editorial"[Publication Type] OR“Comment"[Publication Type])
ForEmbaseweprefilteredtoavoidMedlineduplicatesbyusing[embase]/limNOT([embase]/limAND[medline]/lim)
o Cardiacarrest:(resuscitation:ti,ab,kwOR'resuscitation'OR'resuscitation'/expORresuscitationOR'heart'OR 'heart'/exp ORheart)
AND(arrest:ti,ab,kw OR'heart'OR'heart'/exp ORheart)AND ('arrest' OR'arrest'/exp OR arrest)

o
o

•

Search Results (Number of articles identified / number identified as relevant): 684 / STEP 0:-

STEP 1: 2 observational studies
STEP 2: 2

Key Themes:
Theme 1: chest compressions in children with palpable pulse but very low-flow state
Theme 2: chest compressions in children with bradycardia below 60/’ and cardiorespiratory failure
Theme 3: the timing of chest compressions in these patients

Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex:studiesprimarilyconcerningALSinterventions;adultoranimalstudies(step1);letters,editorialsor comments; unpublished studies
(e.g., conference abstracts, trialprotocols), no Englishabstract; Newbornat Delivery

Link to Article Titles and Abstracts for 2019 search (if available on PubMed):
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Summary of Evidence Update:
Non-RCT OR OBSERVATIONAL Study type/design; Study size (N)
(acronym); Author; Year Published
1. Khera 2019 370
Multisite prospective observational
study from Large cohort
USA Registry ‘Get with the
guidelines resuscitation ’GWTG-R’
Between 2000-2016; n=5592

Results primary endpoints
(P value; OR or RR; & 95% CI)

Patient Population
(inclusion criteria)
3 groups:
1.Bradycardia requiring CPR
without progression to
pulselessness (n=1930)
2.Bradycardia requiring CPR
with subsequent progression to
pulselessness (+ time to)
(n=869)
3.Initial pulselessness atthe
time of CPR initiation (n=2793)

Excluding trauma, neonates,
preceding OHCA
The more common first pulseless rhythm was either PEA or asystole
and was more common in the group with bradycardia and subsequent
pulselessness compared with patients with initial pulseless events
(89.5% versus 84.5%; P<0.001). The median age among children in
the group with bradycardia without pulselessness was 7 months, 1.1
years among those with bradycardia and subsequent pulselessness,
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and 2.3 years for those with primary pulselessness events (P<0.001).
Survival to discharge
Initialpulselessness (survival37.5%)compared withto Bradycardia
without pulselessness (survival70%): RR 0.53 [95% CI, 0.51–0.56]; P
<0.001).
Bradycardia progressing to pulselessness (survival 30,2%) compared
with Initial pulselessness comparison: RR 0.81 [95% CI, 0.70–0.93]; P
=0.004.
SubgroupPEA/Asystoleatthetime ofthepulselessness:subsequent
pulselessness (survival 31.4%); initially pulseless (survival 36.1%); RR,
0.84 [95% CI, 0.72–0.98]; P =0.03
Subgroup VT/VF: subsequent pulselessness (survival 20.2%)initially
pulseless (survival45.1%); RR, 0.47 [95% CI, 0.31–0.71]; P<0.001
Patients with bradycardia and subsequent pulselessness compared
withbradycardiawithoutpulseless:(RR,0.43[95%CI,0.38–0.50];P
<0.001
For thesubgroup Bradycardiawith poor perfusion and CPRinitiation
who progresses to pulseless: time to pulseness
37.1% became pulseless within 2 minutes of CPR initiation
31.6% between 2 and 5 minutes
31.3% after 5 minutes.
Survival at discharge for the subgroup Bradycardia with poor
perfusion and CPR initiation who progresses to pulselessness with
regards of time to pulselessness:
Initial pulseless between 2 and 5 minutes from the onset of
bradycardia and CPR: Survival at discharge 25.2% compared to
pulseless within 2 minutes fromthe onset of bradycardia and CPR
initiation: Survival at discharge 47% - adjusted RR, 0.53 [95% CI,
0.40–0.69]; P<0.001)
Children who became pulseless after 5 minutes from the onset of
bradycardia and CPR: Survival at discharge 17.7% (adjusted RR, 0.41
[95% CI, 0.31–0.53]; P <0.001)

Summary/Conclusion - Comments

2. Donoghue 2009 1541

Survival at dischargefor thesubgroup Children initially pulseless
comparedwith patientswithbradycardia andno pulselessness RR,
0.53 [95% CI, 0.51–0.56]; P <0.001
The best outcome in this cohort was found in the population of
children who became bradycardic, receive CPR but never became
pulseless.
Children with bradycardia andpoor perfusion and who lose their
pulse despite resuscitation attempts are at particularly highrisk of
death. The longer the time between the initiation of CPR for
bradycardia with pulse and poor perfusion and the loss of their pulse,
the worst the chance of survival.
However, ashorter interval between bradycardia and the onset of
cardiac arrest gives a better outcome than when alonger period of
bradycardia,desaturationandhypoperfusionprecedescardiacarrest.

Overall, despite the large sample, this study can only be regarded as
verylowcertaintyevidence(duetoindirectnessandimprecision)
All children <18y (mean age 3.2
Prospective multisite observational
study-from
Large
cohort Registry
y) who
sustained
Downloaded
www.aappublications.org/news
by guest
on November
18, aclinical
2020
event that required

American Heart Association
National Registry of CPR
Investigators ‘NRCPR’ 2000-2008;
n=3342

Results primary endpoints
(P value; OR or RR; & 95% CI)

chest compressions for >2
minutes;In-hospitalsetting;
Comparison between children
with bradycardia with poor
perfusion versus children with
pulseless arrest

excluding:
Newborn in delivery room,
preceding OHCA, children with
shockable rhythm as first
rhythm
TotalcohortROSC:65%-24-hoursurvival:47%, Survival to hospital
discharge 30%.
Non-pulseless group n=1853; ROSC: n=1387 (75%); 24-hour survival: n
= 1048 (57%); Survival to hospital discharge: n = 755 (41%)
Pulseless group (asystole/PEA) n=1489; ROSC n = 788 (53%); 24-hour
survival: n= 530 (36%); Survival to hospital discharge: n= 365 (25%)
Never became pulseless n = 1169 (63%); ROSC: n = 1081/1169 (92%);
24-hour survival: n= 1842/1130 (75%) (Unknown: n= 39); Survival to
hospital discharge: n = 620/1169 (53%)
Progressed to asystole/PEA n = 479 (26%); ROSC: n = 208/479 (43%);
24-hour survival : n = 141/468 (30%) (Unknown: n = 11); Survival to
hospital discharge : n = 94/479 (20%)
Progressed to VF/pVT n= 139 (7.5%); ROSC : n= 33/66 (41%)
(Unknown: n = 73); 24-hour survival : n = 25/65 (38%) (Unknown: n =
74); Survival to hospital discharge : n= 13/66 (20%) (Unknown: n=
74)
Progressed to VF/pVT at any point during resuscitation n=305;
Survival to discharge 43 (14%) of 305 compared with 1077 (35.5%) of
3037 among patients who never developed subsequent VF/VT
(P<.0001).
Survival to discharge rates for patients who presented with
bradycardia and poor perfusion (22 [18%] of 118) versus patients
who presented with asystole/PEA(13 of 185 [7%]; P<.005).
Multivariate analysis for survival at discharge
Event duration 15 to <35 min (versus >15 min) p<.0001 OR 0.37
(0.30–0.45)
Event duration >35 min (versus >15 min) p<.0001 OR 0.21 (0.16–0.27)
Subsequent VF/PVT p = .0010 OR 0.54 (0.37–0.78)
Bradycardia with pulse (vs asystole/PEA) p <.0001 OR 1.57 (1.29–
1.90)
Survival to Discharge Stratified According to Age Group
Age-Bradycardia/PoorPerfusion,n/N(%)-Asystole/PEA,n/N(%)-P
Newborn
262/738 (36) 77/301 (26)
.0020
Infant
336/648 (52) 131/398 (33)
<.0001
Child (1 to 8 y) 118/288 (41)
84/366 (23)
<.0001
Older child (>8y) 39/179 (22)
73/424 (17)
.1870
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Summary/Conclusion - Comments

Initiation of CPRfor bradycardia with pulse and poor perfusion is
significantly associated with survival to discharge, however the
clinical outcomes among patients who progress to a pulseless state
after CPR was initiated for bradycardia with poor perfusion are worse
than for those who never become pulseless as well as those who had
CPR initiated for an initial state of asystole or PEA.
Overall survival to discharge among patients with subsequent VF/VT
(developed at some points of the resuscitation) was also worse than
survival in patients who never developed subsequent VF/pVT.
An event duration of more than 15 minutes was also associated with
worse course.
Newborns, infants, and children who were younger than 8 years and
received CPR that was initiated for bradycardia with pulses and poor
perfusion had improved survival to discharge but no difference was
observed for children who were older than 8 years.
Overall, despite the large sample, this study can only be regarded as
verylowcertaintyevidence(duetoindirectnessandimprecision)

STEP 2: BACKGROUND
-

Gilhooley 2019 27 observed the progress of vital signs after withdrawal of resuscitation measures in 82
patients offering organ donation after circulatory arrest (aged 4 years to 76 years, median age 52 y).
Time from withdrawal of life-sustaining treatments to circulatory arrest varied from 4 to 185 min, with
a mean time of 28.5 min. A terminal deterioration in saturations (from an already low baseline)
commenced 14 min prior to circulatory arrest, followed by a blood pressure fall commencing 8 min prior
to circulatory arrest, and finally arapid fall in heart rate commencing 4 min prior tocirculatory arrest

-

Kleinman 2010, S888 AHA guidelines 2010 recommended for infants or children with bradycardia (<60
beats per minute) and cardiorespiratory compromise despite effective ventilation with oxygen, to start
CPR regardless of the fact if there was a palpable pulse or not. Therewas no evidence reported to
support this recommendation.

-

Harm by performing CPR is discussed in the PICOST on recognition of cardiac arrest. The BLS TF will also
explore this in a scoping review.

Reviewer Comments (including whether meet criteria for formal review):

Ithasalwaysbeentakenforgrantedthatbradycardiawithsignsofpoorperfusion,evenwithpalpablepulse,shouldbe
treated byimmediateCPR.This recommendationwas in itselfnot supportedbyany evidence (Kleinman 2010 S888,De
Caen 2015 s177, Maconochie2015223). In2006,Nadkarni(Nadkarni200650) observedthat18%ofchildrenwho
receivedCPRwereatthe early stageofnon-pulselessbradycardiabefore becomingpulselesswhereas only 2%ofadults
were not pulseless whenCPR was initiated.Heunderlinedthatsurvivalatdischargeafterpulselesseventsinthecategory
asystole/PEAwerebetterinchildren (24%) than in adults (11%) and considered the possibility that these results could be
attributable to an early aggressive approach of children who experienced bradycardia with poor perfusion.
Outcomes from hypoxic cardiac arrest are clearly worse than those of arrests of ‘primary ‘cardiac origin’. It is likely that
hypoxic cardiacarrestpatientshavealreadysufferedveryseverehypoxicbraindamagebythetimeofcardiacstandstill.
Inarrested heart organdonors, after withdrawal oflife-sustaining care, the first observedphysiologicalsteps are
desaturation and hypoperfusion preceding bradycardia. This phase preceding terminal deterioration may last between a
few minutes to 3 hours. Bradycardia
onlyfrom
occurs
during a final terminal
and precedes
death only by minutes.
Downloaded
www.aappublications.org/news
by guestphase
on November
18, 2020

The studies of Khera (Khera 2019, 370) and Donoghue (Donoghue 2019,1541) showed that children who received CPR for
bradycardia with pulses and poor perfusion had better outcomes than children who suffered immediate cardiac arrest (asystole or
PEA) and received CPR. Altogether, outcomes were the best in the population of children who became bradycardic, received CPR
butnever became pulseless. The longerthetimebetween theinitiationof CPR for bradycardiawithpulse and poor perfusion
and the actual loss of pulse, the lower the chance of survival.
There are currently no publications discussing the initiation of chest compressions in children with a very low-flow shock state
but without bradycardia (including for instance supraventricular tachycardia).
Theevidencebaseislimited,however-giventhatthishasnotyetbeenevaluatedatanypointinthelast15years-thecurrent
lack of any formal ‘COSTR’ could be an argument for a formal review.
Reference list

1. KheraR,TangY,GirotraS,NadkarniVM,LinkMS,RaymondTT,GuerguerianAM,BergRA,ChanPS;AmericanHeart

Association’s
Get With the Guidelines-Resuscitation Investigators. Pulselessness After Initiation of Cardiopulmonary Resuscitation for
Bradycardia in HospitalizedChildren. Circulation. 2019 Jul 30;140(5):370-378.
2. DonoghueA,BergRA,HazinskiMF,PraestgaardAH,RobertsK,NadkarniVM;AmericanHeartAssociationNational Registryof
CPRInvestigators.Cardiopulmonaryresuscitationforbradycardiawithpoorperfusionversuspulseless cardiac arrest.
Pediatrics. 2009 Dec;124(6):1541-8.
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Appendix C-16 & C-17
2020 Evidence Update Worksheet
Drugs for the Treatment of bradycardia (PLS 1538: EvUp)

Worksheet author(s): Brissaud
Council: ERC
Date Submitted:
PICO / Research Question: PLS 1538 (ERC RR13.1)
Among infants and children who are bradycardic (P), does the use of a minimum dose of atropine (!), as compared with a weight-based dose of
atropine (C) change outcome (O)?)?

Adjusted:
P Among infants and children who are bradycardic for any reason
I: does the use of atropine at a specific dose
C: not using or at a different dose
O: all
T: intervention

Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later) that
concern directly the population and intervention described above.
STEP1:Randomizedcontrolledtrials(RCTs)andnon-randomizedstudies(non-randomizedcontrolledtrials,interruptedtimeseries,controlled before- andafter studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case series are
included if they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference abstracts, trial
protocols) are excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above
but considered informative as additional evidence – taking into account severe indirectness- for the final evaluation of the writing group’s
conclusions regarding the implications for practice and research.
Timeframe: For STEP 1, allyears and all languages are included, as long as thereisanEnglishabstract. Ifin Step 0areview, guidelineor COSTR of high
quality is withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in case ofa
high-quality review, guideline or COSTR, search can belimitedtobeyonddates and/orscopeof that

Additional Evidence Reviewer(s): Biarent – Van de Voorde
Conflicts of Interest (financial/intellectual, specific to this question): _ Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: PLS 52 (atropine vs epinephrine)
Consensus on Science
Evidencefrom1LOE 3studyof in-hospitalpediatriccardiacarrest537observedan improvedoddofsurvivalto dischargeforthosepatientswhoreceived atropinebased
onmultivariateanalysis,whereastheuseofepinephrinewasassociatedwithdecreasedoddsofsurvival. AnotherlargeLOE3study538 demonstrated no association
between atropineadministration and survival.
In1LOE5adultcaseseries,5396of8patientsincardiacarrestwhodidnotrespondtoepinephrinedidrespondtoatropinewithachangetoaperfusing rhythm; 3
survived to hospital discharge. An LOE 5 retrospective
observedthata smallbynumber
ofNovember
asystolic patients
Downloadedadult
from review540
www.aappublications.org/news
guest on
18, 2020who failed to respond to epinephrine did
respond to atropine, but none

survived to hospital discharge.
Four LOE 5adult studies541–544 showed abenefit of atropinein vagally mediated bradycardia. Onesmall LOE 4pediatriccaseseries545 showed that atropine ismore
effectivethan epinephrinein increasing heartrateand bloodpressureinchildren with post–cardiacsurgicalhypotension and bradycardia (Bezold-Jarisch reflex
mediatedbradycardia).
FourLOE5adult542,546–548and4LOE5animal549–552studiesshowednobenefitfromatropineusedtotreatbradycardiaorcardiacarrest.OneLOE5 animal
study553 did show a benefit of atropine when used withepinephrine in cardiac arrest.

Treatment Recommendations
Epinephrinemaybeusedforinfantsandchildrenwithbradycardiaandpoorperfusionthatisunresponsivetoventilation andoxygenation.Itisreasonableto administer
atropine for bradycardia caused by increased vagal tone or cholinergic drug toxicity. Thereisinsufficient evidence to support or refute the routine use of atropine for
paediatric cardiac arrest

2010 Search Strategy: /
Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):
537. MeaneyPA,NadkarniVM,CookEF,TestaM,HelfaerM,KayeW,
LarkinGL,BergRA.Highersurvivalratesamongyoungerpatientsafter pediatric
intensivecareunitcardiacarrests.Pediatrics.2006;118:2424–2433.
538. ReisAG,NadkarniV,PerondiMB,GrisiS,BergRA.Aprospective
investigation into the epidemiology of in-hospital pediatric cardiopulmonary
resuscitation using the international utstein reporting style.
Pediatrics. 2002;109:200 –209.
539. BrownDC,LewisAJ,CrileyJM.Asystoleanditstreatment:the
possibleroleof the parasympathetic nervous system incardiac arrest.
JACEP. 1979;8:448–452.
540. Stueven HA, Tonsfeldt DJ, Thompson BM, Whitcomb J, Kastenson E,
AprahamianC.Atropineinasystole:humanstudies.AnnEmergMed.
1984;13:815– 817.
541. YilmazO,EserM,SahinerA,AltintopL,YesildagO.Hypotension,
bradycardiaandsyncopecausedbyhoneypoisoning.Resuscitation.
2006;68:405– 408.
542. Brady WJ, Swart G, DeBehnke DJ, Ma OJ, Aufderheide TP. The
efficacy of atropine in the treatment of hemodynamically unstable bradycardia and
atrioventricular block: prehospital and emergency
department considerations. Resuscitation. 1999;41:47–55.
543. SmithI,MonkTG,WhitePF.Comparisonoftransesophagealatrial
pacingwithanticholinergicdrugsforthetreatmentofintraoperative
bradycardia. Anesth Analg. 1994;78:245–252.
544. ChaddaKD,LichsteinE,GuptaPK,KourtesisP.Effectsofatropinein patients
with bradyarrhythmia complicating myocardial infarction: usefulness ofan
optimum dose foroverdrive. Am J Med. 1977;63:503–510.
545. FullertonDA, St Cyr JA, ClarkeDR, Campbell DN, Toews WH, See WM.
Bezold-Jarischreflexinpostoperativepediatriccardiacsurgical patients.
Ann Thorac Surg. 1991;52:534 –536.
546. Chow LT, Chow SS, Anderson RH, Gosling JA. Autonomic innervation of the
human cardiac conduction system: changes from infancy to senility–an
immunohistochemicalandhistochemicalanalysis.AnatRec. 2001;264:169 –
182.
547. CoonGA,ClintonJE,RuizE.Useofatropineforbrady-asystolic
prehospitalcardiacarrest.AnnEmergMed.1981;10:462–467.
548. Iseri LT, Humphrey SB, Siner EJ. Prehospital brady-asystolic cardiac arrest.
Ann Intern Med. 1978;88:741–745.
549. Angelos MG, Butke RL, Panchal AR, Torres CA, Blumberg A,
Schneider JE, Aune SE. Cardiovascular response to epinephrinevaries with
increasingdurationofcardiacarrest.Resuscitation.2008;77: 101–110.
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550. KaplanJL,GaoE,DeGaravillaL,VictainM,MinczakB,DalseyWC.
Adenosine
a1antagonismattenuatesatropine-resistanthypoxicbradycardia in rats. Acad

Emerg Med. 2003;10:923–930.
551. McCaul CL, McNamaraPJ,Engelberts D, Wilson GJ, Romaschin A,
Redington AN, Kavanagh BP. Epinephrine increases mortality after brief
asphyxialcardiacarrestinaninvivoratmodel.AnesthAnalg.
2006;102:542–548.
552. DeBehnke DJ, Swart GL, Spreng D, Aufderheide TP. Standard and higher
dosesofatropineinacaninemodelofpulselesselectrical activity. Acad
Emerg Med. 1995;2:1034 –1041.
553. BlecicS,ChaskisC,VincentJL.Atropineadministrationinexperimental
electromechanical dissociation. Am JEmerg Med. 1992;10:
515–518.

2019 Search Strategy:
Database searched: Pubmed - Embase
Date Search Completed: 1 DEC 2019
Used terms

•
•

•

Bradycard*- Bradyarrhythmia – atropine; either as individual term (ti,ab,kw) or related MESH Term; combinedusing Bolean operators
specific blocks defined for certain indicators:
o paediatric:todefinethe‘paediatricpopulation’weusedthepredefinedBMIblock(https://blocks.bmi-online.nl)
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o Toexclude NOT"Letter"[Publication Type] OR"Editorial"[Publication Type] OR“Comment"[Publication Type])
ForEmbaseweprefilteredtoavoidMedlineduplicatesbyusing[embase]/limNOT([embase]/limAND[medline]/lim)
o Cardiacarrest:(resuscitation:ti,ab,kwOR'resuscitation'OR'resuscitation'/expORresuscitationOR'heart'OR 'heart'/exp ORheart)
AND(arrest:ti,ab,kw OR'heart'OR'heart'/exp ORheart)AND ('arrest' OR'arrest'/exp OR arrest)

Search Results (Number of articles identified / number identified as relevant): 54 / STEP 0: 2 narrative
reviewsof low quality, thus notlimiting searchfor step 1
STEP 1: 1 article
STEP 2: 1 adult GL, 2 adult papers, 3 neonatal papers
Key Themes:
Theme 1: the use of atropine for bradycardia
Theme 2: the use of atropine specificallyfor bradycardia caused by increased vagal tone (or cholinergic drug intoxication)
Theme 3: the minimum dose of atropine to be used
Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex: studies primarily concerning congenital cardiomyopathy, ketamine analgosedation, specific intoxications; animal studies; letters,
editorials or comments; unpublished studies(e.g., conference abstracts, trial protocols), no English abstract; Newborn at Delivery

Atropine in emergency intubation is a separate PICOST (PLS 821)
from www.aappublications.org/news
by guest on November 18, 2020
Link to Article Titles and AbstractsDownloaded
for 2019 search
(if available on PubMed):
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Summary of Evidence Update:
GUIDELINE OR SYST. REVIEW? Topics addressed or PICO(S)T
(Organisation); Author; Year
Published
1. Baruteau 2016 151
bradycardia in infants and children

# articles
identified
Narrative
review, not
applicable

Keyfindingspertopic:thebradycardiamostfrequentlytreatedissinusbradycardiaandisaddressedbymeansof
insuring adequate ventilation first, obtaining cardiac rhythm monitoring, intravenous access, and potentially utilizing an
exogenous catecholamine and/oratropine.
Narrative review not assessed by Amstar 2

2. Jat 2011 211

Arrhythmias in children

Narrative
review, not
applicable

Key findings per topic: The emergency treatment of bradycardia depends on its hemodynamic consequences(…) If
bradycardia is due to vagal stimulation or primary A-V block, give atropine 0.02 mg/kg IV/IO (minimum dose 0.1 mg;
maximumsingledose 0.5mgforchild and 1 mg for adolescent) or0.04 to 0.06 mg/kgthrough endotrachealtube.
Repeat dose in 5 min, if no response (maximum total dose, 1 mg for child and 2 mg for adolescent).

Non-RCT OR OBSERVATIONAL Study type/design; Study
(acronym); Author; Year Published size (N)
1. Eisa 2015 684
Prospective observational;
IV atropine (5 µg/kg) was
flushed into afastflowing IV.
Main outcomemeasures: the
incidence of bradycardiaand
arrhythmias as determined
from the ECGs by ablinded
observer.

Patient Population
(inclusion criteria)
unpremedicated healthy infants less than 15
kg, ASA 1 and 2, undergoing elective surgery
Exclusion criteria: infants with a history of
heart disease, any condition predisposing to
arrhythmia, obesity (>95th percentile for
age) and those taking a medication known to
influence the heart rate (eg, anticholinergics)

N = 60
Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

None of the infants in this study developed bradycardia, a decrease in heart
rate<80%ofbaseline,adecreaseinheartrateto<80bpmoradecreaseto
<60 bpm at any time after atropine, although the heart rate did transiently
decrease below baseline in three infants. Systolic and diastolic blood pressures,
haemoglobin oxygen saturation and end-tidal pCO2 did not change
substantivelyfrombaseline. Noadverse eventsoccurred duringthisstudy.
Themean(95% CI) dose of atropine was 40.9 (37.3 to 44) µg. Two infants
developed premature atrial contractions and one developed a premature
ventricular contraction. When compared with baseline values, heart rate
increased by 7% 30 safteratropine, 14% 1 min afteratropineand 25% 5 min
after atropine. Twenty-nineinfants (48%)experiencedtachycardia (>20%above
baselinerate)afteratropinelasting222.7s(range 27.9–286).Thechangein
heartrate 5 min after atropine was inverselyrelatedtothe baseline heartrate.
Although this study did not establish the minimum dose of atropine that
preventsortreatsbradycardia inyoung infantsand children, we foundthat5
µg/kg IV atropine is the ED50tocauseatachycardia(>20% above the baseline)
in infants anaesthetised with sevoflurane.

Downloaded from www.aappublications.org/news by guest on November 18, 2020

STEP 2 Background
-

-

-

-

The use of atropine for (emergency) intubation is further elaborated in a separate PICOST and will not
be repeated here
Theuse ofatropine inthetreatment of specific intoxications is beyond thescopeofthecurrent PICOST
Theadult guidelines onthe Evaluationand Management ofPatients with Bradycardia andCardiac
Conduction Delay in 2018 (Kusumoto 2018 e382; ACS/AHA) identified a place for atropine in among
other in patients with hemodynamically unstablesinus bradycardia and atrioventricular block, with
anaesthetic induced sinus bradycardia or other causes of bradycardia. In patients with sinus
bradycardia, atropine at dosages of 0.5 to 2 mg usually enhances automaticity, but in rare cases can be
associated withintra-atrialre-entry andorsinuspauses.Thesinoatrialnoderesponsetoatropineis
bimodal, lower doses (usually <0.5 mg) are associated with slower rates and acceleration with higher
doses. In addition, the authors specifically recommend not to use Atropine in case of bradycardia after
heart transplant.
A Chinese adult animal study evaluated the use of atropine in hypoxic bradycardia (Qian 2012 1070) and
found that atropine, althoughtemporarily improving the decrease of heartrate, decreases MAP and
accelerates the occurrence of cardiac arrest.
Sandhu et al (Sandhu 2010 258.e5) finally presented a case report of an 82y old woman with TakoTsubo
cardiomyopathy. She complained of worsening chest pain and developed new T-wave inversions on the
electrocardiogram after having received a dose of atropine. Although the pathogenesis of Takotsubo
cardiomyopathy is not completely understood, catecholamine-mediated myocardial stunning due to
enhancedsympathetic activity is themostwidely acceptedunderlying mechanism.Thewithdrawalof
parasympatheticdriveinsuchcasesshouldexacerbatesympatheticactivity, leadingtothe genesisor worsening of
diseaseactivity
Therisksofatropineinhigherdoses,whetherornotaspartofinductionmedication,hasbeen
describedinseveral‘neonatal’papers(Blanc19941,Gillick1974793,Oei2002146).

Reviewer Comments (including whether meet criteria for formal review):
There isno new published evidence that would suggest changes to the 2010 recommendations or warrant a new formal review.
Historically, a minimum dose of atropine of 0.1 mg has been recommended to avoid paradoxical decreases in heart rate seen at low dosages. A recent
observational study in infants could however not confirm this for doses as low as 5 mcg/kg. A significant increaseinheartratewasseenwithin5minutesof
thislowdose,tachycardiadevelopedinhalfofallchildrenandlastedfora fewminutes.Moreover,several‘neonatal’publicationshighlightedthe
potentialfor‘overdose’inchildrenweighinglessthan 5kg when a minimum dose of 0.1 mg would be applied.

Reference list

1. BaruteauAE,PerryJC,SanataniS,HorieM,DubinAM.Evaluationandmanagementofbradycardiainneonatesand children.
Eur J Pediatr. 2016; 175(2):151-61

2. Jat KR, Lodha R, Kabra SK. Arrhythmias in children. Indian J Pediatr. 2011;78(2):211-8
3. EisaL,PassiY,LermanJ,RaczkaM,HeardC.Dosmalldosesofatropine(<0.1mg)causebradycardiainyoungchildren? Arch Dis Child.
2015 Jul;100(7):684-8.
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Appendix C-18
2020 Evidence Update Worksheet
Emergency transcutaneous pacing for bradycardia (New question 2020: EvUp)
Worksheet author(s): Janice Tijssen
Council: AHA
Date Submitted: 12/3/2019
PICO / Research Question: n/a
Outcomes:
Type (intervention, diagnosis, prognosis): intervention
Recommendation: Emergency transcutaneous pacing may be lifesaving if the bradycardia is due to complete heart block
or sinus node dysfunction unresponsive to ventilation, oxygenation, chest compressions, and medications, especially if it
is associated with congenital or acquired heart disease (Class IIb, LOE C)
Additional Evidence Reviewer(s):
Conflicts of Interest (financial/intellectual, specific to this question): none
Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: none
2010/2015 Search Strategy: none
2019 Search Strategy:
1. Bradycardia [MeSH]: 25,870
2. AND cardiac pacing [MeSH]: 2648
3. Filtered by publication date, infant or child or adolescent, and humans not animals: 65
Database searched: Pubmed
Date Search Completed: November 15, 2019
Search Results (Number of articles identified / number identified as relevant): 65/2?
Inclusion/Exclusion Criteria: include child (<18 years), earliest publication date January 1, 2008
Link to Article Titles and Abstracts (if available on PubMed):
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and
scoping reviews.
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Relevant Guidelines or Systematic Reviews: none
Organisation
(if relevant);
Author;
Year
Published

RCT: none
Study
Acronym;
Author;
Year Published

Guideline or
systematic
review

Topic
addressed or
PICO(S)T

Number of
articles
identified

Key findings

Treatment
recommendations

Aim of Study;
Study Type;
Study Size (N)

Patient
Population

Study
Intervention
(# patients) /
Study
Comparator
(# patients)

Endpoint Results
(Absolute Event
Rates, P value; OR
or RR; & 95% CI)

Study Aim:

Inclusion
Criteria:

Intervention:

1° endpoint:

Study Type:

Nonrandomized Trials, Observational Studies
Study
Study
Patient
Acronym;
Type/Design;
Population
Author;
Study Size (N)
Year Published

Comparison:

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

Summary/Conclusion
Comment(s)

1° endpoint:
29 were treated with
only atropine
and/or isoprenaline while
one required cardiac
pacing in addition

1. Unknown whether
study included
pediatric patients
2. Only one patient
refractory bradycardia
and required pacing
(no comparison group)
3. Unable to obtain
study
1. one patient <18
years old, but this
patient did not receive
pacing.

Yellow oleander Study Type:
poisoning in
eastern
observational
province: an
analysis of
admission and
outcome1

Inclusion
Criteria:
yellow oleander
poisoning (YOP)
admitted to a
Poisoning Unit
23(± 0.43)yrs

Anti-N-methylD-aspartate
receptor
encephalitis: an
emerging cause
of centrally

Age range 17-33 Temporary pacing was
years
instituted in three
patients (2 received
atropine first)

Observational,
case series

Relevant 2°
Endpoint (if
any);
Study
Limitations;
Adverse
Events
Study
Limitations:
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mediated sinus
node
dysfunction.2

Reviewer Comments (including whether meet criteria for formal review):
Included studies do not have a comparator group and have extremely small number of patients (1 and 3, respectively)
who had refractory bradycardia requiring pacing. Both studies are primarily in adult patients, with unknown paced
patient’s age in 1st study and the 2nd study’s paced patients were not <18 years.
Reference list
1.
Pirasath S and Arulnithy K. Yellow oleander poisoning in eastern province: an analysis of admission and outcome.
Indian J Med Sci. 2013;67:178-83.
2.
Nazif TM, Vazquez J, Honig LS and Dizon JM. Anti-N-methyl-D-aspartate receptor encephalitis: an emerging cause
of centrally mediated sinus node dysfunction. Europace. 2012;14:1188-94.
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Appendix C-19
2020 Evidence Update Worksheet
Channelopathies (PLS 417: EvUp)
Worksheet author(s): Ravi Thiagarajan
Council AHA
Date Submitted: 1/2/2020
PICO / Research Question: Following unsuccessful attempts at resuscitation in previously healthy children and young adults (<50
yo) with cardiac arrest (P), does consideration of a channelopathy as the etiology of the arrest (I), as compared with standard
management (C), improve outcome (appropriate diagnosis and management, identification of at risk family members)
Outcomes:
Type (intervention, diagnosis, prognosis): diagnostic

Additional Evidence Reviewer(s):
Conflicts of Interest (financial/intellectual, specific to this question): None related to this topic
Year of last full review: 2010 / 2015 / New question: 2010
Last ILCOR Consensus on Science and Treatment Recommendation:
Consensus on Science—In 4 LOE 4 studies624–627 14% to 35% of young patients with
sudden, unexpected death had no abnormalities found at autopsy.
In 7 LOE 3 studies628–634 mutations causing channelopathies occurred in 2% to 10% of
infants with sudden infant death syndrome noted as the cause of death. In 1 LOE 3635 and 2
LOE 4636,637 studies 14% to 20% of young adults with sudden, unexpected death had no
abnormalities on autopsy but had genetic mutations causing channelopathies. In 4 LOE 4
studies,638–641 using clinical and laboratory (electrocardiographic, molecular-genetic
screening) investigations, 22% to 53% of first- and second-degree relatives of patients with
sudden, unexplained death had inherited, arrhythmogenic disease.
Recommendation—When sudden unexplained cardiac arrest occurs in
children and young adults, a complete past medical and family history (including a history
of syncopal episodes, seizures, unexplained accidents/drownings, or sudden death) should be
obtained and any available previous ECGs should be reviewed. All infants, children, and
young adults with sudden, unexpected death should, if possible, have an unrestricted,
complete autopsy, preferably performed by pathologists with training and expertise in
cardiovascular pathology. Consideration should be given to preservation and genetic
analysis of tissue to determine the presence of a channelopathy. It is recommended that
families of patients whose cause of death is not found on autopsy be referred to a healthcare
provider or center with expertise in cardiac rhythm disturbances.
2010/2015 Search Strategy: PubMed: Arrhythmia, Cardiac/*genetic/mortality: PubMed: sudden death AND channelopathy
2019 Search Strategy: Sudden death and channelopathy
Downloaded from www.aappublications.org/news by guest on November 18, 2020

Database searched: pubmed

Date Search Completed: 12/9/2019
Search Results (Number of articles identified / number identified as relevant):
Inclusion/Exclusion Criteria: Studies reporting genetic evaluation of victims of Sudden Death (SD). Sudden death included Sudden
Unexplained Death (SUD), Sudden Infant Death Syndrome (SIDS), Sudden Cardiac Death (SCD), Sudden Cardiac Arrest (SCA) and
Sudden Unexpected Death in Epilepsy (SUDEP); during 1/1/2010 through 12/1/2019 were included. Search was not limited by age
(509 articles)
Selected articles for review included those with sudden death and genetic screening for channelopathy (56 articles)
Evidence table contain studies reporting genetic evaluation in the context of channelopathy with a focus of utility of family screening (7
articles)

There were no randomized trials evaluating the benefit of family screening for channelopathy in failed resuscitation. Thus the
evidence is constructed using the utility of genetic screening in identifying “actionable information” or “genetic information” that may
useful in the diagnosis and prevention of SD in relatives. We also included the yield of genetic screening in families and relatives
regardless of whether a benefit was demonstrated.
Types of genetic testing, yield of screening, specific genes screened, interpretation of genetic mutations, and assigning pathogenicity
to mutations and variants varied widely among centers and in the published article. It is important to consider these issues in the
interpretation of genetic screening and issuing recommendations for routine screening. Furthermore, genetic screening
recommendations and interpretation requires the oversight of a cardiac genetics or inherited heart disease expert.

Link to Article Titles and Abstracts (if available on PubMed):
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and
scoping reviews.
Non-Randomized Trials, Observational Studies and/or Registries
Study Acronym;
Study
Patient
Summary/Conclusio
Primary
Author;
Type/Design;
Population
n Comment (s)
Endpoint and
Year Published
Study Size (n)
Results (Include
P value; OR or
RR; & 95% CI)
Scheiper, S et al
Observation
6 of 9 patients
Report does not
• 9 patients
(Reference #2)
study
had variants with provide results of
• 4 Females
2018
9 patients with
likely possible
genetic testing in
• Age: 15 – 44
SUD (Gender: 5
pathogenic
effect
family members or
y
M, 4 F)
associated with
relatives - but state
cardiomyopathy
that forensic
Inclusion:
or channelopathy screening may help
relatives of young
• SUD
Many genetic
SCD victims.
• Age < 45
variants are
• No autopsy
Class IIb, Level C-LD
resulted as VUS
evidence of
cause of SUD
• No structural
cardiac
abnormalities
but some had
LVH
• Post-mortem
Genetic
Screening
using blood
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samples

•

Hellenthal, N et
al.
(reference #3)
2016

Jimenez-Jaimez
et al
(reference #4)
2017
(Spanish
language
publication)

Massive
Parallel
Sequencing

Observational
study of SUD
Inclusion:
• SUD
• Age < 40
• No Plausible
cause on
autopsy
• No structural
or other
cardiac
abnormality
• Consent
• Blood
samples
• Relatives
offered
cardiac
evaluation
and genetic
testing
• Genetic
screening
using blood
samples
• Next
generation
panel
sequencing
• 174
candidate
genes tested

•
•
•
•

10 patients
5 Females
Age 19 – 40
y
6 Families
screened

•

•
•
•

8 of 10 SUD
had genetic
predispositio
n
3 of 8 had
pathogenic
mutations
5 had VUS
2 of 6
families
screened
had cardiac
disease

Suggests that there is
evidence (authors
suggest strong
evidence) for
postmortem genetic
testing in SUD and
genetic screening for
families
Class IIb, Level C-LD

Observational
This study is biased
• 56 patients
• Nonstudy of survivors • 70% genetic
by the selection of
survivors
and non-survivors
subjects with pre• h/o syncope
testing
of SCD
existing cardiac
7%
• 30 nondisease (history or
• Non-ischemic
• Channelopat
survivors
related SCD
hy diagnosis phenotypical
• Nonfeatures)
including
33%
survivors:
those
• Age 30.4
• Cardiomyopa
successfully
±13.9y
thy was more Suggests using a
protocol for
resuscitated
common in
• Male 80%
evaluation of SCD
• Non-survivors • h/o syncope
nonusing a rigorous
1. died < 24 h
survivors
7%
protocol including
after event; 2. • 80% cardiac
• 10 of 30
clinical and genetic
Referred for
families
had
diagnosis
evaluation had a
phenotype
genetic
• Channelopat
strong likelihood of
concerns for
diagnosis
hy diagnosis
yielding a diagnosis
inherited
• 3 definite
33%
cardiac
• 1 possible
Class IIb, Level C-LD
disease in
• 6 probable
• 298
(accounting for
relatives
individual
selection bias)
• Next
family
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generationDownloaded from
members
panel

Sequencing
or Sanger
Sequencing
used

Lahrouchi, N et
al.
(reference #5)
2017

•
•

•

•

Anastasakis A et
al
(reference #6)
2017

•

•

•

Observational
study of
SADS victims
SADS
included
Patients who
died < 1 h
after
symptoms or
known to be
well < 24 h
prior to death;
2. No cause
on autopsy;
3. No
Cardiomyopa
thy or LVH or
toxicology
Nextgeneration
sequencing
for 77 primary
electrical
disorder and
cardiomyopat
hy genes
tested
Combined
molecular
autopsy and
family
evaluation

•
•
•
•
•
•
•

with 113
affected
individuals
Nonsurvivors
302 SADS
subjects
Age 24 (1 –
64)y
Male 65%
h/o syncope
18%
family history
7%

•

•

•

40 (13%) of
302 cases
had
pathogenic
variant
Etiologies
included
CPVT (6%)
and LQTS
(4%)
Diagnostic
yield
increased
when
combining
family
evaluation
with
molecular
autopsy

Molecular autopsy
has some benefit in
evaluating families of
SADS victims. The
yield is be small but
may be important.
Whether discovery for
SAD victim lead to
evaluation of relatives
and whether a benefit
was present is not
addressed here.
Class IIb Level C-LR
This study is also
subject to selection
bias as 25% of
patients had history
syncope or family
history

This study does not
• 5 of 20
Observational • 63 SADS
provide specific
study of
subjects
(25%) had
information on what
clinical and
clinical
• 20 families
channelopathy or
genetic
evidence of
consented to
cardiomyopathy
families of
inherited CV
testing
genes were tests.
SADS victims • Age and
disease
Inclusion:
• All 5 families However the yield
gender not
seems similar to other
from 349
had a
described for
studies.
Sudden
pathogenic
this subset
Death (SD)
mutation
victims –
identified and Class 11b, Level C –
LD
SADS
confirmed in
patients
3 SADS
extracted
proband
using
victims.
standard
• Genetic
definition for
evaluation of
SADS
28 family
Families were
members
by guest
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affected
clinically and

•

those
affected
underwent
targeted
genetic
testing
Consent for
testing

carries, 8
non-affected
carriers

This study shows that
• 20 subjects
Population
• Of 20
the yield for a positive
based study
subjects
• 16 died
diagnosis is low, and
of cardio
• ARVC,
• 4
may require a
genetic
LQTS, ad
resuscitated
systematic approach
screening in
Brugada
• Age: 26 (1first and
syndrome,
40)y
second
Idiopathic VF Class 11b Level C-LD
• Symptoms
degree
in 4 subjects
25%
relatives of
•
Of 37
• Family
SCD or SUD
relatives
history 20%
victims (both
screened
• 37 relatives
dead and
14% (95%
of 12 victims
successfully
CI: 3 – 25%)
screened
resuscitated)
had a
• Inclusion: 1.
positive
Age 1 – 40 y
diagnosis
with SUD
including
• Cardio
Brugada
genetic
syndrome
screening of
and ARVC in
these victims
5 relative
SUD: sudden unexplained death; LVH: left ventricular hypertrophy; VUS of variants of unknown significance; SCD: Sudden cardiac
death; SADS: Sudden Arrhythmic Death Syndrome; CPVT: Catecholamine sensitive polymorphic ventricular tachycardia; LQTS: long
QT syndrome; CV cardiovascular
Hendrix A et al
(reference #7)
2011

•

A. References:
1. Ribeiro S, Coelho L, Puentes K, Miltenberger-Miltenyi G, Faria B, Calvo L, Primo J, Sanfins V, Lourenço A. Post mortem
genetic test, the clinical diagnosis is not fade with the death of the patient. Rev Port Cardiol. 2019 Jul;38(7):503-509. doi:
10.1016/j.repc.2018.12.004. Epub 2019 Sep 13. Review. English, Portuguese. PubMed PMID: 31522937.
Case series of 3 patients with known cardiac disease who had SCD thus not included in the evidence table. The manuscript is
in Portuguese Language with English translation available.
2. Scheiper S, Ramos-Luis E, Blanco-Verea A, Niess C, Beckmann BM, Schmidt U, Kettner M, Geisen C, Verhoff MA, Brion M,
Kauferstein S. Sudden unexpected death in the young - Value of massive parallel sequencing in postmortem genetic
analyses. Forensic Sci Int. 2018 Dec; 293:70-76. doi: 10.1016/j.forsciint.2018.09.034. Epub 2018 Oct 26. PubMed PMID:
30415094.
Case series of 9 patients with SUD and massive parallel sequencing identified 6/9 had variants of possible pathogenic
significance.
3. Hellenthal N, Gaertner-Rommel A, Klauke B, Paluszkiewicz L, Stuhr M, Kerner T, Farr M, Püschel K, Milting H. Molecular
autopsy of sudden unexplained deaths reveals genetic predispositions for cardiac diseases among young forensic cases.
Europace. 2017 Nov 1; 19(11):1881-1890. doi: 10.1093/europace/euw247. PubMed PMID:
29016939.
Clinical study of 10 cases of SUD and 8 of 10 had genetic disposition with 3 patient had pathogenic variants and 2 of 6
families screened had actionable heart disease.
4. Jiménez-Jáimez J, Alcalde Martínez V, Jiménez Fernández M, Bermúdez Jiménez F, Rodríguez Vázquez Del Rey MDM,
Perin F, Oyonarte Ramírez JM, López Fernández S, de la Torre I, García Orta R, González Molina M, Cabrerizo EM, Álvarez
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Ruiz R, Correa
C, Tercedor L. Clinicalbyand
Diagnosis

Death. Rev Esp Cardiol (Engl Ed). 2017; Oct;70(10):808-816. doi: 10.1016/j.rec.2017.04.024. Epub 2017 May 26. English,
Spanish. PubMed PMID: 28566242.
Clinical study of genetic assessment in families of SCD - survivors had increased incidence of channelopathy whereas nonsurvivors had increased incidence of cardiomyopathy. 30 non-survivors proband families had genetic testing with 4 families
had channelopathy diagnosis. There is bias in the SCD subjects as these were selected based on a suspicion of inherited
cardiac disease.
5. Lahrouchi N, Raju H, Lodder EM, Papatheodorou E, Ware JS, Papadakis M, Tadros R, Cole D, Skinner JR, Crawford J, Love
DR, Pua CJ, Soh BY, Bhalshankar JD, Govind R, Tfelt-Hansen J, Winkel BG, van der Werf C, Wijeyeratne YD, Mellor
G, Till J, Cohen MC, Tome-Esteban M, Sharma S, Wilde AAM, Cook SA, Bezzina CR, Sheppard MN, Behr ER. Utility of PostMortem Genetic Testing in Cases of Sudden Arrhythmic Death Syndrome. J Am Coll Cardiol. 2017 May 2;69(17):2134-2145.
doi: 10.1016/j.jacc.2017.02.046. PubMed PMID: 28449774; PubMed Central PMCID: PMC5405216.
Clinical study of Genetic testing in 302 patients with SADS - 13% had pathogenic genes associated with CPVT (6%) and
LQTS (4%).
6. Anastasakis A, Papatheodorou E, Ritsatos K, Protonotarios N, Rentoumi V, Gatzoulis K, Antoniades L, Agapitos E, Koutsaftis
P, Spiliopoulou C, Tousoulis D. Sudden unexplained death in the young: epidemiology, aetiology and value of the clinically
guided genetic screening. Europace. 2018 Mar 1;20(3):472-480. doi: 10.1093/europace/euw362. PubMed PMID: 28177452.
Clinical study of SD and SADS in Greece found 18% with SADS inherited disease in 25% of SADS families on clinical
evaluation and in 3 of 5 victims.
7. Hendrix A, Borleffs CJ, Vink A, Doevendans PA, Wilde AA, van Langen IM, van der Smagt JJ, Bots ML, Mosterd A.
Cardiogenetic screening of first-degree relatives after sudden cardiac death in the young: a population-based approach.
Europace. 2011 May;13(5):716-22. doi: 10.1093/europace/euq460. Epub 2011 Jan 11. PubMed PMID: 21227947.
Clinical study of relatives of SCD and SUD showed low detection of inheritable disorders
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PALS: MANUAL DEFIBRILLATION
Appendix C-20
2020 Evidence Update Worksheet
Pad size, type and placement for pediatric defibrillation (PLS 378 and PLS 043: EvUp)
Worksheet author(s): De Lucas
Council: ERC
Date Submitted:
PICO / Research Question:
Among infants and children who are in cardiac arrest in any setting (P), does any specific paddle/pad
size/orientation and position (I), compared with standard resuscitation or other specific paddle/pad
size/orientation and position (C), change outcome (O)?
&
Among infants and children who are in cardiac arrest in any setting (P), does self-adhesive defibrillation pad use
(I), compared with paddle use (C), change outcome (O)?
Adjusted:
P: infants and children who are in cardiac arrest in any setting
I: 1/ the specific use of self-adhesive pads
2/ any specific paddle/pad size/orientation and position
C: 1/ the use of paddles
2/ any other paddle/pad size/orientation and position
O: all
Type: intervention
Study Designs:

STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or
later) that concern directly the population and intervention described above.
STEP 1: Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled
before-and-after studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case series
are included if they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference abstracts, trial
protocols) are excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above
but considered informative as additional evidence – taking into account severe indirectness- for the final evaluation of the writing group’s
conclusions regarding the implications for practice and research.

Timeframe: For STEP 1, all years and all languages are included, as long as there is an English abstract. If in Step 0 a review, guideline or COSTR
of high quality is withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in
case of a high-quality review, guideline or COSTR, search can be limited to beyond dates and/or scope of that

Additional Evidence Reviewer(s): Turner, Djakow
Conflicts of Interest (financial/intellectual, specific to this question): _
Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: PLS 29 & 43
Consensus on Science

One LOE 5 study in adults 255 demonstrated that shock success increased from 31% to 82% when pad size was increased from 8X8 cm to 12X12 cm. Three pediatric
LOE 4,256 –258 3 adult LOE 5,255,259,260 and 3 LOE 5 animal261–263 studies demonstrated that transthoracic impedance decreases with increasing pad size.
Downloaded
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Decreased transthoracic impedance increases
transthoracic
current and, thus, presumably,
transmyocardial current.

Consensus on Science

One pediatric LOE 4 study264 observed no difference in the rate of ROSC between antero-lateral and anterior-posterior electrode positions for shock delivery. One
pediatric LOE 2 study,256 2 adult LOE 5 studies,265,266 and 1 LOE 5 animal study263 demonstrated that
transthoracic impedance is not dependent on pad position. Transthoracic impedance was increased in 1 adult LOE 5 267 study by placing the pads too close
together and in 1 LOE 5 260 study when the pads were placed over the female breast. Additionally, 1 adult LOE 5 268 study
showed that placing the apical pad in a horizontal position lowers transthoracic impedance.

Treatment Recommendation

There is insufficient evidence to alter the current recommendations to use the largest size paddles/pads that fit on the infant or child’s chest without
touching each other or to recommend one paddle/pad position or type over another.

Consensus on Science

There are limited stud es comparing self-adhesive defibrillation pads (SADPs) with paddles in pediatric cardiac arrest. One pediatric LOE 4264 study demonstrated
equivalent ROSC rates when paddles or SADPs were used. One LOE 5 269 adult out-of-hospital cardiac arrest study suggested improved survival to hospital
admission when SADPs rather than paddles were used.
One adult LOE 5 270 study showed a lower rate of rhythm conversion, and 1 small adult LOE 5 271 study showed at least equivalent success with the use of SADPs
in comparison with paddles in patients undergoing cardioversion for atrial fibril- lation. Two adult LOE 5272,273 studies showed equivalent transthoracic
impedance with SADPs or paddles. One adult LOE 5 266 and 2 LOE 5 animal 274,275 studies showed that SADPs had a higher transthoracic impedance than
paddles.
One LOE 4276 study described difficulty with fitting self-adhesive pads onto the thorax of a premature infant without the pads touching. One LOE 5277 study
demonstrated the improved accuracy of cardiac rhythm monitoring follow- ing defibrillation using SADPs compared with the combination of paddles and gel pads.
Using standard resuscitation protocols in simulated clinical environments, 1 LOE 5 278 study found no significant difference in the time required to deliver shocks
using either SADPs or paddles, and 1 LOE 5 279 study found no significant difference in time without compressions when SADPs or paddles were used.

Treatment Recommendations

Either self-adhesive defibrillation pads or paddles may be used in infants and children in cardiac arrest.

2010 Search Strategy: /
Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):
255. Dalzell GW, Cunningham SR, Anderson J, Adgey AA. Electrode pad size, transthoracic impedance
and success of external ventricular defi- brillation. Am J Cardiol. 1989;64:741–744.
256. Atkins DL, Sirna S, Kieso R, Charbonnier F, Kerber RE. Pediatric defibrillation:
importance of paddle size in determining transthoracic impedance. Pediatrics. 1988;82:914
–918.
257. Atkins DL, Kerber RE. Pediatric defibrillation: current flow is improved by using “adult”
electrode paddles. Pediatrics. 1994;94:90 –93.
258. Samson RA, Atkins DL, Kerber RE. Optimal size of self-adhesive preapplied electrode
pads in pediatric defibrillation. Am J Cardiol. 1995;75:544 –545.
259. Kerber RE, Grayzel J, Hoyt R, Marcus M, Kennedy J. Transthoracic resistance in
human defibrillation. Influence of body weight, chest size, serial shocks, paddle size and paddle contact pressure. Circulation.
1981;63:676 – 682.
260. Pagan-Carlo LA, Spencer KT, Robertson CE, Dengler A, Birkett C, Kerber RE.
Transthoracic defibrillation: importance of avoiding electrode placement directly on the female
breast. J Am Coll Cardiol. 1996;27:449 – 452.
261. Hoyt R, Grayzel J, Kerber RE. Determinants of intracardiac current in defibrillation.
Experimental studies in dogs. Circulation. 1981;64: 818 – 823.
262. Pagan-Carlo LA, Birkett CL, Smith RA, Kerber RE. Is there an optimal electrode pad size to
maximize intracardiac current in transthoracic defibrillation? Pacing Clin Electrophysiol.
1997;20:283–292.
263. Killingsworth CR, Melnick SB, Chapman FW, Walker RG, Smith WM, Ideker RE, Walcott GP.
Defibrillation threshold and cardiac responses using an external biphasic defibrillator with
pediatric and adult adhesive patches in pediatric-sized piglets. Resuscitation. 2002;55:177–185.
264. Tibballs J, Carter B, Kiraly NJ, Ragg P, Clifford M. External and internal
biphasic direct current shock doses for pediatric ventricular fibrillation and pulseless
ventricular tachycardia. Pediatr Crit Care Med. 2010.
265. Garcia LA, Kerber RE. Transthoracic defibrillation: does electrode adhesive pad
position alter transthoracic impedance? Resuscitation. 1998;37:139 –143.
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266. Dodd TE, Deakin CD, Petley GW, Clewlow
F. External
in the left lateral
position–a comparison of manual paddles with self- adhesive pads. Resuscitation.

2004;63:283–286.
267. Caterine MR, Yoerger DM, Spencer KT, Miller SG, Kerber RE. Effect of electrode position and
gel-application technique on predicted trans- cardiac current during transthoracic
defibrillation. Ann Emerg Med. 1997;29:588 –595.
268. Deakin CD, Sado DM, Petley GW, Clewlow F. Is the orientation of the apical defibrillation
paddle of importance during manual external defi- brillation? Resuscitation. 2003;56:15–18.
269. Stults KR, Brown DD, Cooley F, Kerber RE. Self-adhesive monitor/ defibrillation
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2019 Search Strategy:
Database searched: Pubmed - Embase
Date Search Completed: 1 DEC 2019
Used terms
•

•

•

Pad*; paddle*; placement; impedance; either as individual term (ti,ab,kw) or related MESH Term; combined using Bolean
operators
specific blocks defined for certain indicators:
o paediatric: to define the ‘paediatric population’ we used the predefined BMI block (https://blocks.bmi-online.nl)
o cardiac arrest: CPR/cardiac arrest: “life support care” [MESH] OR “life support” [TIAB] OR cardiopulmonary
resuscitation [MESH] OR “cardiopulmonary resuscitation” [TIAB] OR ROSC [TIAB] OR “return of spontaneous
circulation” [TIAB] OR heart arrest [MESH] OR “cardiac arrest” [TIAB]
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o To exclude NOT "Letter"[Publication Type] OR "Editorial"[Publication Type] OR “Comment"[Publication Type])
For Embase we prefiltered to avoid Medline duplicates by using [embase]/lim NOT ([embase]/lim AND [medline]/lim)
o Cardiac arrest: (resuscitation:ti,ab,kw OR 'resuscitation' OR 'resuscitation'/exp OR resuscitation OR 'heart' OR
'heart'/exp OR heart) AND (arrest:ti,ab,kw OR 'heart' OR 'heart'/exp OR heart) AND ('arrest' OR 'arrest'/exp OR
arrest)

Search Results (Number of articles identified / number identified as relevant): 321
STEP 0: 1 GL
Downloaded from www.aappublications.org/news by guest on November 18, 2020
STEP 1: 1 animal randomised trial

STEP 2: 1 observational, 1 survey, 1 simulation
Key Themes
Theme 1: the use of self-adhesive pads vs paddles
Theme 2: size of pads and paddles
Theme 3: placement and location
Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex: studies primarily concerning other ALS interventions; non-shockable CA; children not in cardiac arrest;
letters, editorials or comments; unpublished studies (e.g., conference abstracts, trial protocols), no
English abstract; Newborn at Delivery
Link to Article Titles and Abstracts for 2019 search (if available on PubMed):

Summary of Evidence Update:
Topics addressed or PICO(S)T
GUIDELINE OR SYST. REVIEW?
# articles
(Organisation); Author; Year Published
identified
1. Maconochie, 2015, 223; paediatric ERC Theme 1-3
N/A
GL
Key findings per topic:
Theme 1: the use of self-adhesive pads vs paddles. Position the cardiac monitor leads or self-adhesive pads
soon as possible to enable differentiation between a shockable and a non-shockable cardiac rhythm.
Defibrillation paddles can be used to determine a rhythm if monitor leads or self-adhesive pads are not
immediately available.
Theme 2: size of pads and paddles. Select the largest possible available paddles to provide good contact
with the chest wall. The ideal size is unknown but there should be good separation between the pads.
Recommended sizes are:
• 4.5 cm diameter for infants and children weighing <10 kg
• 8-12 cm diameter for children weighing >10 kg (older than one year)
To decrease skin and thoracic impedance, an electrically conducting interface is required between the skin
and the paddles. Preformed gel pads or self-adhesive defibrillation electrodes are effective and are
recommended for maximal delivery of the energy. Self-adhesive pads facilitate continuous good quality
CPR. Do not use saline-soaked gauze/pads, alcohol-soaked gauze/pads or ultrasound gel.
Theme 3: placement and location. Apply the paddles firmly to the bare chest in the antero-lateral position,
one paddle placed below the right clavicle and the other in the left axilla. If the paddles are too large and
there is a danger of charge arcing across the paddles, one should be placed on the upper back, below the
left scapula and the other on the front, to the left of the sternum. This is known as the antero-posterior
position and is also acceptable.
RCT (acronym); Author; Year
Aim of study;
Patient Population
Intervention (N
Published
Study type; Study (inclusion criteria)
patients) /
size (N)
Comparator (N
patients)
1.Ristagno 2012 755
Comparing pads
8 male pigs 12-15 kg.
AP (4 pigs) or AL (4
position: AP or
Paediatric porcine model
pigs) pads position.
AL. Animal study; of VF.
242 shocks.
n=8
Downloaded from www.aappublications.org/news by guest on November 18, 2020

Results primary endpoints
(P value; OR or RR; & 95% CI)
Relevant 2° Endpoint (if any);
Study Limitations; Adverse Events
Summary/Conclusion - Comments
Non-RCT OR OBSERVATIONAL
(acronym); Author; Year Published
1.Tibballs 2011 14
Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments
2. Fraser 2014 953
Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments
3. Bhalala 2018 107

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

STEP 2

Success in shock. The aggregated success rate was 65.6% for AP
placement and 43.0% for AL (p = 0.0005) when shock energy was
between 10 and 70 J.
Animal study, low number of first shocks…
Study type/design; Study size (N)

Patient Population
(inclusion criteria)
Observational, prospective; n=48 children with VF or pulseless VT
who received external shock
(IHCA)
ROSC occurred in 37 (48%) of 48 ‘shockable’ resuscitative episodes
(61 events). Pads in an anteroposterior position achieved highest
ROSC rate. ROSC was achieved with pads in A–P position at 10 (91%)
of 11 episodes and in A–L position in 23 (70%) of 33 episodes, with
paddles in A–L position in eight (80%) of ten episodes and in A–P
position in two (100%) of two episodes (p 0.6).
Whatever position, the prevalence of ROSC was not significantly
different with pads or paddles.
Prospective, observational;
Emergency medical care
n=152
providers from 6 medical fields
Survey before education: The rates of correct pad placement for
mannequins weighing less than 15 kg and more than 15 kg were 5.8%
(95% CI, 2.8%-11.2%) and 25.7%, respectively (95% CI, 19.4%-35.7%).
Rates for correct pad placement (<15-kg and >15-kg mannequins) 6
months after education: 68.2% (95% CI, 56%-78.4%) and 71.2% (95%
CI, 62.8%-81.5%).
Paediatric emergency providers have poor understanding of pad
placement, but this improves with education.
Prospective, observational; n=68 Paediatric providers (50 nurses,
18 non-nurse) were ‘video’
evaluated for time-to-shock in a
simulated VF
The median time-to-shock was 77.5 (IQR: 59–105) s. with the use of
pads and 97 (IQR: 60–122) s. with the use of paddles, and did not
correlate with provider factors, except previous experience with the
defibrillator used in study (p 0.047).
Only 32% (22/68) providers applied the paddles/pads correctly on the
mannequin. The remaining 46 providers either applied pads/paddles
touching each other or not at appropriate places to allow optimum
energy to pass through the heart.
Prior use of the study defibrillator is associated with a significantly
shorter time-to-first shock as compared to prior use of any other
defibrillator or no prior use of any defibrillator.

The use of self-adhesive pads is steadily increasing (because of presumed improved safety, easy of use,
especially if using the AP position, presumed impact on times…) but paddles are still used in many countries
across Europe and this for different reasons (both educational and economic) (Krawczyk 2016 28).
Studies in adults and animals did not really identify a major difference between pad position and outcome
(Kirkland 2014 717; Olsen 2013 A287), although some suggested a benefit of the anterioposterior position
(Howe 2012). Very low certainty adult evidence also could not identify a clear benefit of the use of selfadhesive pads compared to paddles, especially for what concerns the time to delivery of the first shock (Halle
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2013 141). There were no specific guidelines in the adult 2015 ERC guidelines regarding this.

Reviewer Comments (including whether meet criteria for formal review):
We did not identify additional evidence to suggest a change in the current recommendations nor a more thorough
systematic review.
With regard to the position of the pads, we could not identify any strong evidence to advise in favour of either the anterioposterior or the antero-lateral position. The previous ERC GL suggested ‘If the paddles are too large and there is a danger
of charge arcing across the paddles, one should be placed on the upper back, below the left scapula and the other on the
front, to the left of the sternum’. Regardless of that, very low certainty evidence suggests that the AP position might be at
least as effective as the AL position.
The true added value vs. cost of using self-adhesive pads in children remains to be identified. The exact best location of
pads or paddles has to be balanced with the complexity of application. Also, for the AP position the alternative of
midchest and midback placement (as suggested by some AED devices) needs to be further explored.
Reference list
1. Maconochie IK, Bingham R, Eich C, López-Herce J, Rodríguez-Núñez A, Rajka T, Van de Voorde P, Zideman DA, Biarent D;
2.
3.
4.

5.

Paediatric life support section Collaborators. European Resuscitation Council Guidelines for Resuscitation 2015: Section 6.
Paediatric life support. Resuscitation. 2015 Oct; 95:223-48
Ristagno G, Yu T, Quan W, Freeman G, Li Y. Comparison of defibrillation efficacy between two pads placements in a pediatric
porcine model of cardiac arrest. Resuscitation. 2012 Jun;83(6):755-9
Tibballs J, Carter B, Kiraly NJ, Ragg P, Clifford M. External and internal biphasic direct current shock doses for pediatric
ventricular fibrillation and pulseless ventricular tachycardia. Pediatr Crit Care Med. 2011 Jan;12(1):14-20
Fraser KN, Kou MM, Howell JM, Fullerton KT, Sturek C. Improper defibrillator pad usage by emergency medical care
providers for children: an opportunity for reeducation. Am J Emerg Med. 2014 Sep;32(9):953-7
Bhalala US, Balakumar N, Zamora M, Appachi E. Hands-On Defibrillation Skills of Pediatric Acute Care Providers During a
Simulated Ventricular Fibrillation Cardiac Arrest Scenario. Front Pediatr. 2018 Apr 23;6:107
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Appendix C-21
2020 Evidence Update Worksheet
Single or stacked shocks for pediatric defibrillation (PLS 389: EvUp)

Worksheet author(s): DeLucas

Council: ERC
Date Submitted:

PICO / Research Question: PLS 389 (ERC RR26.2)
Amonginfants andchildrenwho are in ventricular fibrillation or pulselessventricular tachycardia in any setting(P), does more than
one shock for the initial or subsequent defibrillation attempt(s) (I), compared with asingleshock (C), change outcome (O)?
Adjusted:
P: infants and children who are in cardiac arrest in any setting
I: the use of more than one shock for the initial or subsequent defibrillation attempt(s), within the algorithm
C: a single shock
O: all
Type: intervention
Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later) that
concern directly the population and intervention described above.
STEP1:Randomizedcontrolledtrials(RCTs)andnon-randomizedstudies (non-randomizedcontrolledtrials,interruptedtimeseries,controlled before-andafter studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case series are included if
they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference abstracts, trial protocols) are
excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above but
considered informative as additional evidence – takingintoaccount severe indirectness- for the final evaluationofthewriting group’s conclusions
regarding the implications for practice and research.
Timeframe: For STEP 1, allyears and alllanguagesareincluded, as long as thereis an English abstract. Ifin Step 0 areview, guidelineor COSTR of high quality
is withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in case ofahigh-quality
review, guideline or COSTR, search can belimitedtobeyond dates and/orscope ofthat

Additional Evidence Reviewer(s): Turner - Djakow
Conflicts of Interest (financial/intellectual, specific to this question):
Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: PLS 22
Consensus on Science
Therearenorandomizedcontrolledstudiesexaminingasingleversussequential(stacked)shockstrategyinchildrenwithVF/pulselessVT.Evidencefrom7 LOE5studiesin
adultswithVF221,280–285supportedasingle-shockstrategyoverstackedorsequentialshocksbecausetherelativeefficacyofasingle biphasicshock is highand the
delivery ofasingle shock reducesdurationofinterruptions in chest compressions.

Treatment Recommendations
Asingle-shockstrategyfollowedbyimmediateCPR(beginningwithchestcompressions)isrecommendedforchildrenwithout-of-hospitalorin-hospital VF/pulseless VT.
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2010 Search Strategy: /

Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):
221.EftestolT,SundeK,SteenPA.Effectsofinterruptingprecordialcompressionsonthecalculated probabilityofdefibrillationsuccessduringoutof-hospitalcardiacarrest. Circulation. 2002;105:2270 –2273.

280. MittalS,Ayati S,SteinKM,Knight BP,MoradyF,SchwartzmanD,CavlovichD,PlatiaEV, CalkinsH,
TchouPJ,MillerJM,WhartonJM,SungRJ,SlotwinerDJ,MarkowitzSM,LermanBB. Comparisonofanovel
rectilinear biphasic waveform with a damped sine wavemonophasic waveform for transthoracic
ventricular defibrillation. Zoll investigators. J Am Coll Cardiol. 1999;34:1595–1601.
281. van Alem AP, Chapman FW, Lank P, Hart AA, Koster RW. A pro- spective, randomised
and blinded comparison of first shock success of monophasic and biphasic waveforms in out-of-hospital cardiac arrest. Resuscitation. 2003;58:17–24.

282. Rea TD, Helbock M, Perry S, Garcia M, Cloyd D, Becker L, Eisenberg
M. Increasing use of cardiopulmonary resuscitation during out-of- hospital ventricular fibrillationarrest:survivalimplications ofguidelinechanges.Circulation.2006;114:2760–
2765.

283. MenegazziJJ,HsiehM,NiemannJT,SworRA.Derivationofclinicalpredictorsof failed
rescue shock during out-of-hospital ventricular fibrillation. Prehosp Emerg Care. 2008;12:347–351.

284. Rea TD, Shah S, Kudenchuk PJ, Copass MK, Cobb LA. Automatedexternal
defibrillators: to what extent does the algorithm delay CPR?AnnEmergMed.
2005;46:132–141.
285. BeckerL,GoldLS,EisenbergM,WhiteL,HearneT,ReaT.Ventricularfibrillation in King County,
Washington: a 30-year perspective. Resuscitation. 2008;79:22–27.

2019SearchStrategy: Databasesearched:
Pubmed-Embase DateSearchCompleted:
1DEC2019

Used terms

•

Stacked,shock*, 'threeshocks', 'twoshocks', defibrillation', successive,sequent*,charg*; eitherasindividualterm (ti,ab,kw)
or related MESH Term; combined using Bolean operators

•

specific blocks defined for certain indicators:

paediatric:todefinethe‘paediatricpopulation’weusedthepredefinedBMIblock(https://blocks.bmi-online.nl)
cardiac arrest: CPR/cardiac arrest: “life support care” [MESH] OR“life support” [TIAB] ORcardiopulmonary
resuscitation [MESH] OR “cardiopulmonary resuscitation” [TIAB] OR ROSC [TIAB] OR “return of spontaneous
circulation” [TIAB] OR heart arrest [MESH] OR “cardiac arrest” [TIAB]
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o Toexclude NOT "Letter"[Publication Type] OR "Editorial"[Publication Type] OR “Comment"[Publication Type])
ForEmbaseweprefilteredtoavoidMedlineduplicatesbyusing[embase]/limNOT([embase]/limAND[medline]/lim)
o Cardiacarrest:(resuscitation:ti,ab,kwOR'resuscitation'OR'resuscitation'/expORresuscitationOR'heart'OR 'heart'/exp
OR heart) AND (arrest:ti,ab,kw OR 'heart' OR 'heart'/exp OR heart) AND ('arrest' OR'arrest'/expOR arrest)
o
o

•

Search Results (Number of articles identified / number identified as relevant): 675, after elimination of duplicates
STEP 0: 2 GL
STEP 1: 1 observational study
STEP 2: 3 adult studies
Key Themes:
Theme 1: witnessed CA with a defibrillator attached
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Theme 2: impact ontransthoracicimpedance

Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex:InfantsorChildrennotincardiacarrest,studiesprimarilyconcerningAEDornon-shockablerhythms; concerning
otherALSinterventions; animalstudies; letters, editorialsor comments; unpublishedstudies(e.g., conference abstracts,
trial protocols), no English abstract; Newborn at Delivery
Link to Article Titles and Abstracts for 2019 search (if available on PubMed):

Summary of Evidence Update:
GUIDELINE OR SYST. REVIEW?
(Organisation); Author; Year Published
1. Truhlar 2015 148; ERC 2015 GL

Topics addressed or PICO(S)T

#articles
identified

Cardiac arrest in a cardiac catheterisation
laboratory

Key findings per topic
Cardiac arrest may occur during percutaneous coronary intervention (PCI) for ST-elevation myocardial
infarction(STEMI) ornon-STEMI, but it may also be acomplication of an angiography such as catheter
wedging, air or thrombus embolism in the coronary artery, coronary artery intima dissection from the tip of
the angiography catheter or caused by pericardial tamponade from a perforated coronary artery during the
procedure. Most complications will result in VF with immediate needfor defibrillation. For this reason,
patients must be continuously monitored and adefibrillator must be available in the angiography room.
Self-adhesive radiolucent defibrillation pads may already be placed at the beginning of the procedure in
high-risk patients. In this special setting with immediate response to monitored VF, defibrillation without
preceding chest compressions is recommended. As the patient is early in the electrical phase of acardiac
arrest, in contrast to the guidelines for unmonitored and OHCAs, the result of defibrillation (VF termination
and ROSC) can be determined before chest compressions arestarted. If needed for failed defibrillation or
immediately recurring VF, immediate defibrillation may be repeated up to two times.
2. Society of Thoracic Surgeons Task Force perspective on resuscitation in patients who
Literature
review +
on Resuscitation After Cardiac Surgery, arrest after cardiac surgery
(Dunning) 2017, 1005.
Delphi
consensus
Key findings per topic
They concluded that patients who arrest with ventricular fibrillation should immediately receive three
sequentialattempts atdefibrillationbefore externalcardiac massage, and ifthis fails,emergency
resternotomy should be performed. (Evidence itself reported in Lockowandt 2008 878)
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The quality of the guideline was evaluated by the AGREE2 tool. It was considered of low to moderate quality
due to limited rigour (domain 3) and stakeholder involvement (domain 2). Not specifically paediatric.

Non-RCT OR OBSERVATIONAL Study type/design; Study size (N) Patient Population
(acronym); Author; Year Published
(inclusion criteria)
1. Niles 2010 1540
Observational,prospective;N =5 5 IHCA, 13 shock events. Mean
(analysed, out of 10 children in
age14.3.Biphasicdefibrillators.
VF/pVT)
Results primary endpoints
Transthoracic impedance decreased P=0.003 immediately post-shock,
(P value; OR or RR; & 95% CI)
p=0.096at2s.Changes inTTIwerevery smallandshort-lived.TTI
had virtually returned to baseline before asecond shock could be
applied.
Summary/Conclusion - Comments
During cardiac arrests in children ≥ 8 yrs, TTI decreased after biphasic
shocks, but the limited magnitude and duration of TTI changes
suggest that stacked-shocks would not improve defibrillation success.

STEP 2
•

Adult COSTR on defibrillation: One study showed no survival benefit froma protocol that included a
single-shock protocol compared to a 3-shock protocol (LOE 1).84 Evidence from 3 pre-post design
studies suggested significant survival benefit with asingle-shock defibrillation protocol compared with
3-stackedshock protocols(LOE3).85–87 However,these studiesincludedconfounders related to prepost design and the multiple interventions that were included as part of the defibrillation protocol.
Another pre-post study, with fewer confounding factors, showed a significantly lower hands-off ratio (ie,
percentage of total CPR time when no compressions were provided) with the 1-shock protocol but no
statistical difference in survival (LOE 3).88 One observational study of fixed-dose biphasic defibrillation
suggested higher defibrillation success with 3 shocks(LOE 4).89 The same study also suggested that
chest compressions immediately following ashock did not result in recurrence of VF. In contrast another
study showed earlier recurrence of VF when chest compressions were resumed immediately after the
Downloaded
from of
www.aappublications.org/news
by guest
on November
18, 2020
shock compared with delayed
resumption
compressions (LOE 1).90
There
was nosignificant
difference in total incidence of recurrent VF or outcome. A single study demonstrated that early

terminationofrecurrentVFwasassociatedwithincreased ROSC, butqualityofCPRwaspoorandfew patients
achievedROSC(LOE4).91Anotherstudyshoweddecreasedsurvivalwhendefibrillationfor recurrent VF was, for a
variety of reasons, delayed (LOE 4).92
Treatment Recommendation: Whendefibrillationisrequired, asingleshockshouldbeprovidedwith immediate
resumptionofchestcompressionsaftertheshock.Chestcompressionsshouldnotbedelayed forrhythmreanalysisor
pulsecheckimmediatelyafterashock.CPRshouldnotbeinterrupteduntil rhythm reanalysis isundertaken.
•

Bradleyetal(Bradley2016i1653)comparedtimetotheseconddefibrillationattempttooutcomeina
retrospectivecohortofadultIHCA(n=2733;2004-2012, GWTG). Deferredsecondattempts,definedas aninterval
of>1 min, led toworseoutcomethanasecondattemptwithin 1 min (ROSC: 57.4% v 62.5%; survival (24h): 38.4% v
43.6%; survival (discharge): 24.7% v 30.8%). Patients receiving a deferred second attemptweremorelikelytohave
hypotensionorsepticemiaandlesslikelytobeonamonitororina procedural area. Theauthorswere notable
to determine whethera stacked or single attempt protocol wasusedandthereforeusedtimetosecond
defibrillationasasurrogateforthis.Verylowcertainty evidenceduetoobservationalnature with many
potentialconfoundersunaccountedfor.

•

Davisetal(Davis 2016264) analyzedanin-hospitaldatabaselookingatoutcomesfrom VF/pVT(661 adult IHCA,
106 primaryshockable) inthreetimeperiodswithdifferentdefibrillation strategies: Stacked shock period (2005–
2008), Initial TC period (2008–2011) 2-min TC before defibrillation including the initial. Modifiedstackshock
period(2011–2013), monitored: upto 3 successiveshocks. Unmonitored: CPRbeforedefibrillation.Outcomes
weresignificantlybetterinperiods1and3comparedtoperiod2 (p<0.01).TheyconcludethatmonitoredVF/VT
shouldundergoexpeditiousdefibrillationwithuseof stackedshocks.Importantly,thedifferentperiodsalso
differedintermsofotherinterventions(timing vasopressors, use of epinephrine or vasopressin; different
energy dose, intensified training, different defibrillator and energydose, use ofmanual defibrillation, …).

• Yagi et al presented anabstractwith data fromthe All Japan Registry comparingpracticein adults with

shockable CA before and after the 2005 change in guidelines (to single shock). 4,003 received
defibrillation procedures according to the 2000 guidelines (the 3-shock group), 4,359 received
defibrillationproceduresaccordingtothe 2005 guidelines(the 1-shockgroup). The 1-shockgrouphad higher
proportionsof 30-dayneurologicallyintact survival than the 3-shock groupinamongallpatients inthestudy
(19.4%vs.13.1%;p<0.0001).Amultiplelogistic-regressionanalysisshowedthatthe adjusted ORfor30-day
neurologicallyintactsurvivalafter1-shockprocedureswas1.67(95% CI, 1. 48to 1.89, p<0.0001).

Reviewer Comments (including whether meet criteria for formal review):
We did notidentify any new evidence tochangetheexisting recommendations: “Asingle-shock strategy followed byimmediate CPR
(beginning with chestcompressions) is recommendedfor children with out-of-hospital or in-hospital VF/pulseless VT”.
However, in a (in-hospital) setting with monitoring attached and a defibrillator ready for use, ‘immediate defibrillation’ following the
witnessedonset of VF/pVT is possible andpotentially beneficial. Theheart is believed to be morereadily defibrillated in this phase
(WeisfeldtandBeckermodel).Ifanimmediatedefibrillationattemptisunsuccessful,outcomemaybeimprovedbya secondand if
neededthird attempt before commencing CPR. This wasalreadyreflected in arecommendation within the adult sectionof2015ERCGLbut
notmentionedinthepaediatricsectionatthatstage.Since2015therehasbeenlittleadditional evidence whichwouldsuggest
modification ofthisrecommendation, and no ‘paediatric’ evidence on whichto base anextension of this recommendation tochildren. Two
‘adult’ retrospectivestudies with significant limitations andconfounders yielded results in support to the current ERC recommendation.
Despite the lack of paediatric evidence in either direction, wewouldadvise-taking into account thedirection of the adult ERC andthe
thoracic surgeons guidelines, theconceptual reasoning behind themandtherelatively limited timedelayofa‘3 shocks first’approach
withinthealgorithm.
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PALS: AIRWAYS, OXYGENATION AND VENTILATION
Appendix C-22
2020 Evidence Update Worksheet
Ventilation rate when a perfusing rhythm is present (PLS 31030A/PLS 382: EvUp)
Worksheet author(s): Lynda Knight, DPN Steve Schexnayder, MD
Council: AHA
Date Submitted: 12-3-19
PICO / Research Question: Recommendation: Precautions In the victim with a perfusing rhythm but absent or
inadequate respiratory effort, give 1 breath every 3 to 5 seconds (12 to 20 breaths per minute), using the higher rate for
the younger child (Class I, LOE C).
Outcomes:
Type (intervention, diagnosis, and prognosis): Intervention
Additional Evidence Reviewer(s): Steve Schexnayder, MD
Conflicts of Interest (financial/intellectual, specific to this question):
Year of last full review: 2010 / 2015 / New question: cannot find any full review back to 1992 GL (consensus)
Last ILCOR Consensus on Science and Treatment Recommendation:
2010/2015 Search Strategy: (((((((apnea[MeSH Terms] OR respiratory rate[MeSH Terms] AND (Infan* OR
newborn* OR new-born* OR perinat* OR neonat* OR baby OR baby* OR babies OR toddler* OR minors OR
minors* OR boy OR boys OR boyfriend OR boyhood OR girl* OR kid OR kids OR child OR child* OR children*
OR schoolchild* OR schoolchild OR school child[tiab] OR school child*[tiab] OR adolescen* OR juvenil* OR
youth* OR teen* OR under*age* OR pubescen* OR pediatrics[mh] OR pediatric* OR paediatric* OR peadiatric*
OR school[tiab] OR school*[tiab] OR prematur* OR preterm*))) NOT ((animals[mh] NOT humans[mh]))) NOT
(("letter"[pt] OR "comment"[pt] OR "editorial"[pt] or Case Reports[ptyp]))
Very focus:
("perfusing rhythm") AND (ventilat*[TW] OR "breaths per minute" OR "breath per minute")
Slightly wider:
(((perfusing[TW] OR perfusion[TW]) AND rhythm[TW]) OR "perfusing rhythm") AND (ventilat*[TW] OR "breaths per minute" OR
"breath per minute")
Wider:
(((perfusing[TW] OR perfusion[TW]) AND rhythm[TW]) OR "perfusing rhythm" OR "heart arrest/therapy"[MAJR] OR
"Cardiopulmonary Resuscitation/therapy"[MAJR])) AND (ventilat*[TW] OR "breaths per minute" OR "breath per minute")
All AHA guidelines since 1992 (’92,’00,05,’10,15) no references for recommendation meaning (expert consensus)
Researched potential MeSH terms/nothing applicable
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2019 Search Strategy: same as above
Database searched: Pubmed
Date Search Completed: 12-2-19
Search Results (Number of articles identified / number identified as relevant): No applicable results
Inclusion/Exclusion Criteria:
Link to Article Titles and Abstracts (if available on PubMed):
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs, which are not being reviewed as ILCOR systematic and
scoping reviews.
Relevant Guidelines or Systematic Reviews: NONE
Organization
(if relevant);
Author;
Year
Published

RCT: NONE
Study
Acronym;
Author;
Year Published

Guideline or
systematic
review

Topic
addressed or
PICO(S)T

Aim of Study;
Study Type;
Study Size (N)

Patient
Population

Study Aim:

Inclusion
Criteria:

Study Type:

Number of
articles
identified

Key findings

Study
Intervention
(# patients) /
Study
Comparator
(# patients)
Intervention:

Treatment
recommendations

Endpoint Results
(Absolute Event
Rates, P value; OR
or RR; & 95% CI)

Relevant 2°
Endpoint (if any);
Study Limitations;
Adverse Events

1° endpoint:

Study Limitations:

Comparison:

Nonrandomized Trials, Observational Studies: NONE
Patient
Summary/Conclusion
Study
Study
Primary Endpoint and
Acronym;
Type/Design;
Population
Results (include P value; Comment(s)
Author;
Study Size (N)
OR or RR; & 95% CI)
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Year Published
Study Type:

Inclusion
Criteria:

1° endpoint:

Reviewer Comments (including whether meet criteria for formal review):
Unable to find any applicable results; AHA Guidelines back to 1992 do not provide any references for the
recommendation, likely meaning it was generated by expert consensus
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Appendix C-23
2020 Evidence Update Worksheet
Use of cuffed or uncuffed tracheal tubes (PLS 412: EvUp)
Worksheet author(s): Brian K. Walsh
Council: AHA
Date Submitted:12/9/19
PICO / Research Question: Among infants and children with respiratory failure who undergo endotracheal intubation in
any setting (P), does cuffed ETTs (I), compared with uncuffed ETTs (C), change (O)?
Outcomes:
Type (intervention, diagnosis, prognosis):
Additional Evidence Reviewer(s): Brian K. Walsh, PhD, RRT, RRT-NPS & Benny Joyner, MD
Conflicts of Interest (financial/intellectual, specific to this question): N/A
Year of last full review: 2010 / 2015 / New question:
Last LCOR Consensus on Science and Treatment Recommendation:
4.1.14 Cuffed Versus Uncuffed Endotracheal Tubes
Both cuffed and uncuffed endotracheal tubes are acceptable for intubating infants and children. (Class IIa, LOE C)
In the operating room, cuffed endotracheal tubes are associated with a higher likelihood of correct selection of tube size,
thus achieving a lower reintubation rate with no increase risk of perioperative complications.1, 2 In intensive care setting
the risk of complications in infants and in children is no greater with cuffed tubes than with noncuffed tubes.3-5 Cuffed
endotracheal tubes may decrease the risk of aspiration.6 If cuffed endotracheal tubes are used, cuff inflating pressures
should be monitored and limited according to manufacturer’s instructions (usually less than 20 to 25 cm H2O).
In certain circumstances (eg, poor lung compliance, high airway resistance, or a large glottic air leak) a cuffed
endotracheal tube may be preferable to an uncuffed tube, provided that attention is paid to endotracheal tube size,
position, and cuff inflation pressure. (Class IIa, LOE B)
2010/2015 Search Strategy:
PubMed “intubation, intratracheal” as MESH (headings) AND “Cuffed” textword in abstract AND “Children” textword in
abstract LIMITED TO 2004 – 2009 (As this is an update on worksheet last completed in Jan 2005)
EMBASE search using “intubation” text words (all fields) AND “Children” AND “Cuffed” LIMITED TO PERIOD 2004 -2009
(As this is an update on worksheet last completed in Jan 2005)
AHA EndNote Master library (No new articles retrieved)
Cochrane database for systematic reviews, Central Register of Controlled Trials, - “Intubation, Intratracheal” AND
“Children”
Review of references from articles.
2019 Search Strategy:
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“intubation, intratracheal” as MESH (headings) AND “Cuffed” text word in abstract AND “Children” text word in abstract
LIMITED TO 2009-2019 (As this is an update on worksheet last completed in Oct 2010)
MeSH string: (("intubation, intratracheal"[MeSH Terms] OR ("intubation"[All Fields] AND "intratracheal"[All Fields]) OR
"intratracheal intubation"[All Fields] OR ("endotracheal"[All Fields] AND "intubation"[All Fields]) OR "endotracheal
intubation"[All Fields]) AND ("2009/12/07"[PDat] : "2019/12/04"[PDat] AND "humans"[MeSH Terms] AND
("infant"[MeSH Terms] OR "child"[MeSH Terms] OR "adolescent"[MeSH Terms]))) AND cuff[All Fields] AND
("2009/12/07"[PDat] : "2019/12/04"[PDat] AND "humans"[MeSH Terms] AND ("infant"[MeSH Terms] OR "child"[MeSH
Terms] OR "adolescent"[MeSH Terms]))
Database searched:
PubMed, Web of Science and LISTA (EBSCO)
Date Search Completed: 12/04/19
Search Results (Number of articles identified / number identified as relevant): 137 / 7
Inclusion/Exclusion Criteria:
This evidence review was conducted by two independent reviewers. Studies meeting the following criteria were included:
1. Randomized controlled trials, prospective or retrospective studies;
2. Endotracheal tubes were applied in children or pediatric patients without any restrictions of disease;
3. Outcomes were compared between cuffed and uncuffed groups.
The exclusions were:
1. Neonates defined as < 30 days old or < 3 kg;
2. Case reports, editorials, letters and basic science or nonhuman studies;
3. Articles lacking the original data;
4. Articles written in a language other than English;
5. Studies prior to 12/07/2009.
Link to Article Titles and Abstracts (if available on PubMed):
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and
scoping reviews.
Relevant Guidelines or Systematic Reviews
Organization
(if relevant);
Author;
Year
Published
Chen,

20187

Guideline or
systematic
review

Topic
addressed or
PICO(S)T

Number of
articles
identified

Key findings

Treatment
recommendations

Cuffed versus 6 (4141
Uncuffed
Meta-analysis uncuffed
children)
endotracheal
endotracheal
tubes increase
tubes
Downloaded from www.aappublications.org/news by guest on November 18, 2020

Shi, 20168

Meta-analysis Cuffed versus
uncuffed
endotracheal
tubes

De Orange,
20159

Cochrane
Systematic
Review

RCT:
Study
Acronym;
Author;
Year Published

Cuffed vs.
uncuffed
tracheal tubes;
Chambers, NA;
201810

4 (3782
children)

Cuffed versus 3 (2804
uncuffed
children)
endotracheal
tubes for
general
anaesthesia
in children < 8
yo

Aim of Study;
Study Type;
Study Size (N)

Patient
Population

Study Aim: To
compare leak,
tidal volume
and
complications
between cuffed
and uncuffed
tracheal tubes.
Study Type:
RCT
Sample Size:
104

Inclusion
Criteria: All
children 0-16
years and
weighing > 5 kg
and undergoing
elective surgery
were
considered.

the need for
tube changes.
Cuffed ETTs
reduce the
need for ETT
exchanges and
do not increase
the risk of
postextubation
stridor
Unable to draw
definitive
conclusions
about the
comparative
effects of
cuffed or noncuffed ETTs.

Study
Intervention
(# patients) /
Study
Comparator
(# patients)
Intervention:
Cuffed ETT (52
subjects)
Comparison:
Uncuffed ETT
(52 subjects)

Endpoint Results
(Absolute Event
Rates, P value; OR
or RR; & 95% CI)

Relevant 2°
Endpoint (if any);
Study Limitations;
Adverse Events

1° endpoint:
Study Limitations:
1. 4 different
Number of
manufacturers
attempts and
of cuffed tubes
problems
were used,
encountered. First
attempt success in
which have
different ODs
the cuffed group
and cuff
was about 80%
qualities
compared to 30%
2. ETT size was
in the uncuffed
chosen by the
group.
attending
Tracheal tube
which
leaks were much
introduced
higher in the
variability
uncuffed group
compared to the
cuffed (p< 0.001)
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Cuffed versus
uncuffed used
in cleft palate
surgery, 2016

Study Aim: To
compare postoperative
morbidity
following cleft
lip-palate
surgery
Study Type:
RCT
Sample Size:
110

Inclusion
Criteria:
Children 2-12 yo
who were
undergoing cleft
lip-palate
surgery.

Nonrandomized Trials, Observational Studies
Study
Study
Patient
Acronym;
Type/Design;
Population
Author;
Study Size (N)
Year Published
Respiratory
complications,
de Wit, 201811

Study Type:
Retrospective
study of the
incidences of
postoperative
complications
children (6,796
children)

Inclusion
Criteria:
Children aged 07 in which
trachea was
intubated over
a 10 year
period.

Intervention:
Cuffed ETT (54
subjects)
Comparison:
Uncuffed ETT
(58 subjects)

1o endpoint:
There was no
difference in
laryngospasm and
stridor; a
reduction in sore
throat for the
cuffed (p=0.025);
first oral intake
was shorter by
28.8 minutes with
cuffed (p=0.0001);
return of normal
voice was quicker
with cuffed
(p=0.008)

3. No
standardized
induction.
Study Limitations:
1. Limited ethnoracial
variation.
2. Children below
2 yo.
3. Did not
monitor cuff
position,
dislodgement,
intubation
attempts and
ventilation
parameters.

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

Summary/Conclusion
Comment(s)

1o endpoint:
Complications needing
intervention occurred in
334 cases (4.9%) and
were less common after
cuffed than after
uncuffed (n=236, 4.5% vs
n=98, 6.3%); OR of 0.70;
95% CI 0.55-0.89.
Desaturations occurred
less often after cuffed
tubes (n=1365, 26% vs
n=512, 33.1%) OR of 0.71
(0.61-0.84).
After adjusting for
confounders, there was
no difference in acute
postoperative respiratory

After adjusting for multiple
confounders, the use of
cuffed tubes was not
associated with an increase
incidence of acute
respiratory complications in
postanesthesia care unit.
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Subglottic
Stenosis,
Schweiger,
201312

Burn subjects;
Dorsey, 201013

Study Type:
Prospective
study of the
incidence of
subglottic
stenosis in
children (123
children)

Inclusion
Criteria:
Children
undergoing
endotracheal
intubation in
the PICU and
intubated for >
24 hours.
Study Type:
Inclusion
Retrospective
Criteria: Cuffed
review of
versus uncuffed
adverse events
endotracheal
associated with
tubes for
perioperative
perioperative
use of cuffed and outcomes in
uncuffed
burn children 0endotracheal
10 yo.
tubes in burn
children over a
10 years period
(327 children)

complications (OR 0.74;
95% CI 0.55-1.01)
1o endpoint: After a
mean of 8 days of
tracheal intubation the
incidence of subglottic
stenosis was 11.4% (95%
CI, 6.6-17.9%) with no
difference between
cuffed and uncuffed
ETTs.
1° endpoint: Children
receiving uncuffed tubes
were significantly more
likely to demonstrate a
clinically significant loss
of tidal volume (OR
10.62, 95% 2.2-50.5) and
require immediate
reintubation to change
tube siz/type (OR 5.54,
95% 2.1-13.6). No
differences in postextubation stridor

This incidence of subglottic
stenosis is quite high and
needs further investigation
to identify risk factors.

Due to the frequent
challenge of airway
management in this
population, strategies
should emphasize cuffed
endotracheal tube use that
is associated with lower
rates of airway
manipulation.

Reviewer Comments (including whether meet criteria for formal review):
During the last 2010 review, it was found that “Both cuffed and uncuffed endotracheal tubes are acceptable for
intubating infants and children. (Class IIa, LOE C)”. Since the last review there has been 3 systematic reviews, two
RCT, and one retrospective review that overall support the concept that cuffed ETTs are safe and uncuffed ETTs
increase the need for tube changes. The review did not appear consider reintubation risks, goals of high quality
pediatric advance life support or mechanisms of human error. By continuing to support both cuffed and uncuffed you
require programs offering PALS to stock and maintain 4 tubes (2 tubes per size and type) per size, potentially
increasing the need for reintubation, off the chest times during CPR or providing poor ventilation (via low tidal
volume or pressure delivery) and introducing possible selection error from using the wrong calculation or selecting
the wrong tube/type.
MRI images have shown the cricoid ring in children is actually elliptical, rather than traditionally taught as circular.14
Therefore, there may still be a leak around a perfectly sized a circular uncuffed tracheal tube that increase pressure
on other areas of the tracheal mucosa. This may be one of the reasons uncuffed exchange rates are as high as 70%
before the correct size is obtained.
Cuffed endotracheal tubes are associated with a higher likelihood of correct selection of tube size, thus achieving a
lower reintubation rate, quicker application of ventilation, better monitoring of ETCO2 without increase risk of
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complications.1, 2, 10, 12, 13, 15 Cuffed endotracheal tubes may decrease the risk of aspiration.16, 17 If cuffed endotracheal
tubes are used, cuff inflation pressure should be monitored and limited according to manufacturer’s
recommendations (usually less than 20 to 25 cmH2O).
Reference list
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Appendix C-24
2020 Evidence Update Worksheet
Atropine for emergency intubation (PLS 821: EvUp)
PICO 821_2019
Worksheet author(s): Melissa Chan & Garth Meckler
Council AHA
Date Submitted: November 27th, 2019
PICO / Research Question:
In infants and children requiring emergency tracheal intubation (P), does the use of atropine as a premedication (I),
compared with compared with not using atropine (C), change Survival with Favorable neurological/functional outcome
at discharge, 30 days, 60 days, 180 days AND/OR 1 year, incidence of cardiac arrest, Survival with favorable
neurological outcome at 1 year follow up, Survival with favorable neurological outcome at 180 days, survival to
hospital discharge, Survival with favorable neurological outcome at 90 days, Survival with favorable neurological
outcome at 30 days follow up, Survival with favorable neurological outcome at discharge, the likelihood of cardiac
arrest, Likelihood of shock, incidence of arrhythmias, the likelihood of shock, incidence of arrhythmias (O)?
Outcomes:
8 - Critical
8 - Critical
8 - Critical
8 - Critical
7 - Critical
7 - Critical
7 - Critical
- Critical
– Important
6 – Important
5 - Important

Incidence of cardiac arrest
Survival with favorable neurological outcome at 1 year follow up
Survival with Favorable neurological/functional outcome at discharge, 30 days, 60 days, 180
days AND/OR 1 year
Survival with favorable neurological outcome at 180 days
Survival to hospital discharge
Survival with favorable neurological outcome at 30 days follow up
Survival with favorable neurological outcome at 90 days 7
Survival with favorable neurological outcome at discharge 6
Likelihood of shock
the likelihood of cardiac arrest
Incidence of arrhythmias

Type (intervention, diagnosis, prognosis): Intervention
Additional Evidence Reviewer(s): n/a
Conflicts of Interest (financial/intellectual, specific to this question): n/a
Year of last full review: 2015
Last ILCOR Consensus on Science and Treatment Recommendation (2015):
Consensus on Science: For the critical outcome of survival with favorable neurologic outcome, we identified no
evidence that addressed any effect on survival when atropine was used for in-hospital emergency intubation. For the
critical outcome of survival to ICU discharge, there was very-low-quality evidence (downgraded for risk of bias and
imprecision) from 1 pediatric observational study of in- hospital emergency intubation (Jones 2013, e57478) of 264
infants and children supporting the use of atropine preintubation for those patients at more than 28 days of life. The
use of atropine preintubation for neonates was not significantly associated with survival to ICU discharge (neonates:
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propensity score adjusted odds ratio [aOR], 1.3; 95% CI, 0.31–5.10; P=0.74; older children: odds ratio [OR], 0.22;
95% CI, 0.06–0.85; P=0.028). For the critical outcome of likelihood/incidence of cardiac arrest, we identified no
evidence that addressed the effect of atropine use for in-hospital emergency intubation on cardiac arrest. For the
important outcome of likelihood or incidence of shock or arrhythmias, we identified very-low-quality evidence
(downgraded for risk of bias, inconsistency, and imprecision) from 2 pediatric observational studies. One study of
322 emergency pediatric intubations(Jones 2013, e289-e297) showed that the use of atropine preintubation was
associated with a reduced incidence of any arrhythmia (OR, 0.14; 95% CI, 0.06–0.35), whereas the second study of
143 emergency pediatric intubations (Fastle 2004, 651-655) failed to find an association between the preintubation
use of atropine and a reduced incidence of bradycardia (OR, 1.11; 95% CI, 0.22–5.68).
Treatment Recommendation: The confidence in effect estimates is so low that the panel decided a recommendation
was too speculative.
2010/2015 Search Strategy:
PubMed: Search Completed April 06, 2014
Date Searched: March 27, 2014 Number of Results: 260
Search Strategy: ((((((((("Intubation, Intratracheal"[Mesh:NoExp]) OR intubat*[Title/Abstract])) AND
((Atropine[MeSH Terms]) OR atropine[Title/Abstract]))) AND ((((Infan* OR newborn* OR new-born* OR perinat*
OR neonat* OR baby OR baby* OR babies OR toddler* OR minors OR minors* OR boy OR boys OR boyfriend OR
boyhood OR girl* OR kid OR kids OR child OR child* OR children* OR schoolchild* OR schoolchild OR school
child[tiab] OR school child*[tiab] OR adolescen* OR juvenil* OR youth* OR teen* OR under*age* OR pubescen*
OR pediatrics[mh] OR pediatric* OR paediatric* OR peadiatric* OR school[tiab] OR school* [tiab] OR prematur*
OR preterm*)))))) NOT (((animals[mh] NOT humans[mh]))))) NOT ((("letter"[pt] OR "comment"[pt] OR
"editorial"[pt] or Case Reports[ptyp])))
Embase: Search Completed April 06, 2014
Date Searched: March 27, 2014 Number of Results: 559
Search Strategy: 'respiratory tract intubation'/exp OR intubat*:ab,ti AND ('atropine'/de OR atropine:ab,ti) AND
(infan* OR newborn* OR (new NEXT/1 born*):ab,ti OR perinat* OR neonat* OR baby OR baby* OR babies OR
toddler* OR minors OR minors* OR boy OR boys OR boyfriend OR boyhood OR girl*i OR kid OR kids OR child
OR child* OR children* OR schoolchild OR schoolchild*:ab,ti OR (school NEXT/1 child):ab,ti OR (school NEXT/1
child*):ab,ti OR adolescen* OR juvenil* OR youth* OR teen* OR under*age* OR pubescen* OR 'pediatrics'/exp OR
pediatric* OR paediatric* OR peadiatric* OR school:ab,ti OR school*:ab,ti OR prematur* OR preterm*) NOT
('animal'/exp NOT 'human'/exp) NOT ([editorial]/lim OR [letter]/lim OR 'case report'/de) AND [embase]/lim
Cochrane: (Search Completed: April 06, 2014 ) Cochrane
Date Searched: March 27, 2014 Number of Results: 136
([mh ^"Intubation, Intratracheal"] OR intubat*:ab,ti) AND ([mh Atropine] OR atropine:ab,ti) AND (Infan* OR
newborn* OR “new-born*” OR perinat* OR neonat* OR baby OR baby* OR babies OR toddler* OR minors OR
minors* OR boy OR boys OR boyfriend OR boyhood OR girl* OR kid OR kids OR child OR child* OR children*
OR schoolchild* OR schoolchild OR “school child”:ab,ti OR “school child*”:ab,ti OR adolescen* OR juvenil* OR
youth* OR teen* OR under*age* OR pubescen* OR [mh Pediatrics] OR pediatric* OR paediatric* OR peadiatric*
OR school:ab,ti OR school*:ab,ti OR prematur* OR preterm*)
2019 Search Strategy:
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EMBASE 2014-current (September 17, 2019): 887
Search Strategy: ‘respiratory tract intubation’/exp OR intubate*:ab,ti AND (‘atropine’/de OR atropine:ab,ti) AND
(infan* OR newborn* OR (new NEXT/1 born*):ab,ti OR perinat* OR neonat* OR baby OR baby* OR babies OR
toddler* OR minors OR minors* OR boy OR boys OR boyfriend OR boyhood OR girl*i OR kid OR kids OR child
OR child* OR children* OR school child OR schoolchilde:ab,ti OR (school NEXT/1 child):ab, ti, OR (school
NEXT/1 child*):ab, ti OR adolescen* OR juvenil*OR youth* OR teen* OR under*age* OR pubescen* OR
‘pediatrics’/exp OR pediatric* OR paediatric* OR peadiatric* OR school:ab,ti OR school*:ab,ti OR prematur* OR
preterm*) NOT (‘animal’/exp NOT ‘human’/exp) NOT ([editorial]/lim OR [letter]/lim OR ’case report’/de) AND
[embase]/lim
Alternate strategy:
1. ‘respiratory tract intubation’/exp OR intubate*:ab,ti AND (‘atropine’/de OR atropine:ab,ti) N=1798
2. Limit to yr=”2014-current” N=536
3. Limit to infant or child or preschool child or school child or adolescent. N=67
PubMed 2014-Current (September 17, 2019): N=21
Search Strategy: (((((((((“intubation, Intratracheal”[Mesh:NoEXP]) OR intubate*[Title/Abstract]) and
((Atropine[MeSH Terms]) OR atropine[Title/Abstract])))AND ((((Infan* OR newborn* OR new-born* OR perinat*
OR neonat* OR baby OR baby* OR babies OR toddler* OR minors OR minors* OR boy OR boys OR boyfriend OR
boyhood OR girl* OR kids OR child OR child* OR children* OR schoolchild* OR schoolchild OR school child[tiab]
OR school child*[tiab] OR adolescen* OR juvenile* OR youth* OR teen* Or under*age* OR pubescen* OR
pediatrics[mh] OR pediatric* OR paediatric* OR paediatric OR school[tiab] OR school* [tiab] OR premature* OR
prematur* OR preterm*)))))) NOT (((animals[mh] NOT humans[mh]))))) NOT (((“letter”[pt] OR “comment”[pt] OR
“editorial”[pt] or case reports [pt])))
Cochrane Library 2014-Current (September 17, 2019): N=0
Search Strategy: ([mh ^”Intubation, Intratracheal”] OR intubat*:ab,ti) AND ([mh Atropine] OR atropine:ab,ti) AND
(Infan* OR newborn* OR “new-born*” OR perinat* OR neonat* OR baby OR baby* OR babies or toddler* OR
minors OR minors* OR boy OR boys OR boyfriend OR boyhood OR girl* OR kid OR kids OR child OR child* OR
children* OR schoolchild* OR schoolchild OR “school child”:ab,ti OR “school child*”:ab,ti OR adolescen* OR
juvenil* OR youth* OR teen* or under*age* OR pubescen* OR [mh Pediatrics] OR pediatric* OR paediatric* OR
peadiatric* OR school:ab,ti OR school*:ab,ti OR prematur* OR preterm*)
Total Relevant Articles 2015-2019: 11
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic
and scoping reviews.
Relevant Guidelines or Systematic Reviews
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Organization
Guideline or
(if relevant);
systematic
Author;
review
Year Published

Topic addressed
or PICO(S)T

Number
of articles
identified

Key findings

Treatment
recommendations

Quintard 2019

Inclusion Criteria
NA

1° endpoint
NA

R 4.1 (pediatric) –
Atropine should
probably be
administered
before intubation
during induction
in PICU for
children aged
more than 28 days
to 8 years.
Especially in
children with
septic shock,
hypovolemia or
when
suxamethonium is
used. (Grade 2 +)
Strong agreement

SFAR and SRLF
Expert Guidelines of
intubation and
extubation

{Quintard 2019
13}

RCT: NA
Study
Acronym;
Author;
Year
Published

Study Aim
French Society
of Anaesthesia
and Intensive
Care Medicine
(SFAR) and
Frenchspeaking
Intensive Care
Society (SRLF)
expert
guidelines for
intubation and
extubation of
the ICU patient.

2° endpoint
NA

2019

Aim of Study;
Study Type;
Study Size (N)

Patient
Population

Study Intervention
(# patients) /
Study Comparator
(# patients)

Endpoint Results
(Absolute Event
Rates, P value;
OR or RR; &
95% CI)

Relevant 2°
Endpoint (if
any);
Study
Limitations;
Adverse Events

Study Aim:

Inclusion
Criteria:

Intervention:

1° endpoint:

Study
Limitations:

Study Type:

Comparison:

Non-Randomized Trials, Observational Studies and/or Registries
Study Acronym;
Study
Patient
Primary
Author;
Type/Design;
Population
Endpoint and
Year Published
Study Size (n)
Results (Include P
value; OR or RR;
& 95% CI)
Eisa 2015
Study Aim
Inclusion Criteria 1° endpoint
To determine
ASA I&2 infants
Incidence of
{Eisa 2015 684}
heart rate
<15 kg undergoing bradycardia or
response to
elective surgery
arrhythmias – no
atropine (<0.1
with no underlying bradycardia (95%
mg = 5 mcg/kg)
CI for incidence =
heart disease or
in anaesthetised
5%); 3/60 had
predisposition to
young infants.
arrhythmia.

Summary/Conclusion
Comment (s)

Summary
Atropine, in doses <
0.1mg (previously
recommended minimum
dose) were not
associated with
bradycardia or
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minor arrhythmia
(2 PAC, 1 PVC)

Study Type
Prospective,
single cohort
interventional

Jones 2014
{Jones 2014 e86766}

N=60
Study Aim
To determine the
impact of
atropine premedication on
“lost heart beats”
during intubation
of critically ill
children.

Inclusion Criteria
Children <8 years
of age undergoing
first intubation in
PICU and not in
asystole

Study Type
Secondary
analysis of
prospective 2year
observational
cohort

2° endpoint
HR compared to
baseline – 50% of
subjects
1° endpoint
Lost heart beats
during intubation
comparing those
who received and
did not receive
atropine
premedication:
median lost beats =
8 without atropine
(1-32) and 0 (0-0)
with atropine.
76% vs 19% of
intubations
resulted in lost
beats without vs
with atropine
(p<0.001).

arrhythmias in small
infants. Does not
support old minimum
atropine dose
recommendation.
Supports 2015 removal
of minimum dose.
ETI without atropine
premedication in
children <8 years old in
the PICU was
associated with “lost
heart beats” while the
use of atropine
premedication was not.

N= 245

Gill 2014
{Gill 2014 1394}

Study Aim
To determine the
effect of
premedication
and intubation on
heart rate of term
neonates
undergoing
therapeutic
hypothermia for
neonatal
encephalopathy
Study Type
Secondary
analysis of pilot
prospective study
of Therapeutic
Hypothermia
with and without

Inclusion Criteria
Neonates >36
weeks EGA with
Apgar scores <5 at
10 min and/or
continued need for
resuscitation at 10
min and/or acidosis
(pH <7.0 and/or
base deficit > 15
mmol/L) within 60
min of birth; signs
of moderate to
severe
encephalopathy; at
least 30 min EEG
with moderate to
severe depression
or seizure activity;
intubation and

2° endpoint
HR during
intubation
comparing
atropine vs. no
atropine: mean HR
fell from 153 (129178) to 107 bpm
(68-148) without
atropine and
increased to 156
bpm (123-188)
with atropine
1° endpoint
Effect of
premedication and
intubation on HR:
HR was increased
at 5, 6, 7 postnatal
hours by previous
administration of
atropine in linear
regression model
(p<0.01);
2° endpoint
Association
between atropine
induced increased
HR and total dose
of morphine for
sedation: total
morphine doses up

Atropine premedication
is associated with
sustained higher HR in
intubated neonates
treated with therapeutic
hypothermia and was
also associated with
increased doses of
morphine for sedation.
No bradycardia
requiring treatment was
observed during
intubation in neonates
who received (n=53) or
did not receive (n=11)
atropine
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50% Xenon
inhalation.
observational
cohort
N= 32

mechanical
ventilation with
<40% FiO2
requirement.

to 8 hours postnatal life were
significantly
higher in neonates
who received >1
dose of atropine
premedication
(p<0.01).

Reviewer Comments (including whether meet criteria for formal review):
A total 1008 titles were returned by the combined PubMed, EMBASE and Cochrane search strategies from 20152019. An additional study was found through independent searching.
Only 1 non-randomized small study related to the question of atropine dosing (Eisa et al, 2015) which supported
the previous recommendation PEDS821 from 2015 that “A dose of 0.02 mg/kg of atropine with no minimum
dose may be considered when atropine is used as a premedication for emergency intubation (Class IIb, LOE CLD).”
A total of 3 full manuscripts (one society expert opinion; one secondary analysis of a small pilot RCT without
randomization of atropine; one secondary analysis of a previously included prospective observational cohort)
were reviewed.

Reference list
1: Truong L, Kim JH, Katheria AC, Finer NN, Marc-Aurele K. Haemodynamic effects
of premedication for neonatal intubation: an observational study. Arch Dis Child
Fetal Neonatal Ed. 2019 Apr 29. pii: fetalneonatal-2018-316235. doi:
10.1136/archdischild-2018-316235. [Epub ahead of print] PubMed PMID: 31036701.
2: Vedrenne-Cloquet M, Breinig S, Dechartres A, Jung C, Renolleau S,
Marchand-Martin L, Durrmeyer X. Cerebral Oxygenation During Neonatal
Intubation-Ancillary Study of the Prettineo-Study. Front Pediatr. 2019 Mar
1;7:40. doi: 10.3389/fped.2019.00040. eCollection 2019. PubMed PMID: 30881948;
PubMed Central PMCID: PMC6407664.
3: Quintard H, l'Her E, Pottecher J, Adnet F, Constantin JM, De Jong A, Diemunsch
P, Fesseau R, Freynet A, Girault C, Guitton C, Hamonic Y, Maury E,
Mekontso-Dessap A, Michel F, Nolent P, Perbet S, Prat G, Roquilly A, Tazarourte
K, Terzi N, Thille AW, Alves M, Gayat E, Donetti L. Experts' guidelines of
intubation and extubation of the ICU patient of French Society of Anaesthesia and
Intensive Care Medicine (SFAR) and French-speaking Intensive Care Society (SRLF)
: In collaboration with the pediatric Association of French-speaking
Anaesthetists and Intensivists (ADARPEF), French-speaking Group of Intensive Care
and Paediatric emergencies (GFRUP) and Intensive Care physiotherapy society
(SKR). Ann Intensive Care. 2019 Jan 22;9(1):13. doi: 10.1186/s13613-019-0483-1.
PubMed PMID: 30671726; PubMed Central PMCID: PMC6342741.
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4: Bourgoin L, Caeymaex L, Decobert F, Jung C, Danan C, Durrmeyer X.
Administering atropine and ketamine before less invasive surfactant
administration resulted in low pain scores in a prospective study of premature
neonates. Acta Paediatr. 2018 Jul;107(7):1184-1190. doi: 10.1111/apa.14317. Epub
2018 Apr 16. PubMed PMID: 29532502.
5: Fleishman R, Mossabeb R, Menkiti O, Young M, Bains V, Cooperberg D. Transition
to Routine Premedication for Nonemergent Intubations in a Level IV Neonatal
Intensive Care Unit. Am J Perinatol. 2018 Mar;35(4):336-344. doi:
10.1055/s-0037-1607282. Epub 2017 Oct 11. PubMed PMID: 29020695.
6: Jones P. The therapeutic value of atropine for critical care intubation. Arch
Dis Child. 2016 Jan;101(1):77-80. doi: 10.1136/archdischild-2014-308137. Epub
2015 Jul 21. Review. PubMed PMID: 26199407.
7: Eisa L, Passi Y, Lerman J, Raczka M, Heard C. Do small doses of atropine (<0.1
mg) cause bradycardia in young children? Arch Dis Child. 2015 Jul;100(7):684-8.
doi: 10.1136/archdischild-2014-307868. Epub 2015 Mar 11. PubMed PMID: 25762533.
8: Gill H, Thoresen M, Smit E, Davis J, Liu X, Dingley J, Elstad M. Sedation
management during therapeutic hypothermia for neonatal encephalopathy: atropine
premedication for endotracheal intubation causes a prolonged increase in heart
rate. Resuscitation. 2014 Oct;85(10):1394-8. doi:
10.1016/j.resuscitation.2014.07.002. Epub 2014 Jul 22. PubMed PMID: 25063373.
9: Le CN, Garey DM, Leone TA, Goodmar JK, Rich W, Finer NN. Impact of
premedication on neonatal intubations by pediatric and neonatal trainees. J
Perinatol. 2014 Jun;34(6):458-60. doi: 10.1038/jp.2014.32. Epub 2014 Feb 27.
PubMed PMID: 24577435.
10: Durrmeyer X, Dahan S, Delorme P, Blary S, Dassieu G, Caeymaex L, Carbajal R.
Assessment of atropine-sufentanil-atracurium anaesthesia for endotracheal
intubation: an observational study in very premature infants. BMC Pediatr. 2014
May 7;14:120. doi: 10.1186/1471-2431-14-120. PubMed PMID: 24886350; PubMed
Central PMCID: PMC4028002.
11: Jones P, Ovenden N, Dauger S, Peters MJ. Estimating 'lost heart beats' rather
than reductions in heart rate during the intubation of critically-ill children.
PLoS One. 2014 Feb 4;9(2):e86766. doi: 10.1371/journal.pone.0086766. eCollection
2014. PubMed PMID: 24503645; PubMed Central PMCID: PMC3913569.
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Appendix C-25
2020 Evidence Update Worksheet
Cricoid pressure during intubation (PLS 376: EvUp)
Worksheet author(s): Lauritsen
Council: ERC
Date Submitted:
PICO / Research Question: PLS 376 (ERC RR4.3)
Among infants and children who are in respiratory failure requiring emergent endotracheal intubation in any setting (P),
does use of cricoid pressure or laryngeal manipulation (I), compared with no use (C), change outcome (O)?
Adjusted:
P: infants and children who are being treated for acute illness or injury in any setting, during the first hour of treatment
I: the use of cricoid pressure or laryngeal manipulation during endotracheal intubation
C: any other type of or no laryngeal manipulation
O: all
Type: intervention
Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or
later) that concern directly the population and intervention described above.
STEP 1: Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled
before-and-after studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case
series are included if they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference abstracts,
trial protocols) are excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined
above but considered informative as additional evidence – taking into account severe indirectness- for the final evaluation of the writing group’s
conclusions regarding the implications for practice and research.
Timeframe: For STEP 1, all years and all languages are included, as long as there is an English abstract. If in Step 0 a review, guideline or COSTR of
high quality is withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in case
of a high-quality review, guideline or COSTR, search can be limited to beyond dates and/or scope of that
Additional Evidence Reviewer(s): Hoffman
Conflicts of Interest (financial/intellectual, specific to this question): _ Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: PLS 39
Consensus on Science
There are no data to show that cricoid pressure prevents aspiration during rapid sequence or emergency tracheal intubation in infants or children.
Two LOE 5 studies 170,171 showed that cricoid pressure may reduce gastric inflation in children. One LOE 5 study in children 172 and 1 LOE 5
study in adult cadavers 173 demonstrated that esophageal reflux is reduced with cricoid pressure.
In 1 LOE 5 adult systematic review 174 laryngeal manipulation enhanced BMV or intubation in some patients while impeding it in others. One LOE
5 study in anesthetized children1 75 showed that cricoid pressure can distort the airway with a force of as low as 5 newtons.
Treatment Recommendations
If cricoid pressure is used during emergency intubations in infants and children it should be discontinued if it impedes ventilation or interferes with
the speed or ease of intubation.
2010 Search Strategy: /
Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):
170. Moynihan RJ, Brock-Utne JG, Archer JH, Feld LH, Kreitzman TR. The effect of cricoid pressure on preventing gastric insufflation in infants and
children. Anesthesiology. 1993;78:652– 656.
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171. Salem MR, Wong AY, Mani M, Sellick BA. Efficacy of cricoid pressure in preventing gastric inflation during bag- mask ventilation in pediatric

patients. Anesthesiology. 1974;40:96 –98.

172. Salem MR, Wong AY, Fizzotti GF. Efficacy of cricoid pressure in preventing aspiration of gastric contents in paediatric patients. Br J Anaesth.

1972;44:401– 404.

173. Salem MR, Joseph NJ, Heyman HJ, Belani B, Paulissian R, Ferrara TP. Cricoid compression is

effective in obliterating the esophageal lumen in the presence of a nasogastric tube. Anesthesiology. 1985;63:443– 446.

174. Ellis DY, Harris T, Zideman D. Cricoid pressure in emergency department rapid sequence tracheal intubations: a risk-benefit analysis. Ann

Emerg Med. 2007;50:653– 665.

175. Walker RW, Ravi R, Haylett K. Effect of cricoid force on airway calibre in children: a bronchoscopic assessment. Br J Anaesth. 2010;104:71–74.

2019 Search Strategy:
Database searched: Pubmed - Embase
Date Search Completed: 1 DEC 2019
Used terms
intubation, endotracheal; Cricoid pressure; BURP; ‘external laryngeal manipulation’; either as individual term (ti,ab,kw) or related
MESH Term; combined using Bolean operators
• specific blocks defined for certain indicators:
o paediatric: to define the ‘paediatric population’ we used the predefined BMI block (https://blocks.bmi-online.nl)
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o To exclude NOT "Letter"[Publication Type] OR "Editorial"[Publication Type] OR “Comment"[Publication Type])
• For Embase we prefiltered to avoid Medline duplicates by using [embase]/lim NOT ([embase]/lim AND [medline]/lim) Search Results
(Number of articles identified / number identified as relevant): 380
STEP 0: 1 SR
STEP 1: 2 observational trials from the same group, overlapping study populations

•

Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex: studies primarily concerning other ALS interventions; animal studies; letters, editorials or comments; unpublished studies (e.g., conference
abstracts, trial protocols), no English abstract; Newborn at Delivery

Link to Article Titles and Abstracts for 2019 search (if available on PubMed):

Summary of Evidence Update:
GUIDELINE OR SYST. REVIEW?
(Organisation); Author; Year
Published
1.
Algie 2015 CD011656

Topics addressed or PICO(S)T

# articles
identified

CP vs no CP; impact on aspiration,
impaired visualisation…

1 adult
RCT
(search:
only RCT,
till
05/2015)
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Key findings per topic: No paediatric RCT found, 1 adult RCT that did not report on any clinically relevant
outcomes for the purposes of this SR.
There is currently no information available from published RCTs on clinically relevant outcome measures with
respect to the application of cricoid pressure during RSI in the context of endotracheal intubation. On the basis
of the findings of non-RCT literature, however, cricoid pressure may not be necessary to undertake RSI safely,
and therefore well-designed and conducted RCTs should nonetheless be encouraged to properly
assess the safety and effectiveness of cricoid pressure.

Non-RCT OR OBSERVATIONAL
(acronym); Author; Year
Published
1.
Kojima 2018 106
2.
Kojima 2018 528

Results primary endpoints
(P value; OR or RR; & 95% CI)

Study type/design; Study size Patient Population
(N)
(inclusion criteria)
retrospective propensity scorematched cohort study of a
multicenter (35 PICU multinational)
registry; n=7825 events

Children (< 18 yr) with initial
tracheal intubation using direct
laryngoscopy in PICUs between July
2010 and December 2015;
(External laryngeal manipulation
was defined as any external force
to the neck during
laryngoscopy)
Primary endpoint: cricoid pressure use and the occurrence of
regurgitation. Regurgitation was reported in 35 of 1,819 (1.9%) with
cricoid pressure, and 71 of 6,006 (1.2%) without cricoid pressure
(unadjusted odds ratio, 1.64; 95% CI, 1.09-2.47; p = 0.018). On
multivariable analysis, cricoid pressure was not associated with the
occurrence of regurgitation after adjusting for patient, practice, and
known regurgitation risk factors (adjusted odds ratio, 1.57; 95% CI, 0.992.47; p = 0.054). A sensitivity analysis in propensity score- matched
cohorts showed cricoid pressure was associated with a higher
regurgitation rate (adjusted odds ratio, 1.01; 95% CI, 1.00- 1.02; p =
0.036).
The same study population was presented with another primary
endpoint in another paper: To evaluate the association between
external laryngeal manipulation use and initial tracheal intubation
attempt success in PICUs.
Of the 7,825 tracheal intubations, the initial tracheal intubation attempt
was successful in 1,935/3,274 intubations (59%) with external laryngeal
manipulation and 3,086/4,551 (68%) without external laryngeal
manipulation (unadjusted odds ratio, 0.69; 95% CI, 0.62-0.75; p <
0.001). In propensity score-matched analysis, external laryngeal
manipulation remained associated with lower initial tracheal intubation
attempt success (adjusted odds ratio, 0.93; 95% CI, 0.90-0.95; p <
0.001).

Summary/Conclusion Comments

Very low certainty evidence with high risk of bias in both papers,
however indication of no benefit of CP to regurgitation and potential
harm of laryngeal manipulation
CP was not associated with lower regurgitation rate in children in
PICU. ELM was associated with lower tracheal intubation success.
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STEP 2
Tracheal intubation is -especially in children- a high-risk event and suboptimal performance can lead to
worsened outcomes (Li 2018 e41, Lee 2016 56). This is directly related to the knowledge and skills of the team
performing the intubation procedure and ideally intubation is only performed only by those with sufficient adhoc skills and knowledge (see other related RR). Deficiencies have been described in literature, also for what
concerns the practice of laryngeal manipulation (Taguchi 2010 95’, Gabrani 2018 e242, Shiima 2018 e136,
Matettore 2019 518, Beckford 2018 716).
Adult data regarding external laryngeal manipulation, despite being not easily extrapolatable (severe
indirectness) to children, suggest similar conclusions. White et al (White 2019 Heart&Lung, in press) performed
a SR and concluded that CP failed to show any increase in protection from aspiration and potentially increased
difficulty of intubation (first attempt, views, time to). Birenbaum et al (Birenbaum 2019
9) performed a non-inferiority RCT (n=3472 anaesthesia with RSI, CP vs Sham procedure, 2014 - 2017) and
could not demonstrate the noninferiority of the sham procedure in preventing pulmonary aspiration.
Moreover, the comparison of the Cormack and Lehane grade (Grades 3 and 4, 10% vs 5%; P <.001) and the
longer intubation time (Intubation time >30 seconds, 47% vs 40%; P <.001) suggested an increased difficulty
of tracheal intubation in the CP group.
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Apart from the ‘classic’CP, several other laryngeal manipulations have been described in literature / are used in practice,
albeit without strong evidence.
• Lee et al (Lee 2013931) evaluated the effect of BURP(backward, upward and right-sided pressure
manoeuvre)vsconventionalairwaymanipulationoratwo-handedjawthrustmanoeuvrein215 patients
undergoinggeneralanaesthesiawith orotrachealintubation.Thereweresignificant differencesin
modifiedCormack-Lehanegradebetweenthethreeairwaymanipulations(p< 0.0001).Post-hoc
analysisindicated thatthemodified jawthrustimproved thelaryngealview comparedwiththe
conventional(p<0.0001)andtheBURPmanoeuvres(p<0.0001).TheBURP worsened the laryngeal view
compared with the conventional manoeuvre (p = 0.0132). The time to intubationinthemodifiedjawthrust
groupwasshorterthanwiththeconventionalmanoeuvre(p= 0.0004) and the BURP group (p < 0.0001).
• Analternativeleftparatrachealoesophagealpressuretechniquehasbeenproposed(Gautier2019 22,
Andreszkiewicz 2016 1024) in some ‘adult’ papers.

Reviewer Comments (including whether meet criteria for formal review):
There is no evidence to recommend the use of cricoid pressure to prevent regurgitation or
aspiration during rapid sequence or emergent intubation of the trachea in children. External
laryngeal manipulation (ELM) such as cricoid pressure might impair airway handling in children
and infants. Two observational studies indicate that LM impairs tracheal intubation in children
in the emergency setting.
Reference list
1.
2.

3.
4.

Algie CM, Mahar RK, Tan HB, Wilson G, Mahar PD, Wasiak J. Effectiveness and risks of cricoid pressure
during rapid sequence induction for endotracheal intubation. Cochrane Database Syst Rev. 2015 Nov
18;(11):CD011656. doi: 10.1002/14651858.CD011656
Kojima T, Harwayne-Gidansky I, Shenoi AN, Owen EB, Napolitano N, et al; National Emergency Airway
Registry for Children (NEAR4KIDS) and Pediatric Acute Lung Injury and Sepsis Investigators (PALISI). Cricoid
Pressure During Induction for Tracheal Intubation in Critically Ill Children: A Report From National
Emergency Airway Registry for Children. Pediatr Crit Care Med. 2018 Jun;19(6):528-537
Kojima T, Laverriere EK, Owen EB, Harwayne-Gidansky I, Shenoi AN, et al; National Emergency Airway
Registry for Children
(NEAR4KIDS) Collaborators and Pediatric Acute Lung Injury and Sepsis Investigators (PALISI). Clinical
Impact of External Laryngeal Manipulation During Laryngoscopy on Tracheal Intubation Success in
Critically Ill Children. Pediatr Crit Care Med. 2018 Feb;19(2):106-114.
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Appendix C-26
2020 Evidence Update Worksheet
Use of devices to verify advanced airway placement (PLS 385: EvUp)
Worksheet author(s): Joan Roberts
Council: AHA
Date Submitted: 12-1-2019
PICO / Research Question: Among infants and children who are in respiratory failure who undergo endotracheal
intubation in any setting (P), does use of devices (eg. CO2 detection device, CO2 analyzer or esophageal detector
device) (I), compared with not using devices (C), change outcome (O)?
Outcomes:
time to detection of correct airway placement
mortality
Type (intervention, diagnosis, prognosis): diagnosis
Additional Evidence Reviewer(s):
Conflicts of Interest (financial/intellectual, specific to this question):
I have no conflicts of interest related to this question.
Year of last full review: 2010 / 2015 / New question:
Last ILCOR Consensus on Science and Treatment Recommendation:
Consensus on Science No single assessment method accurately and consistently confirms tracheal tube position.
Three LOE 4 studies71,159,160 showed that when a perfusing cardiac rhythm is present in infants (2 kg) and
children, detection of exhaled CO2 using a colorimetric detector or capnometer has a high sensitivity and specificity
for confirming endotracheal tube placement. One of these studies71 included infants and children in cardiac arrest.
In the cardiac arrest population the sensitivity of exhaled CO2 detection was only 85% (ie, false-negatives
occurred), whereas the specificity remained at 100%. One neonatal LOE 5 study161 of delivery room intubation
demonstrated that detection of exhaled CO2 by capnography was 100% sensitive and specific for detecting
esophageal intubation and took less time than clinical assessment to identify esophageal intubation. Two additional
neonatal LOE 5 studies162,163 showed that confirmation of tracheal tube position is faster with capnography than
with clinical assessment. Two pediatric LOE 4 studies164,165 showed that in the presence of a perfusing rhythm,
exhaled CO2 detection or measurement can confirm tracheal tube position accurately during transport, while 2 LOE
5 animal studies166,167 showed that tracheal tube displacement can be detected more rapidly by CO2 detection than
by pulse oximetry. One LOE 2 operating room study168 showed that the esophageal detector device (EDD) is
highly sensitive and specific for correct tracheal tube placement in children 20 kg with a perfusing cardiac rhythm;
there have been no studies of EDD use in children during cardiac arrest. An LOE 4 operating room (ie, non-arrest)
study169 showed that the EDD performed well but was less accurate in children 20 kg. Treatment
Recommendations Confirmation of tracheal tube position using exhaled CO2 detection (colorimetric detector or
capnography) should be used for intubated infants and children with a perfusing cardiac rhythm in all settings (eg,
out-of-hospital, emergency department, ICU, inpatient, operating room). In infants and children with a perfusing
rhythm, it may be beneficial to monitor continuous capnography or frequent intermittent detection of exhaled CO2
during out-of-hospital and intra-/interhospital transport. The EDD may be considered for confirmation of tracheal
tube placement in children weighing 20 kg when a perfusing rhythm is present.
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2010/2015 Search Strategy: none performed
2019 Search Strategy:
Date Search Completed: 11/30/2019
#1 child
#2 children
#3 infant
#4 = 1 AND 2 AND 3
#5 = #4 AND capnography
#6 = #4 AND intubation
#7 = #4 AND carbon dioxide detection
#8 = #4 AND esophageal detection
#9 = airway complications AND capnography
Articles Identified: 346 Articles identified as relevant 39

2179046
1238649
1174974
662043
127
5796
40
89
90

Inclusion/Exclusion Criteria:
Inclusion: 1-1-2008 to 12-1-2019, English,
Exclusion: NonHuman, Non English
Link to Article Titles and Abstracts (if available on PubMed):
(see references)
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and scoping reviews.
Relevant Guidelines or Systematic Reviews
Organisation (if
relevant);
Author;
Year Published
Hawkes GA, 2014

PREDICT
Long E
2017

Guideline or
systematic
review

Topic addressed
or PICO(S)T

Number of
articles
identified

Systematic
review

ETCO2
monitoring in
preterm infants
in the delivery
room

21

Key findings

Treatment
recommendations

Quantitative
Based on these findings the
capnography was
overall recommendation for
use of a qualitative CO2
shown to be
quicker and more
detector in confirming ETT
accurate in
placement in neonates is
confirming correct level B.
ETT placement
compared to
clinical assessment
in the delivery
room and in the
NICU
Guideline for
Corrective
Primary aim was
Expert consensus airway
Implementation actions based on
to improve the
algorithm provided a
NAP4
safety of hospital‐
framework for the
wide airway
development of all
management
subsequent airway
through
interventions.
governance,
including shared
mental models,
uniform
equipment
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stocking and

2018
Cook

Guideline

Summary of
NAP4

layout, and a focus
on avoidance of
human factor
error (e.g.,
fixation).
Randomised
controlled trials
performed in low‐
risk patients are
unable to answer
questions about
safety in complex
patient
populations or
high‐risk settings,
and these data
must be sought
elsewhere.
Compared with
anaesthesia,
events leading to
death or brain
damage were 35‐
fold higher in ED
cases and 55‐fold
higher in ICU
cases.

Failure to use capnography
in patients whose lungs were
ventilated likely contributed
to more than 70% of ICU‐
related deaths. This included
contributions to failure to
identify airway
displacements or to
diagnose correct or failed
rescue, including
oesophageal intubation.
Failure of interpretation of
capnography also
contributed. Increasing use
of capnography on ICUs was
judged the single change
with the greatest potential
to prevent deaths such as
those reported to NAP4.C
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Acronym;
Author;
Year Published

Hosono
2009

Aim of Study;
Study Type;
Study Size (N)

Patient Population

Study
Intervention
(# patients) /
Study
Comparator
(# patients)

Endpoint Results
(Absolute Event
Rates, P value; OR or
RR; & 95% CI)

Study Aim:
Study Type:

Inclusion Criteria:

Intervention:
Comparison:

1° endpoint:

To investigate
whether end-tidal
CO2 monitoring is
useful for more
rapid recognition
of tracheal vs.
esophageal
intubation as
compared to
standard clinical
evaluation

preterm infants in
delivery room
during neonatal
resuscitation at
birth

Tracheal tube
placement was
evaluated either
using an end-tidal
CO2 monitor by an
investigator not
involved in the
resuscitation, or
by evaluation of
clinical
parameters by a
resuscitation team
unaware of the
end-tidal CO2
data. The time
taken to detect
accurate
placement of the
tube using
capnometory vs.
clinical
determination of
tracheal or
esophageal tube
placement was
compared

The mean time in
seconds for
capnographic
determination was
significantly faster
than clinical
determination for
both tracheal (7.5±1.3
vs. 17.0±3.4, P<0.01)
and esophageal
intubation (6.5±0.7 vs.
19.9±1.8, P<0.01).

Infants less than 32
weeks EGA in
delivery room
receiving face mask
ventilation
immediately after
delivery

Patients were
randomly
assigned to the
use of a
disposable
PediCap EtCO2
detector
(Covidien, Dublin,
Ireland)
(qualitative) or a
Microstream side
stream
capnography
device (Covidien)
(quantitative) for
FMV in the
delivery room, via
a NeoPuff T-piece
resuscitator

There was no
difference in the
primary outcome;
64% (21/33) of infants
in the quantitative
group were within the
PaCO2 range
compared with 54%
(14/26) in the
qualitative group
(P = .594)

N = 40

Hawkes GA
2017

To compare the
ability of
qualitative versus
quantitative
methods of endtidal carbon
dioxide (EtCO2)
detection to
maintain
normocarbia
during face mask
ventilation (FMV)
of preterm infants
(<32 weeks) in the
delivery room
Study type:
N = 59

Nonrandomized Trials, ObservationalDownloaded
Studies from www.aappublications.org/news by guest on November 18, 2020

Relevant 2°
Endpoint (if
any);
Study
Limitations;
Adverse
Events
Study
Limitations:

Study Acronym;
Author;
Year Published

Study Type/Design;
Study Size (N)

Patient Population

Primary Endpoint and Results
(include P value; OR or RR; &
95% CI)

Summary/Conclusion
Comment(s)

2018
Karlsson J

Study Type:
Observational
N = 15

Observational
27 PICUs and 143
NICUs
Observational
N = 64

1° endpoint:
Validation of pulmonary blood
flow measured via
capnography compared to 2D
doppler
100% of PICU and 18% of NICU
sites had capnography
available always
median time for initial
detection of ETCO2 following
intubation was 3.7 (range 0–
44) s, which was significantly
shorter than the median time
for ETCO2 to reach 4 mm Hg
(5.3 (range 0–727) s) and to
reach 15 mm Hg (8.1 (range 0–
827) s) (both P<0.001).

Substantiates quantitative
value of capnography

2018
Foy KE

Inclusion Criteria:
Children
undergoing cleft
lip/palate
procedure
Survey of UK PICU
and NICU units

2018
Hunt KA

2018
NEAR4KIDS
Langhan ML

Multicenter
retrospective cohort
study
N= 9,639

2017
Bullock A

Retrospective
observational study
N= 292

2015
NEMESIS data set
Hansen N

Retrospective
observational study
N= 1,173,493
pediatric EMS
activations

premature infants
(27-33wks)

Primary tracheal
intubation in
children less than
18 years of age

Waveform capnography use
increased over time (39% in
2010 to 53% in 2015; p <
0.001), whereas colorimetry
use decreased (< 0.001).
The rate of esophageal
intubation with delayed
recognition was similar with
waveform capnography versus
colorimetry (0.39% vs. 0.46%;
p =0.62). The rate of cardiac
arrest was also similar (p =
0.49).

Children aged 0 to
21 years who were
intubated or
received CPR in 2
academic children's
hospital EDs
all EMS activations
for patients less
than 18 years of
age, including
activations where
care was provided
but the patient was
not transported

There was an overall decrease
in capnography use after
publication of the 2010 AHA
recommendations (P = 0.05).

Objective of this study was to
characterize pediatric out-ofhospital airway management
interventions, success rates,
and complications in the
United States.
4.5% of patient care events
involved airway management
procedures (42,936).

Wide practice variation
between PICU and NICU
on capnography usage
The time for ETCO2 to be
detected following
intubation in the delivery
suite is variable
emphasizing the
importance of using
clinical indicators to
assess correct
endotracheal tube
position in addition to
ETCO2 monitoring.
Capnography is likely to
detect ETCO2 faster than
colorimetric devices.
Significant variations
existed in capnography
use
across institutions, with
the use increasing over
time in both
emergency departments
and ICUs. The use of
capnography during
intubation was not
associated with
esophageal intubation
with delayed recognition
or the occurrence of
cardiac arrest.
Capnography use was
associated with a longer
duration of CPR and
return of spontaneous
circulation.

ETI is the most commonly
performed advanced
airway procedure in
children in the US.
However, advanced
airway procedures have
lower success rates in
children compared to
adults. Advanced airway
Downloaded from www.aappublications.org/news by guest on November 18, 2020
procedures are

2015
Hawkes GA

2019
Özkurtul O

2015
Dyett JF

2011
Cook TM

Capnography was used during infrequently performed
by individual providers
36.8% of intubations.
and are likely relatively
Colorimetric end-tidal CO2
rare events in their
devices were documented as
careers. CO2-based
being used in 14.6% of
confirmation techniques
intubations, quantitative
were used with low rates
capnography in 22.2%, and
esophageal bulbs were used in though should be used in
3.9%.
every pediatric intubation
Simulation study N = Manikin with CO2
Objective was to compare the
Did not measure mask
effectiveness of an in‐line
leak
23 trainees
production
EtCO2 detector (DET) and a
receiving mask
quantitative EtCO2 detector
ventialtion
(CAP), both attached to a t‐
piece resuscitator, during PPV
via a face mask. Fourteen
(61%) of the trainees indicated
a preference for the DET
method, 8 (35%) for the CAP
method and 1 (4%) for the ND
method. However, when each
individual's performance was
assessed according to the
method used, there was no
difference between the groups
whereby the CAP method
performed best (45.4%)
compared to DET method
(32%) and the ND method
(22.7%)(p value = 0.42).
Retrospective study
All patients who
Tube malpositions were
recognized in nine patients
N = 151
underwent out-ofhospital ETI before (5.9%). Accidental and
unrecognized esophageal
admittance to a
intubation was detected in
level 1 trauma
five patients (3.3%) and
center
bronchial intubation in four
patients (2.7%). Although ISS
(p=0.053), AIS head (p=0.469),
on-scene GCS (p=0.151), onscene time (p=0.530), GOS
(p=0.748) and in-hospital
mortality (p=0.431) were
similar compared with
correctly positioned ETI tubes,
three esophageal intubation
patients died due to
hypoxemic complications.
Prospective
Patients receiving
Waveform capnography was
observational study
emergency airway
used to confirm endotracheal
tube placement in 133
N = 129
management
patients and there were four
outside operating
episodes of oesophageal
theatres
intubation, all of which were
recognised immediately.
Retrospective study
Reports of major
A total of 184 events met
Failure to use
inclusion criteria: 36 in ICU
capnography contributed
N = 184
complications of
Downloadedairway
from www.aappublications.org/news
guest
onIn
November
18, 2020to 74% of cases of death
and 15 inbythe
ED.
ICU, 61%
of events led to death or
management

(death, brain
damage,
emergency surgical
airway,
unanticipated ICU
admission,
prolonged ICU stay)
were collected
from all National
Health Service
hospitals over a
period of 1 yr

persistent neurological injury,
and 31% in the ED. Airway
events in ICU and the ED were
more likely than those during
anaesthesia to occur out-ofhours, be managed by doctors
with less anaesthetic
experience and lead to
permanent harm.

or persistent neurological
injury.

Reviewer Comments (including whether meet criteria for formal review):
Since 2008, several themes have emerged in publications related to this topic.
1) There continues to be wide practice variation in adopting ETCO2 presence in various settings, between delivery room, ED, ICU, and
prehospital settings, despite recommendations for the practice. (Foy, Langhan, Bullock, Hansen).
2) In settings where adoption has occurred, several studies have compared quantitative (colormetric) to quantitative (capnography or numeric
display) with small differences in the time to achieve visible change but no change in the outcome to patients with different detection
devices. (Hawkes, Langhan, Hunt, Hawkes)
3) There was one randomized controlled trial demonstrating that capnography was faster than confirmation than clinical assessment in
premature infants intubated in the delivery room. (Hosono)
4) There are no randomized controlled trials linking use of ETCO2 detection with clinical outcomes, nor are there likely to be any such trials
since the practice has been endorsed widely and recognized as a best practice.
5) Examining rare events through large data bases with focus on quality improvement provides a new lens for considering best practice rather
than relying on clinical studies. By expanding the literature search to adverse event reporting, the value of large data base research revealed
several new streams of data that confirm the strength of the recommendation for ETCO2 verification and continued usage in all
environments where patient is reliant on invasive airway for respiratory support. (Cook, Hawkes). However, one database failed to show
difference in outcome (delayed recognition of esophageal intubation) in the setting of academic pediatric ED when ETCO2 detection was
employed. (Langhan).
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2020 Evidence Update Worksheet
Ventilation rate with advanced airway during cardiac arrest (PLS 3103 A and PLS 382: EvUp)
Worksheet author(s): Jonathan Duff
Council AHA
Date Submitted: December 3rd, 2019
PICO / Research Question:
In infants and children with cardiac arrest and an advanced airway (P), does the use of a higher ventilation rate (I)
compared with the current recommendation of 8 – 10 breaths/min (C) improve outcome (ROSC, survival to discharge,
survival with favorable neurologic status) (O)?
Outcomes:
• ROSC
• Survival to Discharge
• Survival with Favourable Neurological Status
Type (intervention, diagnosis, prognosis): Intervention
Additional Evidence Reviewer(s): None
Conflicts of Interest (financial/intellectual, specific to this question): None
Year of last full review: 2010 / 2015 / New question: 2010
Last ILCOR Consensus on Science and Treatment Recommendation:
1

In 2005, the ILCOR Consensus on Science and Treatment Recommendations (CoSTR) stated that “there is insufficient data to
identify an optimal compression-ventilation ratio for CPR in children.” Furthermore, “even in asphyxial arrest, few ventilations are
needed to maintain an adequate ventilation-perfusion ratio in the presence of the low cardiac output (and, consequently, low
pulmonary blood flow) produced by chest compressions.” The specific treatment recommendations included the following: “When an
advanced airway is established (eg, a tracheal tube, esophageal-tracheal combitube [Combitube], or laryngeal mask airway [LMA]),
ventilations are given without interrupting chest compressions.” While the CoSTR document does not specifically recommend a rate
of ventilations following establishment of an advanced airway, the AHA Pediatric Advanced Life Support Guidelines recommend 8 –
10 breaths/min during continuous chest compressions: “If an advanced airway is in place during CPR (eg, endotracheal tube,
2

Combitube, LMA), ventilate at a rate of 8 to 10 times per minute without pausing chest compressions.” In contrast, the European
Resuscitation Council guidelines recommendations state, “once the airway is protected by tracheal intubation, continue positive
−1

3

pressure ventilation at 12—20 breaths min without interrupting chest compressions.” The rationale for the AHA’s use of 8 – 10
breaths/min was consistency with the adult guidelines and the absence of data to support a different rate of ventilations, while the
ERC adult guidelines suggest a ventilation rate of 10 breaths/min after the airway is secured.
These recommendations are based on the following scientific evidence from animal models: (1) Ventilation vs. no ventilation appears
to improve outcome from cardiac arrest, including asphyxial cardiac arrest (Idris 1994 [827-834], Berg 1999 [1893] LOE 5) and
fibrillatory arrest (Yannopoulos 2010 [254] LOE 5); (2) Hyperventilation is deleterious to hemodynamics during CPR, by raising
intrathoracic pressure and reducing coronary perfusion pressure (Aufderheide 2004, LOE 5 [S345-351]); (3) During low-flow states,
mixed venous oxygen saturation and oxygen delivery are primarily related to cardiac output, and are minimally affected by changes
in minute ventilation [Idris (1994 ), LOE 5], and that during cardiac arrest decreasing minute ventilation by up to 50% produces
acceptable blood gas parameters (Winkler 1998, LOE 5 [201-6]).
Two animal studies, including one from 2007, demonstrated that the use of either oxygen insufflation or continuous positive airway
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pressure (CPAP) can provide adequate gas exchange during CPR (Hayes 2007 [357-365] LOE 5 and Hevesi 1999 [1077-1083] LOE

5). A randomized trial using adult humans with out-of-hospital cardiac arrest showed no differences in ROSC, hospital admission, or
survival to discharge between patients who received mechanical ventilation compared with constant oxygen insufflation (Bertrand
2006 LOE 1). Collectively, these data suggest that decreasing minute ventilation from baseline in proportion to the decrease in cardiac
output during CPR may provide sufficient gas exchange without the negative effects of hyperventilation. Furthermore, the possibility
that adequate oxygenation may be provided without use of positive pressure ventilations is an intriguing concept that requires further
investigation.

2015: When the victim has an advanced airway in place during CPR,
rescuers no longer deliver cycles of 30 compressions and 2
breaths (ie, they no longer interrupt compressions to deliver
2 breaths). Instead, it may be reasonable for the provider to
deliver at least 1 breath every 6 seconds (10 breaths per minute) while
continuous chest compressions are being performed (Class
IIb, LOE C-LD). There is insufficient evidence that hyperventilation is detrimental
This represents a simplification of the 2010
Guidelines recommendations, to provide a single number that
rescuers will need to remember for ventilation rate, rather than
a range of numbers.
Recent data suggests that higher ventilation rates were not detrimental and may be associated with increased survival.
Add to comments: Guideline-dependent rate is difficult for providers

2010 AHA
If an advanced
airway is in place, cycles of compressions and ventilations
are no longer delivered. Instead the compressing rescuer
should deliver at least 100 compressions per minute
continuously without pauses for ventilation. The ventilation
rescuer delivers 8 to 10 breaths per minute (a breath
every 6 to 8 seconds), being careful to avoid excessive
ventilation in the stressful environment of a pediatric
arrest.

2010/2015 Search Strategy:
PubMed “heart arrest”, “cardiac arrest” or “cardiopulmonary resuscitation” as MESH (headings) AND “Ventilation” and “Minute
ventilation” as textwords in abstract.
EMBASE search using text words (all fields) ventilation AND (cardiac arrest OR resuscitation)
AHA EndNote Master library, Cochrane database for systematic reviews, Central Register of Controlled Trials, Review of references
from articles.

2019 Search Strategy:
#1

#2
#3

Concept
CPR

Keyword
MeSH
CPR[tiab] OR
Cardiopulmonary
cardiopulmonary
Resuscitation[MeSH]
resuscitation[tiab] OR
cardio-pulmonary
resuscitation[tiab] OR
chest compressio*[tiab]
OR compressio*[tiab]
Basic Cardiac Life
BLS
Support[tiab] OR basic life
support[tiab]
Cardiac Arrest
Cardiac arrest[tiab] OR
Heart Arrest[MeSH]
heart
arrest[tiab]
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#4

Respiration

#5
#6

Rate
Ventilation Rate
CPR and Rate of
ventilation

#7

(Respiratio*[tiab] OR
ventilatio*[tiab] OR
breath*[tiab])
Rate[tiab]
#4 AND #5
(#1 OR #2 OR #3) AND #6

(Positive-Pressure
Respiration[MeSH])

((((((((((((Cardiopulmonary Resuscitation[MeSH]) OR compressio*[tiab]) OR chest compressio*[tiab]) OR cardio-pulmonary resuscitation[tiab]) OR
cardiopulmonary resuscitation[tiab]) OR CPR[tiab])) OR ((basic life support[tiab]) OR Basic Cardiac Life Support[tiab])) OR (((Heart Arrest[MeSH])
OR heart arrest[tiab]) OR Cardiac arrest[tiab]))) AND ((rate[tiab]) AND ((((ventilatio*[tiab]) OR breath*[tiab]) OR Respiratio*[tiab]) OR PositivePressure Respiration[MeSH])))) NOT animals[mesh]
Database searched: Pubmed, hand search of references from relevant articles
Date Search Completed: Ran November 21, 2019

Search Results (Number of articles identified / number identified as relevant):
• 182 abstracts identified
• 13 pulled for full-text review
• 1 paper included in analysis
Inclusion/Exclusion Criteria:
• Human studies
• English abstract
• Reviews/case reports/letters excluded
Link to Article Titles and Abstracts (if available on PubMed):
Ventilation Rates and Pediatric In-Hospital Cardiac Arrest Survival Outcomes.
Sutton RM1, Reeder RW2, Landis WP1, Meert KL3, Yates AR4, Morgan RW1, Berger JT5, Newth CJ6, Carcillo JA7, McQuillen
PS8, Harrison RE9, Moler FW10, Pollack MM5,11, Carpenter TC12, Notterman DA13, Holubkov R2, Dean JM2, Nadkarni VM1, Berg
RA1; Eunice Kennedy Shriver National Institute of Child Health and Human Development Collaborative Pediatric Critical Care
Research Network (CPCCRN).

https://www.ncbi.nlm.nih.gov/pubmed/31369424
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and
scoping reviews.
Relevant Guidelines or Systematic Reviews – None found
Organisation
(if relevant);
Author;
Year
Published

Guideline or
systematic
review

Topic
addressed or
PICO(S)T

Number of
articles
identified

Key findings

Treatment
recommendations
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RCT:
Study
Acronym;
Author;
Year Published

Aim of Study;
Study Type;
Study Size (N)

Patient
Population

Study
Intervention
(# patients) /
Study
Comparator
(# patients)

Endpoint Results
(Absolute Event
Rates, P value; OR
or RR; & 95% CI)

Study Aim:

Inclusion
Criteria:

Intervention:

1° endpoint:

Relevant 2°
Endpoint (if
any);
Study
Limitations;
Adverse
Events
Study
Limitations:

Comparison:
Nonrandomized Trials, Observational Studies
Study
Study
Patient
Acronym;
Type/Design;
Population
Author;
Study Size (N)
Year Published
Sutton, et al,
2019

Study Type:
Examine
association
between
ventilation rate
during IHCA with
BP and survival
Study Type:
Observational
registry study
N=47 patients
(52 events)

Inclusion
Criteria:
Intubated
children
(>37wks GA to
19yo) who
received at least
one minute of
CC

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

Summary/Conclusion
Comment(s)

1° endpoint:
Survival to hospital
discharge: Ventilation
rates in survivors 33.0
(29.6-37.8) vs. 26.9 (20-235.6)
High vent rate (>35 in
under 1; >30 in older):
OR 4.73 (1.17-19.13;
p=0.029) for intact
survival. Still significant
when adjusted for
location, initial rhythm,
time of day

Higher ventilation
rates associated with
improved outcomes
No patient received
guideline-compliant
ventilation rates

2° endpoint;
ROSC: High vent rate: OR
4.64 (1.32-16.27;
p=0.017)
SBP:
<1yo: No assoc
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>1yo: ⇓ SBP as rates
increased (-17.8 per
10bpm increase)
DBP:
<1yo: No association
>1yo: No association

Reviewer Comments (including whether meet criteria for formal review):
One multi-center observational registry study reported that increased ventilation rates during ICHA arrest in intubated
ICU patients was associated with improved neurologically intact survival.
Reference list
Sutton, R. M., Reeder, R. W., Landis, W., Meert, K. L., Yates, A. R., Berger, J. T., ... & Moler, F. W. (2018). Chest compression rates
and pediatric in-hospital cardiac arrest survival outcomes. Resuscitation, 130, 159-166.
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PALS: RESUSCITATION DRUG ADMINISTRATION AND TIMING
Appendix C-28
2020 Evidence Update Worksheet
Methods of calculating pediatric drug doses (PLS 420: EvUp)
Worksheet author(s): Garth Meckler and Melissa Chan
Council AHA
Date Submitted: Nov 27th, 2019
PICO / Research Question: In pediatric patients with cardiac arrest (pre-hospital [OHCA] or in-hospital [IHCA]) (P), does the use of any specific
alternative method for calculating drug dosages (I) compared with standard weight-based dosing (C), improve outcome (e.g., achieving expected
drug effect, ROSC, survival, avoidance of toxicity) (O)?
Outcomes:
Type (intervention, diagnosis, prognosis): Intervention
Additional Evidence Reviewer(s): n/a
Conflicts of Interest (financial/intellectual, specific to this question): n/a
Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation (2010):
Consensus on Science: Eight LOE 5 studies concluded that length-based methods are more accurate than age-based or observer (parent or
provider) estimate-based methods in the prediction of body weight. Four LOE 5 studies suggested that the addition of a category of body habitus
to length may improve prediction of body weight. Six LOE 5 studies attempted to find a formula based on drug pharmacokinetics and physiology
that would allow the calculation of a pediatric dose from the adult dose.
Treatment Recommendations: In non-obese pediatric patients, initial resuscitation drug doses should be based on actual body weight (which
closely approximates ideal body weight). If necessary, body weight can be estimated from body length.
In obese patients, the initial doses of resuscitation drugs should be based on ideal body weight that can be estimated from length. Administration
of drug doses based on actual body weight in obese patients may result in drug toxicity.
Subsequent doses of resuscitation drugs in both non-obese and obese patients should take into account observed clinical effects and toxicities. It
is reasonable to titrate the dose to the desired therapeutic effect, but it should not exceed the adult dose.
2010/2015 Search Strategy:
Key words used: “drug or medication”, “dose or dosing”, and “arrest or resuscitation” (with corresponding MeSH headings) were used as text
words in conjunction with specific strategies (use of Boolean operators: AND, OR; clinical queries under the specific headings of therapy, harm,
diagnosis and prognosis; exploding key words) to gather the evidence from electronic databases. The best additional source of evidence was
review of references from relevant articles.
Databases searched:
AHA Master End Note Library search yielded 5 relevant citations (293 hits, April 2008)
Cochrane Databases (CDSR, CCTR and DARE) search yielded 1 relevant citation (151 hits, September 2009) Medline (OVID) search yielded 20
relevant citations (929 hits, September 2009)
PubMed search yielded 10 relevant citations (628 hits, September 2009);
EMBASE (OVID) search yielded 8 relevant citations (343 hits, September 2009)
ISI Web of Science search yielded 2 relevant citations (37 hits, September 2009)
AHA CPR Training Library search yielded 0 relevant citations (7 hits, January 2008)
After search of related articles and references from the above databases, a final list of 95 citations was compiled for further consideration
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Inclusion Criteria: Human and animal studies (children and neonates); computer models

Exclusion Criteria: Reviews (12), commentaries (4), guidelines (1), workbooks (1), editorials (1), and letters (7) were excluded. Citations that
examined processes of care (19) and educational interventions (2) were excluded. Studies of resuscitation equipment (endotracheal tubes,
laryngeal mask airways) size estimation (1) were excluded. Studies involving adults only (7) were excluded.
40 articles met criteria for detailed review. All 40 articles were LOE 5 (none were LOE 1-4 since none of the studies actually included children with
cardiac arrest).
An additional 2 articles were included as references for the discussion, but were not included in the table of evidence.
2019 Search Strategy:
Key words used: “drug or medication,” “dose or dosing,” and “arrest or resuscitation” (with corresponding MeSH headings) were used as text
words in conjunction with specific strategies (use of Boolean operators: AND, OR; clinical queries under the specific headings of therapy, harm,
diagnosis and prognosis; exploding key words) to gather the evidence from electronic databases. Additional MeSH and field terms searched
included “weights,” “measures,” “body weight” “estimate” “pharmaceutical.” Finally, individual resuscitation medications (epinephrine,
succinylcholine, rocuronium, lidocaine, amiodarone, adenosine) were searched in combination with “pharmacokinetics,” “dose” “dosing”
“dosage” “weight-based dosing,” “total body weight” “lean body mass” “ideal body weight,” and “adjusted body weight.” The “find similar”
feature was used within PubMed to find additional related articles and references from relevant articles were reviewed for additional citations.
Database searched: PubMed and Ovid
Date Search Completed: November 13, 2019
Search Results (Number of articles identified / number identified as relevant): 379/103 (estimating pediatric weight) + 242/20
(pharmacokinetics in infants and children).
Inclusion Criteria: Children and neonates; dates 2009/08/01-2019/11/02
Exclusion Criteria: Commentaries, editorials, letters, studies of resuscitation equipment size estimation, studies of adults, studies of newborns,
child self-reported weight.
Link to Article Titles and Abstracts (if available on PubMed):
See Bibliography
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and scoping reviews.
Relevant Guidelines or Systematic Reviews
Organization (if
relevant);
Author;
Year Published

Guideline or
systematic
review

Topic addressed or
PICO(S)T

Number of
articles
identified

Wells 2017
{Wells 2017 9}

Systematic
review and
metaanalysis

- Accuracy of the
Broselow tape as a
weight-estimation
instrument in
different populations

1860 studies
screened

1986-2017

Key findings

Treatment
recommendations

- Broselow
- Broselow is inferior to
tape
newer length and habitusinaccurate
based systems
compared
Weight
- Broselow on its own does
with weight
estimation
not provide sufficient drug
estimation
arm = 84
dosing information to be
- To review the
Drug Dosing techniques
used without additional
available evidence on
which take
Arm = 34
color-coded drug
the efficacy of the
into account
administration
Metatape as a drug-dosing
body habitus.
analysis =58 Can
guide during the
management of
overestimate
paediatric
weight by up
emergencies.
to 20% in low
income and
developing
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underestimat

e up to 30%
in larger
children.
- All length
based
systems all
better than
guessing or
formulas

Young 2016
{Young 2016
441}

Systematic
review
1986-2016

• Review available
evidence on the
accuracy of pediatric
weight estimation
strategies
• Parent or health
care worker
estimation, age-based
formulae, lengthbased estimation with
or without adjustment
for body habitus

2558 studies
screened, 80
included

- Drug dosing
errors are
minimized
when a drug
compendium
is added
(limiting need
for
calculations)
- Parent
estimation
was most
accurate at
predicting
actual body
weight: 7080% within
10% of actual
weight

Parental weight estimate
followed by body-habitus
adjusted anthropomorphic
measurements better
estimate children’s’ weight
than age-based or
unadjusted length-based
methods.

- Lengthbased
estimations
adjusted for
body habitus
were the next
most
accurate and
performed
better than
age-based
formulae.

- Broselow
tape was 54%
accurate
(within 10%
of actual
weight) and
superior to
age-based
formulae, but
underestimat
ed weight in
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countries and

overestimate
d weight in
developing
countries.

Matson 2017
{Matson 2017
81}
Pediatric
Pharmacy
Advocacy Group

Position
Statement
of the
Pediatric
Pharmacy
Advocacy
Group 2017
on
Medication
Dosage in
Overweight
Children.
Based on
literature
review and
expert
opinion.

- Mercy and
PAWPER
tapes using
arm
circumferenc
e
measuremen
ts were
superior to
Broselow
tape
1. Weightbased dosing
should be
used in
patients < 18
years of age
who are < 40
kg
2. For
children ≥ 40
kg, weightbased dosing
should be
used, unless
the patient’s
dose or dose
per day
exceeds the
recommende
d adult
dose for the
specific
indication;
familiarity
with adult
dosage
regimens is
needed in
order to
avoid
exceeding
the
recommende
d maximum
adult dose
3. Clinicians
should
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pharmacokin

etic analysis
for adjusting
medications
whenever
possible in
overweight/o
bese children
to ensure the
most
effective and
safe regimen
RCT: NA
Study Acronym;
Author;
Year Published

Aim of Study;
Study Type;
Study Size (N)

Patient
Population

Study Aim:

Inclusion
Criteria:

Study Type:

Study
Intervention
(# patients) /
Study
Comparator
(# patients)
Intervention:

Endpoint Results
(Absolute Event
Rates, P value; OR or
RR; & 95% CI)

Relevant 2° Endpoint (if
any);
Study Limitations; Adverse
Events

1° endpoint:

Study Limitations:

Comparison:

Nonrandomized Trials, Observational Studies Regarding Weight Estimation Strategies
Study Acronym;
Author;
Year Published

Study
Type/Design;
Study Size (N)

Patient Population

Samerchua 2019
{Samerchua 2019
705}

Study Type:
A prospective
observational
study (n=430)

Inclusion Criteria:
Healthy Thai children
aged 6m -12y
Exclusion criteria:
disabled children,
chronic steroid users,
edema from known
or unknown diseases,
and limb contracture.

Primary
Endpoint and
Results (include
P value; OR or
RR; & 95% CI)
1° endpoint:
To evaluate the
validity,
reliability, and
practicality of
different
methods for
weight
estimation
(parental
estimation,
Mercy Method,
Broselow Tape,
APLS formula) in
a Thai pediatric
population

Summary/Conclusion Comment(s)

Conclusion:
Parental estimation was the most
accurate method in every age group.
The next best alternative is the
Broselow tape in children aged 5 years
or younger and the Mercy method in
children aged older than 5 years.

Results:
A strong
correlation
between
estimated
weight and
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actual weight
all methods.

Wells 2019
{Wells 2019 301}

Parental
estimation was
the most
accurate in all
age groups,
with the lowest
overall mean
error (ME) of
−0.83 kg and
the highest
accuracy of
88.7%.
Broselow tape
was the second
most accurate
in ages younger
than 1 year and
1-to-5–year age
groups (ME =
0.23 and 0.50
kg; accuracy =
55.3% and
54.1%,
respectively).
The Mercy
method was the
second most
accurate tool in
the 6-10 year
and 11-12 year
age groups (ME
= −2.47 and
−2.77; accuracy
= 54.6% and
67.9%,
respectively).
The Broselow
tape had the
highest score
for practicality
of use.
Study Type:
Inclusion Criteria:
1° endpoint:
Conclusion:
Analysis of data
Children from 0 to 18 The accuracy of PAWPER preformed best in
pooled from
years of age who did
weight
determining TBW and IBW when
three previous
not require
estimations by
compared with Broselow and Mercy
prospective,
emergency medical
the Broselow
methods
observational,
care
tape, the
cross-sectional
PAWPER XL
weighttape and the
estimation
Mercy method
studies (n=1085)
against TBW
and IBW in
subgroups of
underweight
and obese
children, using
the percentage
of weight
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estimations that

fell within 10%
(PW10) and
20% (PW20) of
the measured
TBW or
calculated IBW
denoted overall
accuracy.

Waseem 2019
{Waseem 2019 112}

Study Type:
Observational
retrospective
chart review
study conducted
in a US pediatric
clinic (n=538)

Inclusion Criteria:
Children 0-96m,
presenting to a
pediatric clinic within
an urban hospital btw
2008-2010.

Results:
Broselow tape
estimated TBW
poorly in obese
and
underweight
children (PW10:
3.9 and 41.4%),
but estimated
IBW extremely
accurately
(PW10: 90.6%).
The Mercy
method
estimated TBW
accurately in
both obese and
underweight
children (PW10:
74.3 and 76.3%)
but did not
predict IBW
accurately
(PW10: 14.3%).
The PAWPER XL
tape predicted
TBW well
(PW10: 73.0% in
obese children
and 74.9% in
underweight
children) and
predicted IBW
extremely
accurately
(PW10: 100%).
1° endpoint: To
determine the
accuracy of the
BT in predicting
weight in
children

Conclusion:
Broselow is discrepant from actual
weight often. In a US pediatric clinic
population, it is more likely to
underestimate. It is more likely to
underestimate in:
- males
- children over 72months
- children who were overweight or
obese.

Exclusion Criteria:
Results:
Patients with any
There was a
medical condition
discrepancy in
that would
226 children
substantially affect
(42%). Broselow
underestimated
growth
of the child
Downloaded
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weight in 158

children (29.4%)
and
overestimated
in 68 children
(12.6%). Of the
158
underestimated
children, 138
were off by 1
color zone, 16
by 2 color
zones, and 4 by
more than 2
color zones.
When
characterized by
BMI, 46 children
(13.6%) had
normal BMI, 27
(45.8%) were
overweight, and
84 (80.8%) were
obese, whereas
one child (2.8%)
was
underweight.
When
compared with
children 0 to 24
months old,
children older
than 72 months
had a 2.62
greater
likelihood of
their weight
being
underestimated
(OR, 2.62; 95%
CI, 1.36–5.06 [P
= 0.004]).
Female children
were at reduced
risk when
compared with
male children
(OR, 0.39; 95%
CI, 0.25–0.59 [P
< 0.0001]).
Compared with
normal-weight
children, those
who were
overweight and
obese were at
increased risk of
underestimatio
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n (OR, 4.49; 95%

Wells 2019
{Wells 2019
e0210332}

Study Type:
Analysis of
weight estimates
generated by
PAWPER XL-MAC
tape vs Broselow
tape 2007B and
2011A and
Ralston method
using
anthropomorphic
measurements
from nutritional
surveys in 51 low
and middleincome countries
(systems were
used on dataset
measurements
rather than
actual children)

Inclusion Criteria:
Children from 6 to 59
months of age with
anthropomorphic
measurements and
weights in an open
access dataset of
2,434 surveys
(1,717,172 children 659 months) from 51
low-and middleincome countries
between 1992-2017.

CI, 2.46–8.20 [P
< 0.0001] and
[OR 22.37; 95%
CI, 12.52– 39.97
[P < 0.0001],
respectively)
1° endpoint:
The accuracy of
weight
estimations by
the PAWPER XLMAC system.
Accuracy was
calculated as
the percentage
of estimates
falling within
10% and 20% of
measured TBW.

Conclusion:
PAWPER XL-MAC performed better
than Broselow and Ralston methods.

2° endpoints:
Comparative
performance of
the PAWPER XLMAC system
with Broselow
tape and
Ralston method.
Results:
The p10 and
p20 for PAWPER
XL-MAC tape
was 79.3% and
96.9%
respectively.
By comparison
the p10 and p20
were: 64.3%
and 91.0%
(Broselow
2007B); 55.5%
and 85.9%
(Broselow
2011A); and
67.4% and 94%
for the Ralston
method.

PAWPER XLMAC performed
better than
Broselow and
Ralston
methods
respectively
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with a relative
difference in

Zhu 2019
{Zhu 2019 147}

Study Type:
Cross-sectional
analysis of
anthropometric
measurements to
derive (n=1016)
and validate
(n=457) weightestimation
formulae for
children 0-5.9
years.

Inclusion Criteria:
Children <6 years
across 8 US study
centers between
2011-2012. Children
were healthy without
illness. At least one
anthropometric
measurement
recorded.
Exclusion Criteria:
For families with
more than one child,
the youngest child
was included, and
older siblings
excluded to reduce
clustering.

accuracy (p10)
of 43% vs
Broselow
2011A, 23% vs
Broselow
2007B, and 18%
vs Ralston
method.
1° endpoint:
Mean
percentage
error (MPE) as
measure of bias;
root-meansquared
percentage
error (RMSPE)
as measure of
precision;
percentage of
estimates falling
within 10% and
20% of
measured TBW
as measures of
accuracy.

Conclusion:
New anthropometric models using
ulna and forearm measurements
performed better than age and lengthbased formulae previously studied.
Further prospective validation across
different populations is needed.

2° endpoints:
Comparative
performance of
the derived
models vs APLS,
Theron and
Traub-Johnson
formulae.
Results:
MPE and RMSPE
values for the 4
derived models
ranged from
0.1-0.7 and 7.58.6 respectively.
The accuracy of
the models
ranged from
p10 of 72.286.9% and p10
of 95.2-98.5%.

By comparison,
the APLS,
Theron, and
Traub-Johnson
formulae had
p10 accuracies
of: 61.6%,
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56.5% and
68.6%

Marlow 2019
{Marlow 2019 121}

Study Type:
Non-randomized
pilot study of
simulation
platform (n=57
participants
performed a total
of 2240 estimates
of weight)

Inclusion Criteria
Nurses, medical
students and doctors
who could be
recruited through
word of mouth and
social media

respectively and
p20 accuracies
of 82.8%, 74.5%
and 83.0%.
1° endpoint:
To assess time
taken, rate and
magnitude of
errors using the
APLS single and
triple age-based
formulae, Best
Guess and
reference table
method to
determine
estimated
weight at
varying ages on
an online
simulation
platform

Conclusion:
Weight look-up tables are faster to use
and preferred by clinicians over
calculations.
Their design can introduce
unanticipated large errors through
month/year confusion.

Results:
The reference
table was the
fastest (25 (22–
28) vs 35sec
(31–38) to 48
(43–51) s) and
most preferred,
but errors were
made using all
methods. There
was no
significant
difference in the
percentage
accuracy
between
methods (93%–
97%) but the
magnitude of
errors made
was significantly
smaller using
the three APLS
formulae 10%
(6.5–21)
compared with
reference table
(69% (34–133))
mainly from
month/year
table confusion.

Downloaded from www.aappublications.org/news by guest on November 18, 2020

Wells 2018
{Wells 2018 43}

Study Type:
prospective, nonrandomized,
simulation study
(n=32
participants)

Inclusion Criteria
Emergency medicine
registrars, emergency
medicine consultants,
and senior advanced
life support
paramedics with at
least five years’ postgraduate experience

1° endpoint:
To evaluate the
accuracy of the
four weight
estimation
systems, the
Broselow tape,
the Mercy
method, the
PAWPER XL
tape, and a
weight
estimation App,
under realistic
simulated
resuscitation
scenarios
Secondary
Endpoint:
To establish
whether patient
factors,
including
patient
positioning and
patient
cooperation,
and participant
human error
factors,
including
individual
variations in
competency,
had a
substantial
impact on the
accuracy of the
weight
estimation.

Conclusion:
The Mercy method, the App, and the
PAWPER XL tape achieved
exceptionally high accuracy even in
uncooperative and sub-optimally
positioned children when used by the
best-performing participants.
Human error, from inexperience and
inadequate training, had the most
significant impact on accuracy.
The Mercy method was the most
subject to human error, and the
PAWPER XL tape, the least.”

Results:
The Broselow
tape, Mercy
method, App
and the
PAWPER XL
tape achieved
percentages of
weight
estimation
within 10% of
actual weight in
47.7, 57.3, 68.1,
and 73.0% of
estimations,
respectively.
Patientbyposition
Downloaded from www.aappublications.org/news
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and cooperation

strongly
impacted the
accuracy of the
Broselow tape,
had a minimal
effect on the
Mercy method
and the App,
and had no
effect on the
PAWPER XL
tape. The best
performing
participants
achieved very
high accuracy
with all
methods except
the Broselow
tape.
Shrestha 2018
{Shrestha 2018 276}

Study Type:
Prospective,
cross-sectional
study (n=813)

Inclusion Criteria
children presenting to
the emergency
department and
under-fourteen
outpatient clinic at
Patan Hospital
(Napal)

1° endpoint:
To evaluate the
accuracy of
Broselow tape,
PAWPER XL
tape, and Mercy
method for
weight
estimation of
Nepalese
children visiting
the emergency
department and
under- fourteen
clinic of Patan
Hospital.

Conclusions:
PAWPER XL was best method for
determining estimated weight in this
population

Results:
The mean
percentage
error (MPE) for
Broselow,
PAWPER XL and
Mercy were –
1.0% (SD 11.8),
0.7% (10.5) and
4.2% (11.9)
respectively.
The predicted
weight within
10% was
highest for the
PAWPER XL
(71.5%)
followed by
Broselow
Downloaded from www.aappublications.org/news
guest on November 18, 2020
(63.2%)byand
Mercy (58.1%).

Choi 2018
{Choi 2018 13}

Appelbaum 2018
{Appelbaum 2018 29}

Study Type:
Retrospective
cross-sectional
database analysis
(n=91,147)

Inclusion Criteria
Subset of data from a
Korean Pediatric
Society survey
between 2005-2007
collected in nonclinical settings. Data
from children age 111 years excluding
outliers (defined as
weight for height
more than 3 x high SD
or less than 3 x low
SD).

The predicted
weight within
20% of actual
weight was
95.2%, 91.5%
and 91.3% for
PAWPER XL,
Broselow and
Mercy
respectively.
1° endpoint:
Agreement
between
Cattermole
formula
estimates and
measured
weights.

Conclusions:
Application of the Cattermole formula
based on mid-arm measurement was
less accurate than other methods
overall, though results were better
than age-based formulae for children
6-11 years of age.

Secondary
outcomes:
Comparison of
Cattermole
formula to
APLS, updated
APLS formulae,
Broselow tape
and Park
formula.

Results:
Using
Cattermole
formula, 37.9%
of estimated
weights were
within 10% of
actual weight
(p10), with a
MD of 1.35 kg
and MPE of
11.48%. By
comparison, the
p10 of the
original and
updated APLS
formulae were
40.6% and
41.5%,
Broselow was
69.1% and the
Park formula
was 48.9%
Study Type:
Inclusion Criteria
1° endpoint:
Conclusions:
A new mobile app using genderSimulated
Accuracy of the
UK National Child
dependent, habitus-adjusted agevalidation study
different
based weight estimation outperformed
Measurement
comparing
methods
from www.aappublications.org/news
by guest
18, 2020
Program
dataset
habitus-adjusted
length-based
APLS/EPALS Downloaded
compared
to on November
estimation methods and unadjusted
formulae vs.
actual weight:

habitus-adjusted
methods and the
Helix Weight
Estimation Tool
(n=1,070,743)

2015-2016 ages 4-5
and 11-12.

percentage
error, absolute
percentage
error,
percentage of
estimations
within 10% and
20% (PW10, PW
20).

methods. Further validation is
required.

Secondary
outcomes:
Comparison of
accuracy of new
digital
application
method using
body habitus,
,gender, age
(Helix Method)
vs EPALS, APLS,
ERKER, WELLS
methods.

Wells 2018
{Wells 2018 165}

Results:
Pooled APLS
and EPALS
accuracy was
poor at both
ages: PW10 was
36.5% and
28.1%. The two
habitus
adjusted
methods
performed
better: PW10
for Erker was
53.7% and Wells
was 59.4%. The
Helix genderdependent,
habitusadjusted
method
performed best
overall: PW10
was 70.4%. The
overall
estimation bias
was 1%.
Study Type:
Inclusion Criteria
1° endpoint:
Conclusions:
Prospective
138 physician, nurse,
Accuracy of
The body habitus reference image
crossover
and paramedic
weight
system was objectively much more
evaluation of
volunteers assessed
estimation from accurate than both the original gestalt
accuracy of
90 photographs and
PAWPER XL
visual estimation method and the
PAWPER XL Tape classified body
Tape using each checklist method. It was also the
from www.aappublications.org/news
2020 subjectively favored by
using three Downloaded
habitus
using all three of threeby guest on November
system18,most
different
methods. A total of
methods to
the participants.

methods of body
habitus
estimation:
gestalt, checklist,
reference images.
Participants were
volunteer
medical
professionals (EM
or pediatric
physicians,
nurses, ALS
paramedics).

Schmidt 2018
{Schmidt 2018 1389}

11,505 body habitus
scores were
generated.

classify body
habitus.
Accuracy
reported as
PW10 and
PW20

Authors concluded that this system
would be the optimum method of
habitus assessment to use with the
PAWPER-XL tape.

Secondary
outcomes:
Inter-rater
reliability within
and across
classes of
volunteers;
qualitative
analysis of
feedback on
each method of
habitus
assessment

Results:
Figural
reference image
system PW10=
70.9%, PW20
=95.9% vs
Checklist
method
PW10=61.1%,
PW20=93.9% vs
Gestalt method
PW10=60.9%,
PW20=88.5%.
Broselow and
Mercy methods
PW10= 37.8%
and 58.9%,
PW20= 68.9%
and 91.1%.
Strong
preference for
reference image
system over
other methods.
Study Type:
Inclusion Criteria:
Primary
Conclusion:
prospective,
Patients with body
Endpoint:
CLAWAR5 did not improve accuracy of
observational
length from 46 to 144 To investigate a weight estimation when compared
clinical trial
cm scheduled for
modified
with CLAWAR3
(n=312)
elective general
“Continuous
anesthesia
Length-based
Algorithm for
Weight & Age
Rating”
[CLAWAR] using
a five-staged
habitus
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see if it was

superior to the
3 staged
CLAWAR.
Results:
Method
±10%/Percentag
e deviation
(IQR;range)/MP
E
CLAWAR
61.2/8.1(3.713.9; 75 [0.075})/-1.4
True-habCLAWAR3
82.1/5.0(2.18.9; 53.1[0.053.1])/-1.7
Eval-habCLAWAR3
62.2/8,1(3.713.3;75.0[0.074.0])/-1.4
True-habCLAWAR5
81,1/5.2(2.69.0);55,1[055.1])/-3.1
Eval -HabCLAWAR5
60.6/8.0(4.313.7;57.1[0.057.1])/-3.3
Wetzel 2018
{Wetzel 2018 571}

Study Type:
Prospective
single center
observational
study comparing
length and
weight estimates
generated by a
smart-phone
camera-enabled
“Optimizer App”
and parent,
provider
estimates and
actual
measurements.

Inclusion Criteria
Children <13 years of
age admitted to the
ED at the University
Children’s Hospital of
Zurich. Critically ill
and uncooperative
children and those
without consent were
excluded.

1° endpoint:
Comparison of
Optimizer App
calculated
length with
measured
length
(validated
stadiometer).

Conclusions:
Accuracy of length measurement of
children by a smartphone application:
body length determined by the
smartphone application is in good
agreement with the real patient
length.
Ordinal length categories derived from
app measured length are in excellent
agreement with the ordinal length
categories based upon the real patient
length. The body weight estimations
upon length corresponded to known
data and limitations. Precision of body
weight estimations by paediatric
physicians and nurses were
comparable and not different
to length based estimations.

Secondary
outcomes:
1. Correlation
of app
calculated
ordinal length
categories and
measured
categories on
the Kindersicher
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tape.
n=45 (627
measurements)

2. Comparison
of weight
estimations
among
physicians,
nurses, parents,
and the app.

Wells 2017
{Wells 2017 83

In this non-emergency setting, parental
weight estimation was significantly
better than all other means of
estimation (paediatric physicians and
nurses, length based estimations) in
terms of precision and absolute
difference.

Results:
Bias of app = 0.1%.
Kappa for
agreement
between app
calculated
Kindersicher
category and
measured
category = 0.83.
Physicians,
nurses, and
parents
underestimated
weight, though
parents were
the most
accurate (-3.3%,
-2.6%, -1.3%
respectively)
and
overestimated
by the app
length (+1.6%)
and measured
length (+2.3%).
PW10 was
56.8% for
physicians,
54.7% for
nurses, 52.0%
for the
Kindersicher
using app length
and 52.1% by
Kindersicher
based on real
length.
Study Type:
Inclusion Criteria
1° endpoint:
Conclusions:
post hoc analysis children aged 1
Performance of
Body habitus estimation does improve
of prospectively
month to 12 years or
each of the
accuracy of BT estimations
collected data
1 month to 16 years
modified
from four
Exclusion criteria:
Broselow
hospitals in
Children with
models with
congenitally
Johannesburg,
respect to drugSouth Africa
abnormal stature
dose
(n=1,085)
(e.g., dwarfism) and
correctness,
children whose
when compared
Downloaded
from www.aappublications.org/news
by guest on November 18, 2020
length
could not be
with a dose
assessed (e.g.,
based on

because of
contractures)

measured
weight. A drugdose deviation
of >10% of the
calculated true
dose was
considered to
be an incorrect
dose and a dose
deviation of
>20% of the
actual dose was
considered to
be a critical
dose error. An
improvement
on the current
BT accuracy of
>10% was
regarded as
significant.

Results:
The habitusmodified
method
suggested by
the
manufacturer
did not improve
the accuracy of
the BT. Five
dosing and four
weightestimation
models were
identified that
markedly
improved
dosing and
weight
estimation
accuracy,
respectively.
The best dosing
model improved
dosing accuracy
(doses within
10% of correct
dose) from 52.0
to 69.6% and
reduced critical
dosing errors
from 16.5 to
4.3%. The best
weightestimation
model improved
Downloaded from www.aappublications.org/news
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accuracy from

59.4 to 81.9%
and reduced
critical errors
from 11.8 to
1.9%.
Both 2017
{Both 2017 1122}

Study Type:
prospective
clinical
observation trial
(n=489)

Inclusion Criteria:
Children with a body
length from 44 to 140
cm undergoing
elective general
anesthesia with
planned airway
management using
an endotracheal tube
or a laryngeal mask as
an airway device.
Patients with multiple
anaesthesia sessions
were included only
once.

1° endpoint:
primary
outcome was
the proportion
of patients with
the estimated
body weight
within 10% and
20% of
measured body
weight, for both
CLAWAR-1 and
CLAWAR-3 as
well as for the
PaedER and
hab-PaedER

Conclusions
The new digital algorithm (CLAWAR-3)
is an alternative to conventional
emergency tapes, showing improved
accuracy regarding length-based
estimation of bodyweight and
recommendation of medical airway
equipment.
The CLAWAR-3 just requires a height
and then uses a chart/algorithm to
determine estimated weight.
Limited as only includes children up to
140cm

2nd endpoint:
Relative
deviation of
estimated from
measured body
weight,
accuracy and
precision of
estimated body
weight and the
frequency of
correctly
suggested size
for the medical
airway
equipment
investigated
Results:
489 patients
with a median
age of 2.0 years
(0.4–5.9), with a
body length of
89.0 cm (63.5–
114.5), weighing
12.8 kg (6.3–
19.6), were
included. The
algorithm’s
(CLAWAR)
precision of
bodyweight
estimation
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within ±10%/

±20% was
significantly
higher at
64.0%/ 91.6%
than the PaedER
at 55.4%/81.8%
(P < 0.001).
Compared to
PaedER the
algorithm
showed a higher
incidence of
correctly
recommended
medical airway
equipment
based on its
accuracy for age
and bodyweight
estimation.
CLAWAR-3
including the
patient’s
habitus
performed
significantly
better than
CLAWAR-1 with
regard to
percentage
(7.3% vs. 7.0%,
P = 0.003)
deviation of
weight
estimation.
Also,
CLAWAR-3
including
patient’s
habitus was
significantly
more precise to
measured
bodyweight
than by habPaedER. 64.0%
and 91.6% of
estimations
using CLAWAR-3
were within
±10% and ±20%
of the measured
weight vs.
55.4% and
81.8% using
hab-PaedER
Downloaded from www.aappublications.org/news
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Tanner 2017
{Tanner 2017 675}

Study Type:
Prospective
cross-sectional
observational
study (n=178)

Inclusion Criteria:
noncritical
ambulatory patients
between the ages of
2 and 18 years
presenting to the
emergency
department with
nonurgent complaint
Exclusion Criteria:
- patients younger
than 2 years because
the CDC “overweight”
and “obese” BMI
classification
categories do not
apply to this age
- patients taller than
146 centimeters were
also excluded from
the study because the
BT has a maximum
length of 146
centimeters
- those patients with
underlying medical
conditions affecting
height and weight

0.001 and P <
0.001)
1° endpoint:
(1) to examine
the predictive
accuracy of
Breslow Tape
(BT) weight
estimation and
BMI-based
weight
categorization
in overweight
and obese
pediatric
patients in the
emergency
department, (2)
to assess the
predictive
accuracy visual
weight
estimation, and
(3) to develop
an adjustment
value for the BT
weight estimate
in overweight
and obese
pediatric
patients.

Conclusions
There is an inverse relationship
between the accuracy of BT and body
weight. An adjustment factor
significantly improved BT accuracy in
obese children.
*This adjustment factor does require
waistline measurement however

Results:
178 patients
aged 2 to 18
years were
enrolled. 71
patients
(39.89%) had
normal BMI, 43
patients
(24.16%) were
overweight, and
64 patients
(35.96%) were
obese.
Accuracy of
visual
estimation of
body habitus by
the PI, triage
nurse, and
parents
compared with
actual CDC
weight
classification
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were 74.2%,
44.4%, and

38.8%,
respectively
The accuracy of
the BTestimated
weight range,
compared with
the actual
weight, was
40.5% in their
study
population.
When stratified
by BMI
classification,
the accuracy
proportions
were the
following:
71.8% for
normal, 41.9%
for overweight,
and 4.7% for
obese patients.
The adjustment
formula ([0.014
x waistline in cm
+ 0.3] x BT
weight)
improved
overall weight
estimation from
40.5% to 65.2%.
The greatest
improvement
was noted in
obese children,
where the BT
accuracy
improved from
4.7% to 59.4%.
McVey 2017
{McVey 2017 118}

Primary
Conclusions
Endpoint:
The CEEW equations performed
To develop a set substantially better than other
of equations
routinely used equations for weight
(Children’s
estimation.
European
* CEEW1: Ln(weight) = 0.0151222388 ×
Estimator of
Age − 0.0011458885 × Age2 +
Weight-CEEW)
0.2967431897 × MUAC −
to predict
0.0104572693 × MUAC2 +
weight using a
0.0001381567 × MUAC3 +
combination of
0.0149652312 × Height −
demographics,
1.4955305740
height and mid- CEEW2: Ln(weight) = 0.1443608977 ×
upper arm
Age − 0.0040395021 × Age2 +
circumference
0.4223311859 × MUAC −
2
(MUAC),
0.0148641297
Downloaded from www.aappublications.org/news
by aguest on November
18, 2020 × MUAC +
dynamic proxy
0.0001923541 × MUAC3 +

Study Design:
Prospective
observational
study
(n=2086)

Inclusion Criteria
Sick children (0.1–18
years) recruited from
the Emergency
Department in
Glasgow and pooled
with Data from the
UK, Greece, and
Netherlands

for body size
which is
convenient to
measure in the
emergency
setting.

0.0258703205 × Gender (males: 2 and
for females: 1) − 1.6251030158

Secondary
Outcome:
To compare the
performance of
the CEEW
equations
against other
popular
methods in
multi-national
cohorts of sick
children.
Results:
Two final CEEW
equations were
developed,
incorporating
measurements
of age, gender
and MUAC, with
(CEEW1) or
without
(CEEW2) the
inclusion of
height. Both
equations
presented very
high coefficients
of
determination
(R2 > 96.5%),
minimal mean
prediction error
and narrower
limits of
agreement than
the comparator
equations. 88%
(CEEW1) and
77% (CEEW2) of
weight
estimates fell
within 15% of
measured body
weight. These
figures
compared with
less than 57%,
57% and 37%
for the by
ERC,
Downloaded from www.aappublications.org/news
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APLS and

ALSulaibikh 2017
{ALSulaibikh 2017
798}

Study Design:
Prospective
cohort study
(n=527)

Inclusion Criteria
Children <34 kg, aged
7 days to 13 years
who attended an
Emergency
Department in Saudi
Arabia
Exclusion Criteria:
Children with triage
categories I and II

Wells 2017
{Wells 2017 73}

Study Design:
secondary
analysis of
pooled,
prospectively
collected data
from three
previous studies
evaluating the
PAWPER tape
(n=1085)

Inclusion Criteria
children aged one
month to 16 years

Cattermole
equations
respectively.
Primary
Outcome:
To test the
accuracy of the
Broselow
Pediatric
Emergency Tape
on estimating
body weight of
Saudi children
presenting in
the emergency
department
Results:
The relationship
between the
actual and tape
estimated body
weights showed
a correlation
coefficient of
0.945 (p<0.001)
for all children.
When adjusting
the correlation
coefficient
related to
weight groups,
the correlation
coefficient was
0.911 (p<0.001)
for children
with body
weights
between 10 to
25 kg.
Primary
Outcome:
To evaluate the
accuracy of
every published
weightestimation
formula in our
study
population
(both age- and
length-based).

Conclusions:
The Broselow tape measurements do
not provide satisfactory results for all
children in the selected population, but
do provide highly correlated
measurements for those children with
body weights between 10 and 25 kg.

Conclusions:
No unmodified age- or length-based
formula, of the >20 evaluated, reached
the benchmark acceptable degree of
accuracy
Age-based formulas should not be
used for weight estimation in children
except in extremis and if no better
method is available

The use of habitus modification failed
to improve the accuracy of the ageSecondary
based formulas to an acceptable
Outcome:
To evaluate new degree.
age- or lengthDownloaded from www.aappublications.org/news
guest on November
18,of
2020
The use
a visual assessment of
based, by
habitushabitus substantially improved the
modified

models to see if
they could
achieve
acceptable
accuracy.

accuracy of the length-based formulas
to the same or higher level of accuracy
as other existing dual length- and
habitus-based systems. Although
promising, this needs further
investigation

Results:
- inter-rater
agreement
for the
assessment
of body
habitus,
evaluated
in a
subsample
of 134
children,
showed a
percentage
agreement
of 82.1%, a
Cohen’s
kappa of
0.74 (0.64,
0.83) and a
linearweighted
kappa of
0.81 (0.74,
0.89),
which
indicated a
good to
very good
strength of
agreement.
- Performanc
e of weight
estimation
by the ageformulas
was very
poor, no
formula
achieved
acceptable
accuracy
and there
was a very
high rate of
critical
errors:
from 25%
at best with
the EPLS
and ARC
formulas
Downloaded from www.aappublications.org/news
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70% with

the
Michigan
formula.
- Performanc
e of weight
estimation
was slightly
better with
lengthbased
formula
- The effect
of applying
a habitusmodificatio
n model to
these
formulas
produced a
40%
relative
improveme
nt in
accuracy
and
surpassing
the
specified
minimum
acceptable
outcome
criteria.
- There was a
very high
incidence of
critical
errors
(>20%
error) with
all age
formulas
- Erker
formulas,
the only
pre-existing
habitusmodified
formulas,
performed
better and
were more
consistent
across the
subgroups
than the
other age
formulas,
butbydid
not
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achieve

Nosaka 2017
{Nosaka 2017 727}

Study Design:
Observational
cohort study
using a national
dataset from
Japan
(Longitudinal
Survey of Babies
in the 21st
Century).
Measurements
from 75% of
subjects
(randomly
sampled) were
used to create a
new weight
estimation
formula for
children living in
Japan (Japanese
Pediatric
Assessment of
Normal weight or
JAPAN) and were
compared to the
Park and Nelson
formulas.
n=39,547
participants and
370,980
measurements

Al-Busaidi 2017
{Al-Busaidi 2017
e191}

Inclusion Criteria
Japanese children
aged 12-155 months
who participated in
the Longitudinal
Survey of Babies in
the 21st Century.

an
acceptable
level of
accuracy
- habitusmodified
formulas
still showed
a
decreasing
accuracy
with age,
but were
much more
consistent
across the
body-types
than the
unmodified
formulas.
Primary
Outcome
Validity of the
JAPAN formula
as determined
by absolute
error (AE), root
mean square
error (RMSE).

Conclusions:
The JAPAN formula B (weight (kg) =
1.949 x age (years) + 9(1-6 years), and
weight (kg) = 0.506 x (7 x age(years) –
3) (7-12 years)) was more accurate
than the Park or Nelson formulae for
estimating weight of Japanese children
(using age rather than length or
anthropomorphic measurements).

Secondary
Outcomes
Significance of
comparison
with Park and
Nelson formulas
tested with ttest of mean AE.
Results
Mean/Median
AE (kg)/RMSE:
JAPAN formula
A=
2.38/1.61/3.32
JAPAN formula
B=
0.83/0.66/1.08
Park formula =
2.92/2.78/1.43
Nelson formula
=
1.07/0.86/3.72

Study Design
Inclusion Criteria
Primary
Conclusions
Broselow tape was found to accurately
Retrospective
Electronic medical
Outcome
Downloaded
from www.aappublications.org/news
by guest
2020 in an Omani paediatric
predict18,weight
cross-sectional
records
of Omani
Accuracy
of on November
population (however, the PW10/PW20
outpatient children
Broselow

single-center
study 2009-2013.
n=3,339 children

<14 attending Sultan
Qaboos University
Hospital (Muscat,
Oman) 2009-2013.
Exclusion Criteria
Weight >35 kg or
height <50 or >150
cm. Patients with
conditions affecting
weight and/or height

Bowen 2017
{Bowen 2017 470}

Study Design
Prospective
observational
cohort study
n=1381 children

Inclusion Criteria
Children up to 14
years of age seen for
elective surgery at
the University
Teaching Hospital of
Zambia over a 7month period.

Pediatric
Emergency Tape
for estimating
weight in Omani
children. ICC
between
estimated and
actual weight
was calculated
and BlandAltman analysis
used. Bias,
precision, and
percentage
errors were
calculated.
PW10 and
PW20 were
calculated.
Results
ICC for
predicted vs
actual weight:
0.97).
Bland-Altman
Analysis:
overestimation
of 0.5 kg for
entire cohort.
Mean bias: 0.49
PW10/PW20:
53.7/85.4%
Primary
Outcome
Measure
Accuracy of the
Broselow
method vs. agebased formulae
as assessed
using the BlandAltman method
for mean bias,
the MPE, and
the PW10 and
PW20.

did not meet standards of accuracy
suggested by newer literature).

Conclusions
The Broselow tape performed better
than all age-based formulae to predict
actual weight among a sample of
malnourished Zambian children.
Overall accuracy was poor, even for
Broselow tape.

Results
MPE/PW10PW2
0/Bias (kg):
APLS/EPLS
(original): 8.1/38%/66.9%/
-1.1
APLS/EPLS
(new): by
- guest on November 18, 2020
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15.4=26.9%/54.
0%/-3.0
Australian
Resuscitation
Council: 11.1/36.8%/64.
1%/.2.1
Argal: 18.11/25.7%/50
.1%/-3.2
Best Guess: 30.4/16.4%/34.
3%/-5.0
Broselow: 4.3/47.3%/75.1
%/-0.7
Chinese Age
Weight: 10.5/31.0%/54.
4%/-2.2
Garwood: 20.0/24.4%/48
%/-4.1
Luscombe and
Owens: 26.5/20%/38.7
%/-4.2
Michigan: 48.3/4%/10.7%/
-8.7
Nelson: 11.1/36.7%/63.
7%/-1.9
Park: 25/21.9%/42.9
%/-4.2
Shann: 16.1/30.7%/56.
4%/-2.5
Theron: 27/19.9%/37.3
%/-5.1
Tintinalli: 22.4/22.5%/44.
2%/-3.1
Study Design
Inclusion Criteria
Primary
Conclusion
Prospective
Children 18m-12y
Outcome
Mid-upper arm circumference and
cohort
children presenting to To determine
length/ height, tibia length or ulna
convenience
Botswana-Baylor
the accuracy of
length, all accurately predicted weight
sample (n=800)
Children’s Clinical
several proxy
in a predominately HIV-positive group
Centre of Excellence
measures for
of Batswana children.
between 6 July and
children’s
24 August 2011. This
weight among a
health facility
predominately
provides HIV testing
HIV-positive
to HIV-exposed
group of
children from 6
children aged
weeks
of age and
18 months
to 12
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dispenses ARV

therapy through
regular 3 monthly
check-up
appointments

years in
Botswana.
Results
MUAC & Tibia
length 0.95
MUAC &Ulna
length 0.93
Tibia & Ulna
length 0.87
Length/height &
MUAC 0.96
Length/height
&Tibia length
0.87
Length/height &
Ulna length 0.88
Using MUAC
and
length/heig
ht, MUAC
and tibia
length and
MUAC and
ulna length
equations,
≥92% of
predicted
weight fell
within 15%
of actual
weight,
compared
with <55%
using
current
equations.

Chassee 2016
{Chassee 2016 808}

Study Design
Prospective
cohort study of
convenience
(n=197)

Inclusion Criteria
patients ≤12
years old
transported by
EMS to Michigan
hospital
between April
2012 and May
2013

Primary
Outcome
To determine
accuracy of
weights
obtained by
Emergency
Medical
Dispatch

Conclusion
Emergency Medical Dispatchers were
able to obtain pediatric patient
weights with relative accuracy,
especially in the 0–2-year-old age
group

Results:
For 0–2 year
olds, the mean
differences
between
Hospital weight
(HW) and
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Dispatcher
weight

(DW)/Paramedi
c Weight(PW)
were 0.239kg
(SD 3.117)/ 0.374 (SD
2.528).
For 3–7 year
olds, the mean
differences
between HW
and DW/PW
were 0.041kg
(SD
4.684)/1.007
(SD 2.466).

Britnell 2016
{Britnell 2016 558}

Study Design
Cohort study
(n=376)

Inclusion Criteria
Children aged 5–10
years able to follow
instructions to
remove and replace
their outer clothing
and shoes, from five
Auckland schools

For 8–11 year
olds the mean
difference
between HW
and DW/PW
was 2.768 kg
(SD 10.926)/
1.919 (SD
6.909).
Primary
Outcome:
to derive a new
method of
weight
estimation for
children and
test whether
the new
method is more
accurate and
precise
comparted to
those currently
recommended
for use in NZ.

Conclusions:
Most accurate method for weight
estimation in Auckland children aged
5–10 years is either the novel lengthbased lookup table or the existing
Broselow–Luten tape.

Results:
length-based
lookup table
PW10 = 74.8%
Broselow–Luten
tape
PW10=73.4%
age-based
lookup table
PW10 = 51.3%
Shann Formulat
PW10 =45.7%
APLS PW10 =
39.1%
TheronbyPW10
= November 18, 2020
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Campagne 2015
{Champagne 2015
665}

Study Design
a two-period,
two-treatment
crossover trial
using simulated
pediatric patients
in the prehospital
setting
n=20 Parkmedics
participated in a
total of 40
scenarios and
delivered
medication 78
times.

Inclusion Criteria
Parkmedic students
participating in
training

Primary
Outcome:
accuracy of drug
dose using the
length-based
tape compared
with the
accuracy of the
dose using
standard
methods of
dose
acquisition; and
the time it took
to determine
the dose of each
drug using the
length-based
tape compared
with time to
determination
of dosing using
the standard
methods of
dose
acquisition.

Conclusions
Use of a length-based pediatric
emergency resuscitation tape in the
prehospital setting was associated with
significantly fewer dosing errors and
faster time-to-medication
administration in simulated pediatric
emergencies.

Results:
Time to
medication:
Med/control
group/intervent
ion/p value
Acetaminophen
/50.6/28.6/0.03
6
Midazolam/27/
8.6/0.005
Epinephrine/22.
9/23.3/0.96
Diphenhydrami
ne/37.6/13/<0.0
05
Dose error in
each group
Control group:
- Acetaminop
hen 1
- Midazolam
1
- Epinephrine
1
- Diphenhydr
amine 2
Intervention
group no
errors
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Kelly 2011
{Kelly 2011 59}

Study Design
secondary
analysis of a
prospective,
observational
study that has
been previously
reported
(n=410)

Inclusion Criteria
stable children, aged
between 1 and 11
years, with a wide
variety of clinical
conditions.
Exclusion Criteria
condition was such
that urgent care or
resuscitation was
required.

Primary
Outcome
To externally
validate the
Luscombe
formula using
previously
collected data.

Conclusion
Luscombe formula is among the more
accurate age-based weight estimation
formulae; however, all have low
accuracy

Results:
Method/bias/P
W10%/RMSE(kg
)
Luscombe/0.66/
45.4/5.4
Best
Guess/0.7/42/5.
4
Argall 1.7/37/5.7
APLS 4.2/34/7.5

Nonrandomized Trials, Observational Studies Regarding Dosing Strategies (Pharmacokinetics)
Study Acronym;
Author;
Year Published

Study
Type/Design;
Study Size (N)

van Rongen A 2018
{van Rongen 2018
601}

Study Design
Prospective
pharmacokinetic
study comparing
IV midazolam
clearance in
overweight (n=3)
and obese
adolescents
(n=16) and
morbidly obese
adults (n=20)
using population
pharmacokinetic
analysis and
Internal Model
Validation

Patient
Population

Primary Endpoint and Results
(include P value; OR or RR; &
95% CI)

Summary/Conclusion Comment(s)

Inclusion
Primary Outcome
Conclusions
Criteria
Population pharmacokinetic
Midazolam clearance is higher in obese
Overweigh analysis using NONEM.
adolescents compared with morbidly
t (BMI for
Covariates were TBW, BMI,
obese adults. Possible explanations
th
age 85 LBW, age, race, sex.
include less obesity-related
95th
suppression of CYP3A activity in obese
percentile; Secondary Outcome
adolescents. WTexcess influenced
Excess weight covariate model clearance in obese adolescents
n=3) and
obese (BMI including developmental
perhaps as a result of increased hepatic
>95th
weight (WTfor age and length =
size and perfusion. A new allometric
percentile;
BMIwithout overweight x length2)
model is proposed to adjust for
n=16)
and excess body weight
WTexcess in obese adolescents.
adolescent (WTexcess = TBW – WTfor age and
s
length)
undergoing
Results
routine
Midazolam clearance in obese
surgery
(orthopedi adolescents was significantly
c, ENT,
higher compared with
morbidly obese adults and
bariatric)
increased significantly with
vs.
TBW. Peripheral Vd of
morbidly
obese (BMI morbidly obese adults
> 40 kg/m2) increased significantly with
adults
TBW non-linearly.
undergoing
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There was no trend by
observed
bariatric
surgery.
between midazolam clearance

Ross 2014
{Ross 2014 103}

Study Design
Retrospective
cohort study
2010-2011
comparing 3
formulae to
calculate lean
body mass in
obese critically ill
children
(n=176)

Vaughns 2017
{Vaughns 2017 251}

Study Design
Prospective
single-center
pilot
pharmacokinetic
study of IV
fentanyl in
obese
adolescents
undergoing
bariatric surgery
(n=6)

Inclusion
Criteria
Obese
(n=116)
and
severely
obese
(n=60)
children 219 years of
age
admitted
to single
center
PICU
between
June 2010July 2011.
Exclusion
Criteria
Anthropom
orphic data
not
available
Inclusion
Criteria
Severely
obese
(BMI>99th
percentile)
adolescent
s 14-19
years of
age ASA
class I-III
undergoing
bariatric
surgery.

and developmental weight in
obese adolescents, but a
positive trend with WTexcess
Primary Outcome
Interclass correlation and
Bland-Altman analysis of 3
methods to estimate lean
body mass:
1. Peters method
2. Foster method (equations
for male and female)
3. BMI method (IBW = BMI50%
2
for age x Heightm )
Results
Mean ICC between methods
was 0.968 (95% CI 0.9590.975). Peters method
estimated higher weights than
Foster or BMI method. BlandAltman plots show good
agreement between methods
for children <50 kg but
decreased agreement >50 kg
with variation by gender.

Primary Outcome
Pharmacokinetic parameters
using noncompartmental
analysis (Vd)
Secondary Outcomes
Comparison of previously
established PK profiles in
children and adults.
Results
CL (mL/min) 1522 (vs 414 in
historical normal weight
children, 986 in obese adults,
718 in lean adults)

Conclusions
Weights generated with the BMI
method demonstrate strong
agreement and correlation with the
Peters and Foster methods of
calculating LBM in patients with ideal
weights below 50 kg. Superiority of
one method for calculation of IBW or
LBM was not demonstrated, and
therefore ease of clinical use becomes
the driving
factor for daily application. Of the 3
methods, the BMI method is the most
feasible. Clinical caution and judgment
should be used when using the BMI
method in children with ideal weights
above 50 kg.

Conclusions
Absolute Vd was comparable to
previously published studies but
clearance was increased in severely
obese adolescents.
Author interpretation:
Though these results suggest that
loading dose may be based on TBW
and maintenance on LBW and IBW,
based on pharmacodynamics and risk
for respiratory depression authors
suggest current practice of bolus
dosing fentanyl based on IBW

Exclusion
Vd 635 (vs 111 in historical
Criteria
Pregnancy, normal weight children)
lactation,
hypersensit
ivity to
opioids,
treatment
with any
opioid
within 24
hours and
treatment
with
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inhibitors
or inducers

Olutoye 2012
{Olutoye 2012 147}

Diepstraten 2012
{Diepstraten 2012
543}

Study Design
Prospective
biased coin
design
pharmacologic
study (n=40
obese + 40 nonobese) of
propofol
induction (1st
patient per
group received 1
mg/kg and each
subsequent
patient dose was
determined by
response of the
previous patient
using dose
increments of
0.25 mg/kg.

of CYP3A
within 2
weeks.
Inclusion
Criteria
Healthy
children 317 years of
age
requiring
general
anesthesia
in two
groups:
non-obese
(BMI 25th84th
percentile)
and obese
(> 95th
percentile)

Primary Outcome
Loss of lash reflex 20 seconds
after propofol administration
expressed as ED95 (probability
of effect = 0.95) using pooledadjacent-violators algorithm
(PAVA) with 95% CI.
Secondary Outcomes
Correlation between loss of
lash reflex and level of
sedation, change in arterial BP
from baseline and at 1 and 2
minutes after propofol.
Results
ED95 for obese and non-obese
patients: 2 mg/kg (95% CI 1.82.2) vs 3.2 mg/kg (95% CI 2.73.2 mg/kg).

Conclusions
The ED95 of propofol is significantly
lower in obese than non-obese
children based on actual body weight.
Author’s interpretation:
Children with BMI >95th percentile
should receive induction dose of 2
mg/kg while those with BMI<85th
percentile should receive 3.2 mg/kg

Exclusion
Criteria
ASA class 3 Correlation between loss of
or greater, lash reflex and unarousable
state was strong (p<0.001).
BMI 95Both groups had a similar
94th
percentile, proportion of 10 mm Hg or
kidney/live more decline in BP from
baseline at 2 minutes
r disease,
egg allergy,
hypoalbum
inemia,
taking
anticonvuls
ants,
sedatives
or
medication
s for ADD
Study Design
Inclusion
Primary Outcome
Conclusion
Prospective
Criteria
Propofol pharmacokinetics
In the population pharmacokinetic
pharmacokinetic Obese and using different models
model for propofol in morbidly obese
study using
morbidly
measured by objective
children and adolescents,
nonlinear mixed- obese
function value (OFV) and
TBW proved to be the most significant
effects
children
testing of significance
determinant for clearance.
modelling with
and
between models. GoodnessNONEM to
adolescent of-fit plots (observed vs
characterize
s
individually predicted
propofol
scheduled
concentration-time,
phramcokinetics for
conditional weighted residuals
with evaluation
bariatric
vs time and conditional
of age and body
surgery or
weighted residuals vs
size descriptors.
elective
population-predicted
(n=20)
surgical
concentration-time plots)
procedures were used. Two-and three
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July 2009compartment models
2010. Age
used.

5-18 with
BMI over
30 kg/m2
requiring
propofol
Exclusion
Criteria
Known
renal or
liver
disorders,
neurologic
disorders,
history of
severe
sleep
anoea,
anticipated
difficult
airway,
known
allergy to
propofol
soy bean
oil or egg
lecithin.

Secondary Outcomes
Individual clearance of study
subjects compared with
previously published nonobese children
Results
Compared with lean body
weight and ideal body weight,
total body weight was the
most predictive covariate for
clearance.
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Reviewer Comments (including whether meet criteria for formal review):
Estimating Weight & Dosing of Medication
Our PubMed and Ovid search yielded 379 articles related to pediatric weight estimation as well as 242 articles related to
pharmacokinetics, of which 103 and 20 respectively were relevant and full text manuscripts were reviewed.
For weight estimation, evidence supports parental report and estimation by body-habitus adjusted anthropomorphic measurements as
the most accurate means to estimate TBW. Length-based estimates without adjustment for habitus or anthropomorphic measures show
systematic bias (underestimate weight of obese, overestimate malnourished, less reliable or impractical in older children). Age-based
formulae, medical provider estimates, and best guess estimates are highly inaccurate. The current 2010 recommendation states “To
calculate the dose of resuscitation medications, use the child’s weight if it is known. If the child’s weight is unknown, it is reasonable to
use a body length tape with pre-calculated doses (Class IIa, LOE C).”
If the child’s weight is unknown, it may be reasonable to use parental estimate or to use a body length tape incorporating an
adjustment for body habitus and anthropomorphic measures such as Mid Arm Circumference (MAC), coupled with a cognitive aid to
determine pre-calculated doses), however, we acknowledge significant implications of such a statement. It has taken significant
knowledge translation efforts to have practitioners incorporate the Broselow Tape into their practice, and to change systems at this point
may undermine this work. It should also be noted that the evidence review also highlighted consistently observed errors related to use of
some systems (especially the Broselow tape) for practitioners without specific training on how to use the cognitive aid; moreover, simply
estimating a weight does not eliminate errors in medication dosing or delivery without additional support for the calculation of
resuscitation drug doses and volumes (e.g. supplementary reference books/apps).
Regarding the question of adjustment of medications for body habitus the 2010 guidelines stated the following “It is unclear if an
adjustment in the calculation of resuscitation medications is needed in obese children. Use of the actual body weight in calculation of
drug doses in obese patients may result in potentially toxic doses. Length-based tapes estimate the 50th percentile weight for length (ie,
ideal body weight), which may, theoretically, result in inadequate doses of some medications in obese patients. Despite these theoretical
considerations, there are no data regarding the safety or efficacy of adjusting the doses of resuscitation medications in obese patients.
Therefore, regardless of the patient’s habitus, use the actual body weight for calculating initial resuscitation drug doses or use a body
length tape with precalculated doses (Class IIb, LOE C).” It should be noted that without adjusting for body habitus or the addition of
anthropomorphic measures, current weight estimation strategies such as the Broselow system underestimate actual body weight but
may approximate ideal body weight. Furthermore, limited pharmacokinetic studies and reviews suggest that consideration of
pharmacokinetic properties of individual medications as well as developmental and compositional characteristics of children (e.g.,
obesity) are important considerations in determining the ideal dose for a given individual. Lipophilic medications may best be dosed on
actual body weight while hydrophilic medications on ideal body weight, but there is significant individual variation and very limited data
from clinical pharmacokinetic studies on obese children and none at all for underweight / malnourished children. Despite a wide range of
allometric scaling approaches as well as Developmental Pharmacokinetic approaches to medication dosing, no single formula or strategy
accurately reflects observed pharmacokinetics in the limited pediatric data.
Annotated Reference List
Weight Estimation in Pediatric Resuscitation
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and children aged 0-5·9 years in the USA: simple tools for a critical measure.
Public Health Nutr. 2019 Jan;22(1):147-156. doi: 10.1017/S1368980018002549. Epub
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Pediatr Pharmacol Ther. 2017 Jan-Feb;22(1):81-83. doi: 10.5863/1551-6776-22.1.81.
PubMed PMID: 28337087; PubMed Central PMCID: PMC5341538.
See evidence table
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Considerations: Obeseity increases Vd for lipophilic medications due to increased fat. Vd for hydrophilic medications may be increased
or decreased due to increased lean body mass, blood volume, total body water percentage. Obesity may impact metabolism and
elimination. Decreased hepatic clearance may occur ddue to fatty infiltration of the liver. Phase I and II reactions may be increased in
obesity but the effect on renal clearance is unknown. Increased kidney size and GFR may correlate with TBW. For obese children TBW
should be used to describe Vd and LBW to describe clearance. In obese children requiring loading doses, IBW should be used for
hydrophilic medications and TBW for lipophilic medications and adjusted BW for ambiphilic medications. LBW should be used for
maintenance doses.
5: Anderson BJ, Holford NH. What is the best size predictor for dose in the obese
child? Paediatr Anaesth. 2017 Dec;27(12):1176-1184. doi: 10.1111/pan.13272. Epub
2017 Oct 26. Review. PubMed PMID: 29076211.
Review of various approaches to dose adjustment for children and obesity including empirical data, theory-based allometric scaling and
various size metrics used in anesthesia. An alternative to LBM as a size metric is Fat-free mass which is predicted from sex, height, and
body weight. The authors advocate for refinement of this metric to include a fraction of fat mass (FFM) to calculate Normal Fat Mass
(NFM) which is calculated as NFM = FFM + Ffat x (TBM-FFM). This calculation will differ for each drug and pharmacokinetic parameter
affected by body size.
6. Vaughns JD, Ziesenitz VC, Williams EF, Mushtaq A, Bachmann R, Skopp G, Weiss
J, Mikus G, van den Anker JN. Use of Fentanyl in Adolescents with Clinically
Severe Obesity Undergoing Bariatric Surgery: A Pilot Study. Paediatr Drugs. 2017
Jun;19(3):251-257. doi: 10.1007/s40272-017-0216-6. Erratum in: Paediatr Drugs.
2017 Jun;19(3):269. PubMed PMID: 28238111; PubMed Central PMCID: PMC5861708.
See evidence table
7: Xiong Y, Fukuda T, Knibbe CAJ, Vinks AA. Drug Dosing in Obese Children:
Challenges and Evidence-Based Strategies. Pediatr Clin North Am. 2017
Dec;64(6):1417-1438. doi: 10.1016/j.pcl.2017.08.011. Review. PubMed PMID:
29173794.
Review of effects of obesity on pharacokietics. Obesity has the following effects: increased weight (increased Vd for hydrophilic drugs);
increased lean mass (increased Vd for hydrophilic drugs except those with high protein binding); increased fat mass (increased Vd);
decreased lean/fat ratio (variable); increased CO, blood volume, plasma lipids (alter Vd); variable effect on CYP enzyme activity and
hepatic blood flow (variable impact on CL); Increases in renal size, GFR, tubular secreation and RBF (generally increases renal clearance).
Approaches to dosing based on adult data include 1. Use of size descriptors for children (BMI, BSA, FFM (by sex), LBW, IBW (by sex,
suggested for hydrophilic drugs), adjusted body weight (suggested for lipophilic drugs) or 2. Approaches to scaled PK parameters or PKPD models.
8: Thakkar N, Salerno S, Hornik CP, Gonzalez D. Clinical Pharmacology Studies in
Critically Ill Children. Pharm Res. 2017 Jan;34(1):7-24. doi:
10.1007/s11095-016-2033-y. Epub 2016 Sep 1. Review. PubMed PMID: 27585904; PubMed
Central PMCID: PMC5177463.
Review of literature and concepts of how critical illness affects pharmacology. Tissue distribution may be altered by changes in protein
concentrations, pH, fluid shifts, and capillary permeability. Elimination may be affected by organ function. ECMO and CRRT may also
alter drug disposition. Pharmacokinetic studies in critically ill children mostly center on antimicrobials. Limited data exist for Fentanyl
(increased Vd, prolonged elimination in continuous infusion; 1997); lorazepam (decreased Vd and increased half life in neonates
compared to adults; 2001, 1992, 1979); midazolam (clearance increases with age and weight in critical illness; 1992, 1996, 1989, 2012,
2012); dobutamine (wide variability); dopamine (only studied in premature neonates, no comparative data);
epinephrine/norepinephrine (significant variability, lower clearance vs. adults for epinephrine).
9: Carasco CF, Fletcher P, Maconochie I. Review of commonly used age-based weight
estimates for paediatric drug dosing in relation to the pharmacokinetic
properties of resuscitation drugs. Br J Clin Pharmacol. 2016 May;81(5):849-56.
doi: 10.1111/bcp.12876. Epub 2016 Mar 2. Review. PubMed PMID: 26714256; PubMed
Central PMCID: PMC4834587.
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Optimal drug dosing is based on pharmacokinetic and pharmacodynamic properties and minimizes toxicity and avoids sub-therapeutic
levels. This is challenging in pediatric resuscitation largely due to challenges estimating weight. Drugs distribute within the fat mass
(FM) and fat free mass (FFM – water, protein and mineral). FFM is sometimes referred to as lean body mass (LBM). Vd is the most
important pharmacologic parameter in optimal dosing. Absorption is not usually a problem as medications for resuscitation are typically
given IV/IO/IM. Plasma protein binding is decreased in neonates which can lead to toxicity. Hepatic enzyme activity and blood flow are
relatively lower in children than adults, impairing hepatic clearance. Hydrophilic drugs have a smaller Vd than hydrophobic drugs which
distribute to fat tissue or between lean and fat tissue; hydrophilic drugs require lower doses to achieve adequate plasma concentration.
Neonatal TBW is 75% decreasing to 60% by 1 year and therefore require higher dosing of hydrophilic drugs. While ABW may differ
between children, FFM likely remains the same for a given age, so dosing of hydrophilic drugs based on ABW may lead to toxicity if
overweight – this is important for hydrophilic drugs with narrow therapeutic range (digoxin, flecainide). Hydrophobic drugs require
larger doses for therapeutic effect due to the larger Vd. All age-based estimates of weight used estimate ABW. This is likely appropriate
for hydrophobic drugs. Hydrophilic drugs should be calculated on IBW
Study aimed to compare 3 formulas for weight estimation (APLS) and the UK Resuscitation Council age-based formula to determine
optimal formula for resuscitation drug dosing. A literature search and review of the pharmacokinetic properties of resuscitation drugs
was performed 1948-2012. Hydrophilic drugs (dosing on IBW) are epinephrine, Bicarb, Calcium, Flecainide, Adenosine, Salbutamol,
magnesium, succinylcholine, mannitol, labetalol, digoxin. Amphiphilic drug is amiodarone. Hydrophobic drugs dosed on ABW are
Atropine, verapamil, lidocaine, benzodiazepines, phenytoin, steroids, ketamine.
10: Kendrick JG, Carr RR, Ensom MH. Pediatric Obesity: Pharmacokinetics and
Implications for Drug Dosing. Clin Ther. 2015 Sep 1;37(9):1897-923. doi:
10.1016/j.clinthera.2015.05.495. Review. PubMed PMID: 26361823.
Literature review of pharmacokinetics in obese children 1950-2015).
Relevant literature summary: propofol requirements may be less in obese children but should be based on TBW with allometric function.
Succinylcholine based on TBW. Conclusion: insufficient evidence for most drugs.
11: Rowe S, Siegel D, Benjamin DK Jr; Best Pharmaceuticals for Children Act –
Pediatric Trials Network Administrative Core Committee. Gaps in Drug Dosing for
Obese Children: A Systematic Review of Commonly Prescribed Emergency Care
Medications. Clin Ther. 2015 Sep 1;37(9):1924-32. doi:
10.1016/j.clinthera.2015.08.006. Epub 2015 Aug 29. Review. PubMed PMID: 26323523;
PubMed Central PMCID: PMC4586086.
Systematic review of 25 acute care drugs from Strategic National Stockpile and Acute Care Supportive Drugs List for 3 populations:
obsese children 2-18, normal children, obese adults. Only 2/25 acute care drugs had dosing information (FDA label) for obese children.
No sufficient PK data in the literature for any drugs in obese children. PK data available for 7/25 acute care drugs in normal children. Of
this list only 2 medications are related to resuscitation: calcium chloride – no PK data for normal or obese children; magnesium sulfate –
no PK data for normal or obese children.
12: Harskamp-van Ginkel MW, Hill KD, Becker KC, Testoni D, Cohen-Wolkowiez M,
Gonzalez D, Barrett JS, Benjamin DK Jr, Siegel DA, Banks P, Watt KM; Best
Pharmaceuticals for Children Act–Pediatric Trials Network Administrative Core
Committee. Drug Dosing and Pharmacokinetics in Children With Obesity: A
Systematic Review. JAMA Pediatr. 2015 Jul;169(7):678-85. doi:
10.1001/jamapediatrics.2015.132. Review. Erratum in: JAMA Pediatr. 2015
Dec;169(12):1179. Becker, Kristian [corrected to Becker, Kristian C]. PubMed
PMID: 25961828; PubMed Central PMCID: PMC4494887.
Systematic review of pharmacokinetic studies of the effect of obesity on drug disposition in children. Search dates 1970-2012. Total of
20 studies identified. Dosing used fixed dose (29%), body weight (48%) and BSA (19%). Clinically significant pharmacokinetic alterations
observed in obese children for 65% of studies / medications. No association between drug lipophilicity or Biopharmaceutical Drug
Disposition Classification System class and changes in Vd or Clearance. Studies included only 2 relevant to PALS: propofol (Diepstraten
below) and Midazolam (Vaughns below).
13: Ross EL, Heizer J, Mixon MA, Jorgensen J, Valdez CA, Czaja AS, Reiter PD.
Development of recommendations for dosing of commonly prescribed medications in
critically ill obese children. Am J HealthDownloaded
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Medications used to treat critically ill children were identified through an administrative database (113 medications) then a literature
search was used to identify dosing adjustment for obesity. Of 205 references searched, 122 were reviewed for 66 medications. 87% of
medications had no information that addressed pediatric obesity.
Decision support for dosing recommendation was created based on best available evidence and expert opinion. Examples: amiodarone
= IBW, Atropine TBW, Calcium IBW, catecholamines IBW, cephalosporins TBW with adult max, steroids TBW, diazepam IBW, lorazepam
TBW, Digoxin IBW, fentanyl ABW (cofactor 0.25), phenytoin TBW, insulin TBW, ketamine IBW, lidocaine TBW (load) then IBW
(maintenance), Mannitol IBW, Midazolam IBW, Morphine IBW, Milrinone TBW, phenobarbital TBW, phenylephrine IBW, potassium
chloride IDW, propofol TBW (except Vaugnh study not included), rocuronium ABW (cofactor 0.25), bicarb IBW, succinylcholine ABW
(cofactor 0.8), vecuronium IBW.
14: Batchelor HK, Marriott JF. Paediatric pharmacokinetics: key considerations.
Br J Clin Pharmacol. 2015 Mar;79(3):395-404. Review. PubMed PMID: 25855821;
PubMed Central PMCID: PMC4345950.
15. Ross EL, Jorgensen J, DeWitt PE, Okada C, Porter R, Haemer M, Reiter PD.
Comparison of 3 body size descriptors in critically ill obese children and
adolescents: implications for medication dosing. J Pediatr Pharmacol Ther. 2014
Apr;19(2):103-10. doi: 10.5863/1551-6776-19.2.103. PubMed PMID: 25024670; PubMed
Central PMCID: PMC4093662.
See evidence Table
16: Mahmood I. Dosing in children: a critical review of the pharmacokinetic
allometric scaling and modelling approaches in paediatric drug development and
clinical settings. Clin Pharmacokinet. 2014 Apr;53(4):327-46. doi:
10.1007/s40262-014-0134-5. Review. PubMed PMID: 24515100.
Both anatomic (body composition) and physiologic (enzymes and renal/hepatic function) parameters change rapidly and non-linearly
throughout infancy and childhood, affecting both safety and efficacy of medication dosing. Current practice is to linearly scale dosing
from adults to children using body weight or BSA which does not account for age-dependent differences in physiology (tissue volumes,
blood flow, renal and biliary excretion), physicochemical (tissue-blood partition coefficients) and biochemical (rates of xenobiotic
metabolism) differences. This article highlights pediatric / adult differences in physiology and suggests methods for determining
pediatric doses.
Vd is affected by the higher proportion of body water in newborns which falls to adult levels later in childhood. Serum protein binding is
also lower in neonates and infants increasing the fraction of free drug. Hepatic metabolism is decreased in infants. Infant renal GFR
(related to renal clearance of hydrophilic low molecular weight drugs) is 30-40% that of adults at birth, and reaches adult levels by 8-12
months.
Allometric scaling: allometry is the study of size and its consequences and uses equations to estimate or predict a physiologic process
(e.g. blood flow) or pharmacokinetic parameter (e.g clearance or Vd) from size. Commonly used allometric scaling equations
unfortunately do not adequately predict clearance of drugs in children 5 and younger. Other methods include statistical modelling and
simulation for pharmacokinetics. Population pharmacokinetic and maturation models are two examples Maturation models include age
and weight and predicts fairly well but with high individual variation.
Physiologically Based Pharmacokinetic (PBPK) Models require organ size, blood flow, tissue-blood partition coefficients, and metabolic
chemical reaction rates (the last two are compound specific).
Dosing in Obesity is challenging and size descriptors include BSA, IBW, %IBW, BMI, LBW, ABW, and predicted normal weight (PNWT) and
FFM.
17: Diepstraten J, Chidambaran V, Sadhasivam S, Esslinger HR, Cox SL, Inge TH,
Knibbe CA, Vinks AA. Propofol clearance in morbidly obese children and
adolescents: influence of age and body size. Clin Pharmacokinet. 2012 Aug
1;51(8):543-51. doi: 10.2165/11632940-000000000-00000. PubMed PMID: 22690673.
Prospective pharmacokinetic Downloaded
study of obese
children / adolescents undergoing
elective 18,
surgery
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modeling was used. TBW proved most predictive of learance compared to IBW, LBW.

18. Olutoye OA, Yu X, Govindan K, Tjia IM, East DL, Spearman R, Garcia PJ,
Coulter-Nava C, Needham J, Abrams S, Kozinetz CA, Andropoulos DB, Watcha MF. The
effect of obesity on the ED(95) of propofol for loss of consciousness in children
and adolescents. Anesth Analg. 2012 Jul;115(1):147-53. doi:
10.1213/ANE.0b013e318256858f. Epub 2012 May 10. PubMed PMID: 22575569.17
See evidence table
19. Kendrick JG, Carr RR, Ensom MH. Pharmacokinetics and drug dosing in obese
children. J Pediatr Pharmacol Ther. 2010 Apr;15(2):94-109. PubMed PMID: 22477800;
PubMed Central PMCID: PMC3018176.
Same as ref 9 above but earlier literature search. Relevant recommendations based on limited evidence for dosing weight in obese
children: Opioids (IBW), lidocaine (TBW for loading; IBW for maintenance), digoxin (IBW), phenytoin (TBW for loading, IBW for
maintenance),
20: Meyhoff CS, Lund J, Jenstrup MT, Claudius C, Sørensen AM, Viby-Mogensen J,
Rasmussen LS. Should dosing of rocuronium in obese patients be based on ideal or
corrected body weight? Anesth Analg. 2009 Sep;109(3):787-92. doi:
10.1213/ane.0b013e3181b0826a. PubMed PMID: 19690247.
Rocuronium has low lipophilicity but pharmacokinetic parameters differ little between obese and lean patients. Obese patients have
different distribution, protein binding and elimination of drugs than lean patients. Rocuronium dosing may ideally be based on ideal
rather than total body weight, but little information regarding clinical onset or duration is available. This RCT compared IBW defined as
CBW20% and CBW40% in obese adults receiving Rocuronium (n=59) after propofol + remifentanil induction in the OR for bariatric
surgery excluding patients with difficult airway. Outcomes were duration of action and conditions for tracheal intubation. Results
suggest dosing based on IBW was preferred to CBW20% and CBW40% in onset and offset of action.
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Appendix C-29
2020 Evidence Update Worksheet
Sodium bicarbonate administration for children in cardiac arrest (PLS 388: EvUp)
Worksheet author(s): Maconochie
Council: ERC
Date Submitted:
PICO / Research Question: PLS 388 (ERC RR31.4)
Among Infants and children who are in cardiac arrest in any setting (P), does buffering agent administration (I), compared with no use of
buffering agents (C), change outcome (O)?

Adjusted:
P: infants and children who are in cardiac arrest in any setting
I: the use of any other drugs with a certain dose and timing: 4/ Bicarbonate
C: not using or with a different dose or timing
O: all
Type: intervention
Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later) that
concern directly the population and intervention described above.
STEP1:Randomizedcontrolledtrials(RCTs)andnon-randomizedstudies (non-randomizedcontrolledtrials,interruptedtimeseries,controlled before-andafter studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case series are included if
they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference abstracts, trial protocols) are
excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above but
considered informative as additional evidence – takingintoaccount severe indirectness- for the final evaluationofthewriting group’s conclusions
regarding the implications for practice and research.
Timeframe: For STEP 1, allyears and all languagesareincluded, as long as thereis an Englishabstract. Ifin Step 0 areview, guidelineor COSTR of high quality is
withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in case ofahigh-quality review,
guideline or COSTR, search can belimitedtobeyonddates and/orscope ofthat
AdditionalEvidenceReviewer(s):Brissaud–AlexanderMoylan Conflicts of Interest
(financial/intellectual, specific to this question):
Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: PLS 28
Consensus on Science
There are no randomized controlled studies in infants and children examining the use of sodium bicarbonate as part of the management of pediatric
cardiac arrest. One LOE 2 multicenterretrospectivein-hospital pediatric study509 foundthatsodiumbicarbonateadministeredduringcardiacarrestwas
associated with decreased survival, even after controlling for age, gender, and first documented cardiac rhythm.
Two LOE 5 randomizedcontrolledstudieshave examinedthevalueofsodiumbicarbonateinthe managementofarrestinotherpopulations: 1 adult out-ofhospitalcardiacarreststudy510and1studyinneonateswithrespiratoryarrestinthedeliveryroom.511Bothfailedtoshowanimprovementinoverall
survival.
Treatment Recommendations
Routine administration of sodium bicarbonate is not recommended in the management of pediatric cardiac arrest.
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2010 Search Strategy: /

Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):
509. Meert KL, Donaldson A, Nadkarni V, Tieves KS, Schleien CL, Brilli
RJ, Clark RS, Shaffner DH, Levy F, Statler K, Dalton HJ, van der Jagt EW, Hackbarth R, Pretzlaff R,
Hernan L, Dean JM, Moler FW. Multi- center cohort study of in-hospital pediatric cardiac
arrest. Pediatr Crit Care Med. 2009;10:544 –553.
510. Vukmir RB, Katz L. Sodium bicarbonate improves outcome in pro-longed
prehospital cardiac arrest. Am J Emerg Med. 2006;24:156 –161.
511. Lokesh L, Kumar P, Murki S, Narang A. A randomized controlled trial of sodium bicarbonate
in neonatal resuscitation-effect on immediate
outcome. Resuscitation. 2004;60:219 –223.
2019 Search Strategy:
Database searched: Pubmed - Embase
Date Search Completed: 1 DEC 2019

Used terms

•
•

•

Buffer, bicarbonate, THAM, either as individualterm(ti,ab,kw) or related MESHTerm; combinedusing Bolean operators
specific blocks defined for certain indicators:
o paediatric:todefinethe‘paediatricpopulation’weusedthepredefinedBMIblock(https://blocks.bmi-online.nl)
o cardiac arrest: CPR/cardiacarrest:“lifesupportcare” [MESH] OR“lifesupport”[TIAB] ORcardiopulmonary resuscitation [MESH]
OR “cardiopulmonary resuscitation” [TIAB] OR ROSC [TIAB] OR “return of spontaneous circulation” [TIAB] OR heart arrest
[MESH] OR “cardiac arrest” [TIAB]
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o Toexclude NOT"Letter"[Publication Type] OR"Editorial"[Publication Type] OR“Comment"[Publication Type])
ForEmbaseweprefilteredtoavoidMedlineduplicatesbyusing[embase]/limNOT([embase]/limAND[medline]/lim)
o Cardiacarrest:(resuscitation:ti,ab,kwOR'resuscitation'OR'resuscitation'/expORresuscitationOR'heart'OR 'heart'/exp ORheart)
AND(arrest:ti,ab,kw OR'heart'OR'heart'/exp ORheart)AND ('arrest' OR'arrest'/exp OR arrest)

Search Results (Number of articles identified / number identified as relevant): 478 (+step 2: 93) /
STEP 0: 1 narrative review + 1 GL (ERC 2015 GL)
STEP 1:9
STEP2: 7
Inclusion/Exclusion Criteria: search from 2009 onwards In: as defined
by PICOST
Ex: Infants or Children not in cardiac arrest, studies primarily concerning other ALS interventions or concerning hyperkalaemia or
tricyclic drug overdose; adult or animal studies; letters, editorials or comments; unpublished studies (e.g., conference abstracts,
trialprotocols), no English abstract; Newborn at Delivery

Link to Article Titles and Abstracts for 2019 search (if available on PubMed):
Key Themes:
1: use of Bicarbonate in cardiac arrest, early on or for prolonged arrest
2: use of THAM buffer in cardiac arrest
3:specificsubpopulationswherebicarbonatecouldbeofbenefitincludingcaseswithprovensevereacidaemia,
hyperkalaemia, or specific intoxications
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Summary of Evidence Update:

GUIDELINE OR SYST. REVIEW?
Topics addressed or PICO(S)T
#articles
(Organisation); Author; Year Published
identified
1. Krmpotic 2010 0307 narrative review
Use of sodium bicarbonate in paediatric OHCA
0
Key findings per topic:
Sodiumbicarbonateiswidelybelievedtobeeffectiveinarrestassociatedwithhyperkaliaemicventricular tachycardia or
fibrillation, butnoprospectiveevidencesupportingthis was found
2. Maconochie 2015 223 ERC 2015 GL
Use of sodium bicarbonate in paediatric CA
3 (1 RCT
asphyxiated
neonates, 1
adult RCT
secondary
analysis, 1
adult
retrospective
cohort)
Key findings per topic:
Thereisnoclearevidence for giving sodiumbicarbonateroutinelyduringcardiopulmonaryarrest. Itmaybe considered in
cases of prolonged cardiopulmonary arrest, severe metabolic acidosis, in cases of haemodynamicinstabilityand
co-existinghyperkalaemia, orinthemanagementoftricyclicantidepressant
drug overdose.
Non-RCT OR OBSERVATIONAL
Study type/design; Study size (N)
Patient Population
(acronym); Author; Year Published
(inclusioncriteria)
1. Nehme 2018 43
Retrospective observational; n=948 EMSattendednontraumatic OHCA
in children aged <16 years.
Excluded EMS witnessed arrests
Results primary endpoints
After multivariable adjustment, the administration of sodium bicarbonate
(P value; OR or RR; & 95% CI)
wasassociatedwithareductioninbotheventsurvival((OR 0.32,95%CI:0.200.49;p<0.001)andsurvivaltohospitaldischarge(OR 0.14, 95% CI: 0.05-0.38;
p<0.001).

Summary/Conclusion - Comments
2. Wu 2009 443
Results primary endpoints
(P value; OR or RR; & 95% CI)
Summary/Conclusion - Comments
3. Raymond 2015 106 (GWTG)

Results primary endpoints
(P value; OR or RR; & 95% CI)

Overall, theuseofsodiumbicarbonatefellfrom 45% to 34% overthe study
period.
Worse outcome in pOHCA with Bicarbonate, although risk of selection
bias and unproven causality
Retrospective observational;
Patientsagedbetween7daysand
n=316
18 years with IHCA, Taiwan
There was a trend towards non survival associated with the
administration of sodium bicarbonate (p=0.147)
WorseoutcomeinpIHCAwithBicarbonate,althoughriskofselection
bias and unproven causality
Retrospective observational; n=3719 Patientsagedlessthan 18 years with
IHCA. Multiple exclusions including
newborns, CPR duration
<5minutesandthosethatdidnot
receive adrenaline.
Theadministrationofsodiumbicarbonatewasassociatedwithworse survival
todischarge(adjustedOR:0.80;95%CI:0.65-0.97).
In subgroupanalysisofthosewithmetabolic/electrolyteabnormalities,
hyperkalaemia, and toxicologic abnormalities (n = 674), sodium
bicarbonateadministration wasnotassociated with worse survival to
discharge(adjusted OR: 1.52; 95% CI: 0.84-2.77).
Theuseof THAMwasalsoassociatedwithworse survivalto discharge
(OR 0.34;
CI:0.17-0.66)
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Summary/Conclusion - Comments
4. Raymond 2013 3 Suppl 1
Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments
5. Lopez-Herce 2014 189
Results primary endpoints
(P value; OR or RR; & 95% CI)
Summary/Conclusion - Comments
6. Matamoros 2015 31
Results primary endpoints
(P value; OR or RR; & 95% CI)
Summary/Conclusion - Comments
7. Wolfe 2019 57

Results primary endpoints
(P value; OR or RR; & 95% CI)
Summary/Conclusion - Comments
8. Mok 2016 534

Results primary endpoints
(P value; OR or RR; & 95% CI)
Summary/Conclusion - Comments
9. del Castillo 2014 1380
Results primary endpoints
(P value; OR or RR; & 95% CI)
Summary/Conclusion - Comments

WorseoutcomeinpIHCAwith Bicarbonateor THAMbuffer, except for
bicarbonate for specificelectrolyte disordersorintoxications, although
risk of selection bias and unproven causality
Retrospective observational;
Patients aged less than 18 years
n=8602
with IHCA
The administration of sodium bicarbonate was associated with worse
survivaltodischarge((OR: 0.62-95% CI: 0.54, 0.71). There wasanon- significant
trend to worse survival in the settings of metabolic/electrolyte
abnormalities, toxicologic abnormalities/overdose
/poisoning, and high potassium (OR: 0.78; 95% CI: 0.56-1.09).
Worse outcome in pIHCA with Bicarbonate, even a negative trend
observedinspecificcasesofelectrolytedisordersorintoxications;
althoughriskofselectionbiasandunprovencausality
Retrospectiveobservational;n=20
Patients aged between 1 month
and 18 years with IHCA.
The administration of sodium bicarbonate was non-significantly
associatedwithincreasedinhospitalmortality, adjustedodds ratio 2.15 (95%
CI:0.99-4.68)
TrendtoworseoutcomeinpIHCAwithBicarbonate;althoughriskof
selection bias and unproven causality
Prospective observational; n=146 Patients aged between 1 month
and 18 years with IHCA.
The administration of sodium bicarbonate was associated with increased in
hospital mortality, relative risk ofmortality 6.01(95%
CI:2.17-16.66)
WorseoutcomeinpIHCAwithBicarbonate;althoughriskofselection
bias and unproven causality
Prospective observational; n=77
Paediatricintensivecarepatients
thathadinvasivebloodpressure
monitoringduringthecardiac
arrest and survived.
The administration of sodium bicarbonate was non significantly
associated with new substantive morbidity.
WorseoutcomeinpIHCAinPICUwithBicarbonate;althoughriskof
selection bias and unproven causality
Retrospectiveobservational;n=51
IHCAinpatientsagedbetween1
monthand18yearsexcluding
those in theemergency
department. Signapore.
The administration of sodium bicarbonate was significantly associated
lower ROSC and survival to hospital discharge.
WorseoutcomeinpIHCAwithBicarbonate;althoughriskofselection
bias and unproven causality
Prospective observational; n=250 IHCA in intensive care patients
agedbetween 1 monthand 18
years.
Theadministrationofsodiumbicarbonatewassignificantlyassociated lower
survivaltodischarge, relative risk ofmortality 6.05 (95% CI:3.4410.66, p<0.001)
WorseoutcomeinpIHCAwithBicarbonate;althoughriskofselection
bias and unproven causality

STEP 2
Adultstudiesaremoreequivocalbutoverallsuggestsimilarly. Although 2 matchedcohortstudies(Chen 2018 1998Taiwan
– Kim 2016225South Korea) foundapositiveassociationwitheitherROSCorsurvivaltohospital admission, otherstudies
suggestednoeffecttoworseoutcomes(Weng 2013562, Velissaris 2016277, Ahn 20182295).Theroleofbicarbonatein
CAduetospecificelectrolytedisordersorintoxicationsshouldbe
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explored separately.

Reviewer Comments (including whether meet criteria for formal review):
Since 2010, 9observationalstudieshavedescribedtheassociationbetweentheadministrationofsodiumbicarbonateand outcomesinpaediatriccardiac
arrest. Whilstmanyare likely tobeconfoundedbytheassociationbetweenadministrationof sodiumbicarbonateandlongerdurationof CPR, noneprovide
anyevidencetochangetherecommendationthatsodium bicarbonate shouldnotbegivenroutinelyinpaediatric cardiac arrest. Theevidencedoesnot
warranta further moreformal review nordoes it suggesta need for a large RCT.
Thestudyby Raymondetal. alsolookedattheuseof THAMandfoundasignificantassociationbetweenitsadministrationand worse survival todischarge. The
currentguidelinerecommendsthatsodiumbicarbonatemaybeconsideredincasesofprolongedcardiopulmonaryarrest, severemetabolicacidosis,in
casesofhaemodynamicinstabilityandco-existinghyperkalaemia,orinthemanagementoftricyclic antidepressant drug overdose. We did not find any
evidence to support the use of sodium bicarbonate in prolonged cardiopulmonaryarrest.Theprimarysearchstrategytargetedthechildincardiac
arrestanddidnotlookforhaemodynamic instability and co-existing hyperkalaemia or tricyclic drug overdose.
Reference list
RaymondTT,StrombergD,StigallW,BurtonG,ZaritskyA.Sodiumbicarbonateuseduringin-hospitalpediatricpulseless cardiacarrest-a report
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arrest: A 17-year observational study. Resuscitation. 2018;128: 43-50. doi:10.1016/j.resuscitation.2018.04.030
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WuE.-T.,Li M.-J.,HuangS.-C., etal.SurveyofoutcomeofCPRinpediatricin-hospitalcardiacarrestin amedicalcenter in Taiwan. Resuscitation.
2009;80(4):443-448. doi:10.1016/j.resuscitation.2009.01.006

4.
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SUPPL. 1).

5.

Lopez-Herce J, del Castillo J, Canadas S, Rodriguez-Nunez A, Carrillo A. In-hospital pediatric cardiac arrest in Spain. Rev Esp Cardiol (Engl Ed).
2014;67(3):189-195. doi:10.1016/j.rec.2013.07.017

6.

MatamorosM.,RodriguezR.,CallejasA.,etal.In-hospitalpediatriccardiacarrestinhonduras.PediatrEmergCare. 2015;31(1):31-35.
doi:10.1097/PEC.0000000000000323

7.

8.
Wolfe H.A., Sutton R.M.,ReederR.W., etal. Functionaloutcomesamongsurvivorsofpediatricin-hospitalcardiac arrest areassociatedwith
baseline neurologicandfunctionalstatus, butnotwithdiastolicbloodpressureduring CPR. Resuscitation. 2019;143((Wolfe,Sutton,Nadkarni,Berg,
Zuppa,Graham,Twelves,Diliberto)DepartmentofAnesthesiologyandCriticalCare
Medicine,TheChildren’sHospitalofPhiladelphia,Universityof
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9.

del Castillo J., Lopez-HerceJ., Carrillo A., et al. Cardiacarrestandresuscitationinthepediatricintensivecare unit: A prospectivemulticenter
multinationalstudy.Resuscitation.2014;85(10):1380-1386.doi:10.1016/j.resuscitation.2014.06.024

10.

11.
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Appendix C-30
2020 Evidence Update Worksheet
Calcium administration in children (PLS 421: EvUp)
Worksheet author(s): Maconochie
Council: ERC
Date Submitted:
PICO / Research Question: PLS 421 (ERC RR31.3b)
Amonginfants and children who are in cardiac arrestin any setting (P), does calcium administration (I), compared with no calcium
administration (C), change outcome (O)?

Adjusted:
P: infants and children who are in cardiac arrest in any setting
I: the use of any other drugs with a certain dose and timing: 3b/ Calcium
C: not using or with a different dose or timing
O: all
Type: intervention
Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later) that
concern directly the population and intervention described above.
STEP1:Randomizedcontrolledtrials(RCTs)andnon-randomizedstudies (non-randomizedcontrolledtrials,interruptedtimeseries,controlled before-andafter studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case series are included if
they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference abstracts, trial protocols) are
excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above but
considered informative as additional evidence – takingintoaccount severe indirectness- for the final evaluationofthewriting group’s conclusions
regarding the implications for practice and research.
Timeframe: For STEP 1, allyears and all languages are included, as long as thereisanEnglishabstract. Ifin Step 0areview, guidelineor COSTR of high quality is
withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in case ofahigh-quality review,
guideline or COSTR, search can belimitedtobeyonddates and/orscope ofthat
AdditionalEvidenceReviewer(s):Brissaud–AlexanderMoylan Conflicts of Interest
(financial/intellectual, specific to this question): _ Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: PLS 21
Consensus on Science
Evidencefrom3 LOE 2509,526,527 studies in children and 5LOE 5 adult studies528–532
failed to document an improvement in survival to hospital admission, hospital discharge,
or favorable neurologic outcome when calcium was administered during cardiopulmonary
arrest in theabsenceofdocumented hypocalcemia, calcium channel blocker overdose,
hypermagnesemia, orhyperkalemia. Four LOE 5 animalstudies533–536 showed no
improvementin ROSCwhen cal-cium, compared with epinephrine or placebo, was
administeredduringcardiopulmonary arrest.
Two studies investigating calcium for in-hospital pediatric cardiac arrest suggested
a potential for harm. One LOE 2 study examining data from the NRCPR526
observed anadjustedoddsratioofsurvivaltohospitaldischargeof 0.6in children who
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received calcium, and 1 LOE 3 multicenterstudy509 showedanoddsratiofor
increasedhospital
mortality of 2.24 associated withtheuseofcalcium. One LOE 2 studyofcardiacarrestinthe PICU
setting 527 suggested a potential for harm with the administration of calcium during
cardiacarrest; the administration of 1 or more boluses was anindependentpredictor
of hospital mortality.
Treatment Recommendations
Routineuseofcalcium for infantsandchildren withcardiopulmonary arrest is not recommended in the absence ofhypocalcemia, calcium channel blocker
overdose, hypermagnesemia, orhyperkalemia.

2010 Search Strategy: /
Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):
509. Meert KL, Donaldson A, Nadkarni V, Tieves KS, Schleien CL, Brilli
RJ, Clark RS, Shaffner DH, Levy F, Statler K, Dalton HJ, van der Jagt EW, Hackbarth R, Pretzlaff R,
Hernan L, Dean JM, Moler FW. Multi- center cohort study of in-hospital pediatric cardiac
arrest. Pediatr Crit Care Med. 2009;10:544 –553.
526. Srinivasan V, Morris MC, Helfaer MA, Berg RA, Nadkarni VM.Calciumuseduring
in-hospital pediatric cardiopulmonary resuscitation: a report from the National Registry
of Cardiopulmonary Resuscitation. Pediatrics. 2008;121:e1144 – e1151.
527. de Mos N, van Litsenburg RR, McCrindle B, Bohn DJ, Parshuram CS. Pediatric
in-intensive-care-unit cardiac arrest: incidence, survival, and predictive factors. Crit
Care Med. 2006;34:1209 –1215.
528. Harrison EE, Amey BD. The use of calcium in cardiac resuscitation.
Am J Emerg Med. 1983;1:267–273.
529. Ornato JP, Gonzales ER, Morkunas AR, Coyne MR, Beck CL. Treatment of presumed
asystole duringpre-hospitalcardiac arrest: supe- riorityofelectricalcountershock. Am J
Emerg Med. 1985;3:395–399.
530. Stueven H, ThompsonBM, Aprahamian C, DarinJC. Useofcalciuminprehospitalcardiac arrest.
Ann Emerg Med. 1983;12:136 –139.
531. StuevenHA,ThompsonB,AprahamianC,TonsfeldtDJ,KastensonEH.The effectiveness of
calcium chloride in refractory electromechanical dissociation. Ann Emerg Med.
1985;14:626 – 629.
532. StuevenHA,ThompsonB,AprahamianC, TonsfeldtDJ,KastensonEH.Lack of effectiveness of
calcium chloride in refractory asystole. Ann Emerg Med. 1985;14:630 – 632.
533. BlecicS,DeBackerD,HuynhCH,DeleuzeM,DombM,LuypaertP,VincentJL.Calciumchloride in
experimental electromechanical disso- ciation: a placebo-controlled trial in dogs. Crit
Care Med. 1987;15: 324 –327.
534. Niemann JT, Adomian GE, Garner D, Rosborough JP. Endocardial and transcutaneous cardiac
pacing, calcium chloride, and epinephrine inpostcountershock asystole and bradycardias.
Crit Care Med. 1985;13: 699 –704.
535. Redding JS, Haynes RR, Thomas JD. Drug therapy in resuscitation from electromechanical
dissociation. Crit Care Med. 1983;11:681– 684.
536. Redding JS, Pearson JW. Evaluation of drugs for cardiac resuscitation. Anesthesiology. 1963;24:203–207.

2019 Search Strategy:
Database searched: Pubmed - Embase
Date Search Completed: 1 DEC 2019

Used terms
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•
•

•

Calcium, either as individualterm (ti,ab,kw) orrelated MESHTerm; combined using Boleanoperators
specific blocks defined for certain indicators:
o paediatric:todefinethe‘paediatricpopulation’weusedthepredefinedBMIblock(https://blocks.bmi-online.nl)
o cardiac arrest: CPR/cardiacarrest:“lifesupportcare” [MESH] OR“lifesupport”[TIAB] ORcardiopulmonary resuscitation [MESH]
OR “cardiopulmonary resuscitation” [TIAB] OR ROSC [TIAB] OR “return of spontaneous circulation” [TIAB] OR heart arrest
[MESH] OR “cardiac arrest” [TIAB]
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o Toexclude NOT"Letter"[Publication Type] OR"Editorial"[Publication Type] OR“Comment"[Publication Type])
ForEmbaseweprefilteredtoavoidMedlineduplicatesbyusing[embase]/limNOT([embase]/limAND[medline]/lim)
o Cardiacarrest:(resuscitation:ti,ab,kwOR'resuscitation'OR'resuscitation'/expORresuscitationOR'heart'OR 'heart'/exp ORheart)
AND(arrest:ti,ab,kw OR'heart'OR'heart'/exp ORheart) AND ('arrest'OR 'arrest'/exp OR arrest)

Search Results (Number of articles identified / number identified as relevant): 285 (+ step 2: 256)/
Step 0: 1 GL (ERC 2015 GL)
Step 1: 2 non-RCT
Step 2: 0
Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex:Infantsor Children notincardiac arrest, studiesprimarilyconcerningother ALSinterventionsorconcerning hyperkalaemia or intoxications;;
animal studies; letters, editorials or comments; unpublished studies (e.g., conference abstracts, trial protocols), no English abstract;
Newborn at Delivery

Link to Article Titles and Abstracts for 2019 search (if available on PubMed):
Key Themes:
1: use of Calcium in cardiac arrest, early on or for prolonged arrest
2:specificsubpopulations wherecalciumcouldbeofbenefit, includingcaseswithprovenhypocalcemia, hyperkalaemia or specific intoxications

Summary of Evidence Update:

GUIDELINE OR SYST. REVIEW?
(Organisation); Author; Year Published
1. Maconochie 2015 223 ERC 2015 GL

Topics addressed or PICO(S)T
Use of Calcium in paediatric CA

Key findings per topic:
References provided underneath (Kette 2013 72, Gupta 2011 152)
The routine use of calcium did not improve the outcome from cardiopulmonary arrest.
Non-RCT OR OBSERVATIONAL
(acronym); Author; Year Published
1. Lassa 2019 1040 CA-CCL

Study type/design; Study size (N)

#articles
identified
2 (1 adult
SR, 1 infant
case series)

Patient Population
(inclusioncriteria)
Retrospective observational; Get With Patientsless than 18 yearsofage
the Guidelines Registry; n=203
witha CPReventrequiringatleast 1
minuteofchestcompressionsin the
cardiac catherization laboratory in
Downloaded from www.aappublications.org/news byhospitals
guest on November 18, 2020
participating GWTG Registry.

Results primary endpoints
(P value; OR or RR; & 95% CI)
Summary/Conclusion - Comments

2. Mok 2016 534

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

Theoddsofsurvival were significantly lowerforthegroup givencalcium
chloride/gluconate;adjustedoddsratio 0.2 (95%CI 0.12-0.33, p=0.005)
Worseoutcomewithcalcium, however, thisisanunusualcohort(54% had
precedingcardiacsurgeryduringtheadmission).Alsoriskof selection bias
and unproven causality
Retrospectiveobservational;n=51
IHCAinpatientsagedbetween1
monthand18yearsexcluding
those in theemergency
department. Singapore.
13.2% ofthosewith ROSCreceivedcalciumcomparedwith 84.6% of thosethat
didnotachieve ROSC. Thiswasstatisticallydifferentwithap value of<0.01.
4.3% survivors received calcium comparedwith 53.4% ofthosethatdid
not survive. This was statistically different with a p value of <0.01.
Theassociationbetweencalciumadministrationandlowerratesof ROSC
andsurvivaltohospitaldischargearelikelytobeconfoundedby factors
including length of resuscitation

STEP 2
Noadditionalindirectevidencecouldbefoundthatwouldfurtherinformoursearch.Wedorecognisea potential (be it
unproven) role for Calciuminthespecific treatmentofeithersevere electrolyte disordersor intoxications ( Graudins
2016 453; Wang 2016 105)

Reviewer Comments (including whether meet criteria for formal review):
The2010COSTRrecommendedthatthe“routineuseofcalciumforinfantsandchildrenwithcardiopulmonaryarrestisnot recommendedintheabsenceof
hypocalcaemia,calciumchannelblockeroverdose,hypermagnesaemia,orhyperkalaemia”.It recognised that thedatasupporting this is uncertainandmay
reflect theassociation betweenthe administration ofcalciumand patientsatahigherriskofdeathandthattheremaybeunknownindicationsthatwould
benefitfromtheadministrationof calcium.
Thissearchidentifiedthreerelevantstudiespublishedsince. The2015ERCguidelinesonpaediatricresuscitationcametothe sameconclusion. Thecurrent
evidence, beitofverylowcertainty, givesnoreasontoaltertherecommendationsmadein 2010, nor does it provide argument for a more formal
systematic review.

Reference list
KetteF, GhumanJ,ParrM.Calciumadministrationduringcardiac arrest:asystematicreview.EuropeanJournalof Emergency Medicine.
2013;20(2):72-78. doi:10.1097/MEJ.0b013e328358e336

1.

Gupta P, Radhakrishnan S, Tomar M, Shrivastava S. Hypocalcemic cardiomyopathy presenting as cardiogenic shock. Ann Pediatr Card.
2011;4(2):152. doi:10.4103/0974-2069.84655

2.

LasaJJ,AlaliA,MinardCG,etal.CardiopulmonaryResuscitationinthePediatricCardiacCatheterizationLaboratory:A ReportFromthe
AmericanHeartAssociation’sGetWiththeGuidelines-ResuscitationRegistry.PediatrCritCareMed. 2019;20(11):1040-1047.
doi:10.1097/PCC.0000000000002038

3.

MokYH,LokeAP,LohTF,LeeJH.CharacteristicsandRiskFactorsforMortalityinPaediatricIn-HospitalCardiac Eventsin Singapore: Retrospective
Single Centre Experience. Ann Acad Med Singapore.2016;45(12):534-541.

4.

MaconochieI.K.,BinghamR.,EichC.,etal.EuropeanResuscitationCouncilGuidelinesforResuscitation2015.Section6. Paediatriclife support.
Resuscitation. 2015;95 :223-248. doi:10.1016/j.resuscitation.2015.07.028

5.
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PALS: SPECIAL RESUSCITATION SITUATIONS: CONGENTIAL HEART DISEASE AND TRAUMA

Appendix C-31
2020 Evidence Update Worksheet
Resuscitation of the child with septic shock ((PLS 1534: EvUp)

Worksheet author(s): Djakow
Council: ERC
Date Submitted:

PICO / Research Question: PLS 1534 (ERC RR33.2)
PLS 1534
Among Infants and children who are in cardiac arrest with SEPSIS (in hospital)(P), does any specific alteration in treatment
algorithm (I), compared with standard care (according to 2010 treatment algorithm) (C), change outcome (O)?
Adjusted:
P: infants and children in cardiac arrest with sepsis (in hospital)
I: alteration to standard treatment algorithm
C: standard PALS algorithm
O: all
Type: intervention
Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later) that
concern directly the population and intervention described above.
STEP1:Randomizedcontrolledtrials(RCTs)andnon-randomizedstudies (non-randomizedcontrolledtrials,interruptedtimeseries,controlled before-andafter studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case series are included if
they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference abstracts, trial protocols) are
excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above but
considered informative as additional evidence – takingintoaccount severe indirectness- for the final evaluationofthewriting group’s conclusions
regarding the implications for practice and research.
Timeframe: For STEP 1, allyears and alllanguagesareincluded, as long as thereis an English abstract. Ifin Step 0 areview, guidelineor COSTR of high quality
is withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in case ofahigh-quality
review, guideline or COSTR, search can belimitedtobeyond dates and/orscope ofthat

Additional Evidence Reviewer(s): Van de Voorde
Conflicts of Interest (financial/intellectual, specific to this question):
Year of last full review: NEW
2019 Search Strategy:
Database searched: Pubmed - Embase
Downloaded from www.aappublications.org/news by guest on November 18, 2020
Date Search Completed: 1 DEC 2019

Used terms

•

sepsis,septicshock,severesepsis,septic*;eitherasindividualterm(ti,ab,kw)orrelatedMESHTerm;combinedusing Bolean
operators

•

specific blocks defined for certain indicators:

paediatric:todefinethe‘paediatricpopulation’weusedthepredefinedBMIblock(https://blocks.bmi-online.nl)
cardiac arrest: CPR/cardiac arrest: “life support care” [MESH] OR“life support” [TIAB] ORcardiopulmonary
resuscitation [MESH] OR “cardiopulmonary resuscitation” [TIAB] OR ROSC [TIAB] OR “return of spontaneous
circulation” [TIAB] OR heart arrest [MESH] OR “cardiac arrest” [TIAB]
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o Toexclude NOT "Letter"[Publication Type] OR "Editorial"[Publication Type] OR “Comment"[Publication Type])
ForEmbaseweprefilteredtoavoidMedlineduplicatesbyusing[embase]/limNOT([embase]/limAND[medline]/lim)
o Cardiacarrest:(resuscitation:ti,ab,kwOR'resuscitation'OR'resuscitation'/expORresuscitationOR'heart'OR 'heart'/exp
OR heart) AND (arrest:ti,ab,kw OR 'heart' OR'heart'/expOR heart) AND ('arrest' OR 'arrest'/expOR arrest)
o
o

•

Search Results (Number of articles identified / number identified as relevant): 1345 / STEP 0: 1
review
STEP 1: 7 (all themes)
STEP2: 11 (all themes)

Key Themes:
THEME 1: Prevention of sepsis-associated CA. This theme was excluded from the step 1 search in this EvUp as being sufficiently covered in
other PICOST/RR.
THEME2: Possible alterationto standard PALS algorithmto improve outcomesof patientswith sepsis associated IHCA.

THEME 3: ECPR in septic CA:
Althoughwe consider heresome articles specific ontopic, for further evidence review and taskforceinsightswe also refer to
the specific PICOST on E-CPR in children.
Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex: studies primarily concerning other ALSinterventions; animal studies; letters, editorials or comments; unpublished
studies(e.g., conferenceabstracts,trialprotocols), no Englishabstract; Newbornat Delivery
Link to Article Titles and Abstracts for 2019 search (if available on PubMed):

Downloaded from www.aappublications.org/news by guest on November 18, 2020

Summary of Evidence Update:
GUIDELINE OR SYST. REVIEW?
(Organisation); Author; Year Published
1. Morgan RW 2017 128
(quality: AMSTAR2 low)

Topics addressed or PICO(S)T

#articles
identified
Non-systematicreviewon sepsis-associated CA Not
in adults and children
specified

Key findings per topic:
1. Prevalence of Sepsis-associated IHCA in multicenterand registry-based pediatricstudiesrangesfrom 14-34%.
2. Outcome: in studies from 1980s-90s survival tohospital dischargewas 1 of 199 adults with septic CA. More recent registry

data suggest improvement over the last two decades but patients with sepsis-associated IHCA haveworse outcome than
thosewithout sepsis. Limiteddata suggest thatthose who survive sepsis-associated IHCA are pronetohigherpostresuscitation mortality. Paediatric data from GWTG-Rdatabase: OR of survival to discharge of 0.65 (0.46-0.94) for children
with sepsis-associated IHCA. Iberoamerican Pediatric Cardiac Arrest Study Network founda RR of mortality of 8.25 (2.9323.19) for children in ICUs with sepsis-associated IHCA compared to those withoutsepsis at the time of CA.
Theuse ofmore standardizeddefinitionofsepsis in studiesofIHCA wouldhelpensurethatdataaboutprevalence and
outcomes arecollected and reported in a more uniform and comparable manner. Future CA studies could specifically report
on thepresence of septic shock in hours preceding CA. Thecardinalmanifestations of septic shock, including vasodilation,
hypovolemia, and myocardial dysfunction, along with concurrent hypoxemia, acidosis and metabolic derangements likely
formthe basis of the complex pathophysiological pathwaysthat both contribute to CA and impedesuccessful ROSCinthese
patients.
3. Preventionof septic CA: Promptrecognition and treatment ofsepticshock are the firststeps in preventing IHCAin these
patients. Early goal-directed therapy (bundles) aimed at optimizing intravascular volume status and correcting metabolic
derangements, in addition with timely administration of ATB and other source control measures can reduce mortality in
septic shock. Recognition of sepsis-related cardiac dysfunction, likely a major precipitator of CA, is important. This can be
accomplished by clinical examination, measurement of serumlevels of natriuretic peptides, and echocardiography, and
should trigger the use of inotropic support in addition to vasopressors.
4. IHCA: In addition to the standard therapies of (P)ALS, several potential intra-arrest treatments could be used early in the
algorithmic approach to specifically target vasodilation, hypovolemia, myocardial dysfunction, metabolic abnormalities, and
pulmonary hypertension.
•
Derangements of vascular tone: Recently published large animal sepsis-associated CA study showed no advantage
of adding vasopressin to epinephrine. Monitoring the patient's hemodynamic response to vasopressor
administration during cardiac arrest and targeting that response with additional therapies holds great promise.
•
Derangementsofvolumestatus: Intra-arrest intravascularvolume expansionwith crystalloids is potentially
advisable therapy in patients with septic shock who progress to CA. However, aggressive volume loading of RA
may be deleterious to the generation of coronary perfusion pressure. The optimal intra-arrest fluid administration
strategyin the septic CA patientsisunknown, it is reasonabletoassumethatpersonalizingtheapproach to
patient status and measures of response could be beneficial (e.g. CVP, real-time echocardiography). Since most
patients with IHCA are in ICU setting, such monitoring is frequently possible.
•
Myocardial dysfunction: No favorable mortality benefits of NOS inhibitors nor calcium have been demonstrated to
date
•
Hypoxemia/Acidosis/Metabolicderangements: Contributing factors of hypoxemia, hypercarbia, acidosis and
hyperkalemiashould be considered. Patients with septic CA may haveseveral of thesederangements present
simultaneously and failure to reversethem may preclude ROSC. Routine administration of sodium bicarb is not
recommended, but there may be sub-populations, such as those with septic shock and MODS, in whomit is
beneficial, further work is needed to identify these groups.
•
Pulmonary hypertension and RV Failure: Could play amajor role insepsis-associated CA. Measuring pulmonary
vascular resistance during CPRand evaluating potential therapeutics to reduce it, including the administration of
selective pulmonary vasodilators, is a potentially exciting direction.
Understandingandtargetingsepsis-relatedpathophysiologybefore,duringandafterCAhasagreatpotentialtoimprove
patient outcomes.

Non-RCT OR OBSERVATIONAL Study type/design; Study size (N) Patient Population
(acronym); Author; Year Published
(inclusion criteria)
THEME 2
1. Del Castillo J 2014 1380

Multicenter international prospective Children with in-PICU IHCA, 1monthto
observational study; N=250
18 years
ROSClongerthan 20 minutes was achievedin 69.1% of patients, 40.4%survived
Results primary endpoints
tohospital discharge. Inunivariate analysis - sepsis was related tomortality (RR
(P value; OR or RR; & 95% CI)
8.25 [2.93-23.19], p<0.001). In the multivariate logistic regression analysis,
factors related to mortality were hemato-oncologic illness and previous treatment
with vasoactive drugs at the time of CA event (OR 2.841 [1.376-5.521], p=0.002}.
One year after CA, neurological status was assessedin 65 patients, amongthem,
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81.5% had mild or none disabilities.

Summary/Conclusion - Comments
2.Weiss S 2016 442
Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments
THEME 3
3.Oberender F 2018 965

Survival with good neurological function after paediatric IHCA is improving. Sepsis
and treatment with vasoactive drugs at the time of CA are predictors of worse
outcome.
Retrospective review, N=85
Paediatricpatientswho diedbecause
of sepsis in 2 tertiary centers between
2012-2013
Mediandaystodeathwere 8 (IQR 2-22) with 24% of cumulativedeathswithin1
dayofsepsis recognition, 35 % within 3 days and 48 % within 7 days. Themost
common causes of death were refractory shock (34 %), then MODS after
refractory shockrecovery (28%), neurologic injury (18 %), single-organ respiratory
failure(18%),andnon-septiccomorbidity(6%).Veryearlydeathsweremostly
dueto refractory shock(70 %). Modeofdeathwas withdrawal in 74%, cardiac
arrest in 20%, and irreversible loss of neurologic function in 6%.
Most paediatric sepsis deaths occurred late when life-sustaining therapies were
withdrawn with persistent, rather than worsening, organ dysfunction. However,
early deaths from refractory shock remained common.

International multicenter, retrospective Children withsevereseptic shock(30
days to 18years)
cohort study using prospectively
collected data, N=164 (120/44)
Survival to hospital discharge was 40 % in the conventional group vs. 50% in the
Results primary endpoints
VA-ECMO(p =0.25). InchildrenwhosufferedIHCAsurvival to dischargewas 18%
(P value; OR or RR; & 95% CI)
with conventional therapy vs. 42 % with VA-ECMO (p=0.02). Survival was
significantly higher in patients who received high ECMO flows of greater than 150
mL/kg/min with children who received standard ECMOflows or no ECMO. LOS
were significantly longer for children who received ECMO.
The use of VA-ECMOinseverepaediatric sepsis is not by itself associated with
Summary/Conclusion - Comments
improved survival. However, VAECMOsignificantlyreducesmortality after CA
due toseptic shock. VAECMOflows greater than 150 mL/kg/min are associated
with almost twice survival rate of conventional therapy or standard-flow ECMO.
Retrospective observational singleChildren under 18 years who
4.Shin HJ 2016 151
center study, N=12, 1 in septic CA
underwent ECPR between 2013 and
2016
Patients' diseasesspanned severalcategories: congenital heart disease (n=5),
Results primary endpoints
myocarditis(n=2), respiratory failure(n=2), septic shock(n=1), trauma (n=1),and
(P value; OR or RR; & 95% CI)
post-cardiotomy arrest (n=1). ECMOwas successfully discontinuedin10(83.3%)
patients. Four patients (33.3%) survived to discharge. Causes of death included
ischemicbrain injury (n=4), sepsis(n=3), andgastrointestinalbleeding (n=1).
Patient with septic CA did not survive neither was ECMO successfully
Summary/Conclusion - Comments
discontinued.
5. Barbaro RP 2017 456 (ELSO registry Retrospective analysis of prospectively Data 2009-2015 in the ELSO registry
collected data on patients on ECLS
(excluding neonates)
report 2016)
including ECPR
ECMO reportedly used in 281 children with sepsis (excluding neonates)- 8% of all
Results primary endpoints
ECMO runs.
(P value; OR or RR; & 95% CI)
In the period 2011-2015 a total of 2118 E-CPR runs in children was reported with
overallsurvival todischargeof 43 % with mean ECLS run durationof 5 days.
The medianduration of CPR prior to ECLS was 40 minutes [IQR 25–61 minutes];
themajority (73%) receivedCPR<60minutes priortoECLSsupport. Therapeutic
hypothermia was commonly usedfollowing ECPR.There is no information on the
proportion of septic CA in this cohort of ECPR patients.
Sepsis-associated CA is not an a priori group followed in the ELSO registry.
Summary/Conclusion - Comments
Single-centerretrospectiveanalysisof Children in IHCA in whom ECPR was
6.Torres-Andres F 2018 451
ECPR, N=56 of which 6 septic CA
performed
In the septic CA subgroup (N=6), 4 patients survived to discharge. ECMOteam
Results primary endpoints
activation for IHCA was performed if still in CA after 5 minutes of PALS. Time to E(P value; OR or RR; & 95% CI)
CPR isoneof the predictors ofsurvival(significantly shortertime of ECPR in
survivors vs. non-survivors).
Should ECPR being consideredasarescue therapy for septic CA the activation of
Summary/Conclusion - Comments
the ECMO team must be considered early.
Single center retrospective analysis of
Patients under 18 with refractory
7.Solé A 2018 1191
ECMO used inrefractory septic shock
septic shock
including CA ; N=9 children, 12 =
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Results primary endpoints
(P value; OR or RR; & 95% CI)
Summary/Conclusion - Comments

11 patients suffered CAimmediately before or during ECMOcannulationand
required chestcompressions.
Cardiac arrest before ECMO is considered by some adult reports as
contraindication for ECMO as it recognized as a mortality risk factor. As in other
recently published papers, these results with a survival rate of 52.4%, show that
CA should not be an exclusion criterion in paediatric patients for ECMOtherapy
although neurological review should be done early on.

STEP2: BACKGROUND:
Several international guidelines on management of paediatric patients with sepsis and septic shock including those with
severe refractoryseptic shock exists: Dellinger PR 2013 580 (2012 update onthe Survivingthe Sepsis guidelines 2008), Davis
AL 2017 1061 (2014 update on ACCM guidelines 2007) andMuszynski JA2018 S121 (Pediatric Critical Care Transfusion and
AnemiaExpertiseInitiativeConsensus).Noneofthese guidelinesspecificallycoversthesepsis-associatedCA.The
recommendations include both patients that are haemodynamically stable or unstable and suggest the early consideration
of ECMO in patients with severesepticshock refractory toconventionaltherapy. Werefertoother PICOST forfurther
elaboration on thesepapers.
Prevention of CA is the most crucial stepincases of severe septic shock. Jayaram N 2017110analyzedthe GWTG-R Registry
andfoundoutthatchildrenwithMETteamactivationbeforeCAweremorelikelytohavesepsisthanthosewithoutMET
team activation (16.7% vs. 4.8%, p=0.01). Further improvement is likely possible as '39.0% of children with IHCA without

activationof METteam hadatleastoneabnormal vitalsign thatcould havetriggereda MET one hour
beforeCA'(see PCIOST on early warning systems).
Diastolic dysfunction (Sankar J 2014 e370), secondary pulmonary hypertension (Balkin EM 2018), pARDS,
MODS, high lactate without a decreasing trend after resuscitative phase of fluid boluses and vasoactive
medication are mentioned asrisk factors for rapid evolution of refractory septic shock into CA. Several rescue
therapies for these situations are described including the use of specific medicationsto target pulmonary
hypertension (if present), the use of milrinone, enoximone, vasopressin, methylene blue (e.g. Rutledge C
2015 e1030). Also novel vasoactive drugs are being tested in phase II trials in adults (e.g. selepressin described
in Russell JA 2017 213). The early consideration of ECMO in severe septic shock refractory to fluids and
vasoactive medication is recommended in many articles including the above mentioned guidelines.
Concomitant MODS in the cohort of patients with severe refractory septic shock is common. Kawai Y 2015 366
describedin aretrospective single center cohort study that the use of therapeutic plasma exchange in
children on ECLS with sepsis- induced MODS is associated with organ failure recovery and improved
hemodynamic status. Initiating therapeutic plasma exchange early was associated with greater improvement
in organ dysfunction and decreased requirement for vasoactive and/or inotropic agents.
Morin L 2019 (the ESPNIC perspective) performed asurvey that identified significant variability in the current
clinician- reported practice of paediatric septic shock management. As most recommendations are not
supported by solid evidence, thesefindings outline some limitation of existing pediatric guidelines with regard
to context and patient's specificity. E.g. norepinephrine was stated to be used in 94% of the PICU physicians
surveyed, although dopamine or epinephrine are still recommended as first-line vasoactive drugs in pediatric
septic shock. Similarly, Parker MJ 2013 2188 performed a national survey in Canada to evaluate the
preferences and self-reported practices of pediatric acute care physicians with respect to sodium bicarbonate
administration to infants and children in shock or cardiac arrest and found a significant differences of opinion
among pediatric acute care physicians with respect to the timing and appropriateness ofsodium
bicarbonate administration during resuscitation and severe septic shock. Most indicated they would
support moving forward with a clinical trial.
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Reviewer Comments (including whether meet criteria for formal review):
SeveresepsisandsepticshockareknownriskfactorsforpaediatricCA.Sepsis-associatedIHCAhasworseoutcomesand preventionof
CA is themostcrucial step to improve neurologically favourable outcome in thesepatients.
Differentstrategiescanbeusedtopreventsepsis-associatedIHCAincludingtheuseofECMOintheseveresepticshock refractory to
fluids and vasoactive medication.
Norecommendationsto deviatefromthestandardPALSalgorithmforsepsis- associatedIHCAcanbemadebasedonthe current available
evidence. A formal review does not seem to be indicated currently.
Earlyconsiderationandtreatmentofpossible‘reversiblecauses’(4H4Ts)arehighlyencouragedinsepsis-associatedIHCAas several ‘reversible
causes’ might be present simultaneously.
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Appendix C-32
2020 Evidence Update Worksheet
Resuscitation of the patient with a single ventricle (PLS 390: EVUP)
Worksheet author(s): Tia Raymond
Council: AHA
Date Submitted:
PICO / Research Question: "For infants and children with single ventricle, s/p stage I repair, who require resuscitation from cardiac arrest or prearrest states (prehospital [OHCA] or in-hospital [IHCA]) (P), does any specific modification to standard practice (I) compared with standard
resuscitation practice (C) improve outcome (e.g. ROSC, survival to discharge, survival with good neurologic outcome)(O)?"
Outcomes: ROSC, survival to discharge, survival with good neurologic outcome
Type (intervention, diagnosis, prognosis): Intervention
Additional Evidence Reviewer(s): Javier Lasa
Conflicts of Interest (financial/intellectual, specific to this question): None
Year of last full review: 2010 / 2015 / New question: 2010 PICO 59
Last ILCOR Consensus on Science and Treatment Recommendation: 2010
Standard resuscitation (pre-arrest and arrest) procedures should be followed for infants and children with single-ventricle anatomy following
stage I repair. Neonates with a single ventricle before stage I repair who demonstrate shock caused by elevated pulmonary to systemic flow ratio
(Qp-to-Qs ratio) might benefit from inducing mild hypercarbia (PaCO2 ventilation to 50 to 60 mm Hg) this can be achieved during mechanical
ventilation by reducing minute ventilation, adding CO2 to inspired air, or administering opioids with or without chemical paralysis.
Neonates in a pre-arrest state following stage I repair may benefit from alpha-adrenergic antagonists to treat or ameliorate excessive
systemic vasoconstriction in order to improve systemic blood flow and oxygen delivery and reduce the likelihood of cardiac arrest.
Assessment of systemic oxygen extraction by monitoring SVCO2 or near infrared spectroscopy monitoring of cerebral and splanchnic
circulation may help identify evolving hemodynamic changes in infants following stage I procedures; such hemodynamic changes may herald
impending cardiac arrest.
2010 Search Strategy: ("cardiopulmonary resuscitation"[Mesh] OR "Heart Arrest"[Mesh]) AND ("Heart Defects, Congenital"[Mesh] OR “hypoplasti
heart syndrome” OR “single ventricle”) AND (“neonate” OR “infant” OR "child" OR "pediatric") 477 hits
PubMed: (“venous saturation” OR “cerebral oxygenation”) AND ("Heart Defects, Congenital"[Mesh] OR “hypoplastic left heart syndrome” OR “sin
ventricle”) AND (“neonate” or “infant”) 59 hits
2019 Search Strategy: (((((("cardiopulmonary resuscitation"[All Fields] OR "heart arrest"[All Fields] OR "prearrest"[All Fields] OR "near arrest"[All
Fields] OR "ECPR"[All Fields] OR "Extracorporeal cardiopulmonary resuscitation"[All Fields]) AND ("heart defects, congenital"[All Fields] OR
"hypoplastic left heart syndrome"[All Fields] OR "single ventricle"[All Fields] OR "univentricular"[All Fields] OR "Norwood"[All Fields] OR "BT
shunt"[All Fields] OR "Sano"[All Fields] OR "Stage 1 repair"[All Fields])) AND ("neonate"[All Fields] OR "infant"[All Fields] OR "child"[All Fields] OR
"pediatric"[All Fields])) OR ("venous saturation"[All Fields] OR "cerebral oxygenation"[All Fields] OR "near infrared spectroscopy"[All Fields] OR
"low cardiac output"[All Fields] OR "alpha adrenergic blockade"[All Fields] OR "hypercarbia "[All Fields])) AND ("heart defects, congenital"[All
Fields] OR "hypoplastic left heart syndrome"[All Fields] OR "single ventricle"[All Fields] OR "univentricular"[All Fields] OR "norwood"[All Fields] OR
"bt shunt"[All Fields] OR "sano"[All Fields] OR "stage 1 repair"[All Fields])) AND ("neonate"[All Fields] OR "infant"[All Fields] OR "child"[All Fields]
OR "pediatric"[All Fields])) AND ("2008/01/01"[PDAT] : "2019/10/26"[PDAT]) AND "observational study"[Publication Type] OR "randomized
control"[Publication Type]
Database searched: Pubmed
Date Search Completed: 1/1/2008-10/26/2019
Search Results (Number of articles identified / number identified as relevant): 26/5+2
Inclusion/Exclusion Criteria: Included only observational and RCT from 1/1/2008-10/25/2019. Excluded studies involving subsequent surgical
repairs (Stages 2 and 3), adults, non-single ventricle repairs, case reports, review articles, and editorials. Also searched “see related articles” in
PubMed for relevant articles; hit =1.
Link to Article Titles and Abstracts (if available on PubMed):
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18, 2020
Phosphodiesterase Inhibitor-Based Vasodilation
Improves
Oxygen Delivery and
Clinical
Outcomes
Following Stage 1 Palliation.

Mills KI, Kaza AK, Walsh BK, Bond HC, Ford M, Wypij D, Thiagarajan RR, Almodovar MC, Quinonez LG, Baird CW, Emani SE, Pigula FA,
DiNardo JA, Kheir JN. J Am Heart Assoc. 2016 Nov 2;5(11). pii: e003554.
A Novel Electrocardiogram Algorithm Utilizing ST-Segment Instability for Detection of Cardiopulmonary Arrest in Single Ventricle
Physiology: A Retrospective Study.
Vu EL, Rusin CG, Penny DJ, Kibler KK, Easley RB, Smith B, Andropoulos D, Brady K. Pediatr Crit Care Med. 2017 Jan;18(1):44-53. doi:
10.1097/PCC.0000000000000980.
Prediction of imminent, severe deterioration of children with parallel circulations using real-time processing of physiologic data.
Rusin CG, Acosta SI, Shekerdemian LS, Vu EL, Bavare AC, Myers RB, Patterson LW, Brady KM, Penny DJ. J Thorac Cardiovasc Surg. 2016
Jul;152(1):171-7. doi: 10.1016/j.jtcvs.2016.03.083. Epub 2016 Apr 16.
Does single ventricle physiology affect survival of children requiring extracorporeal membrane oxygenation support following cardiac
surgery?
Alsoufi B, Awan A, Manlhiot C, Al-Halees Z, Al-Ahmadi M, McCrindle BW, Alwadai A. World J Pediatr Congenit Heart Surg. 2014 Jan
1;5(1):7-15. doi: 10.1177/2150135113507292.
Rate of increase in serum lactate level risk-stratifies infants after surgery for congenital heart disease.
Schumacher KR, Reichel RA, Vlasic JR, Yu S, Donohue J, Gajarski RJ, Charpie JR. J Thorac Cardiovasc Surg. 2014 Aug;148(2):589-95. doi:
10.1016/j.jtcvs.2013.09.002. Epub 2013 Oct 17.
Identification of Time-Dependent Risks of Hemodynamic States following Stage 1 Norwood Palliation.
Hoffman GM, Scott JP, Ghanayem NS, Stuth EA, Mitchell ME, Woods RK, Hraska V, Niebler RA, Bertrandt RA, Mussatto KA, Tweddell
JS. Ann Thorac Surg. 2019 Aug 9. pii: S0003-4975(19)31163-4. doi: 10.1016/j.athoracsur.2019.06.063. [Epub ahead of print]
Postoperative Cerebral and Somatic Near-Infrared Spectroscopy Saturations and Outcome in Hypoplastic Left Heart Syndrome.
Hoffman GM, Ghanayem NS, Scott JP, Tweddell JS, Mitchell ME, Mussatto KA. Ann Thorac Surg. 2017 May;103(5):1527-1535. doi:
10.1016/j.athoracsur.2016.09.100. Epub 2016 Dec 21.
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and scoping reviews.
Relevant Guidelines or Systematic Reviews
Organization (if
relevant);
Author;
Year Published

RCT:
Study Acronym;
Author;
Year Published

Guideline or
systematic
review

Aim of Study;
Study Type;
Study Size (N)

Topic addressed
or PICO(S)T

Number of
articles
identified

Patient Population

Key findings

Treatment
recommendations

Study
Endpoint Results
Intervention
(Absolute Event
(# patients) /
Rates, P value; OR or
Study
RR; & 95% CI)
Comparator
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(# patients)

Relevant 2°
Endpoint (if
any);
Study
Limitations;
Adverse Events

Study Aim:

Inclusion Criteria:

Study Type:

Intervention:

1° endpoint:

Study
Limitations:

Comparison:

Nonrandomized Trials, Observational Studies
Study Acronym;
Study Type/Design; Patient Population
Author;
Study Size (N)
Year Published

Primary Endpoint and Results
(include P value; OR or RR; &
95% CI)

Summary/Conclusion
Comment(s)

A vasodilator protocol
utilizing milrinone following
S1P effectively decreased
SVR, improved serum
lactate, and decreased
postoperative cardiac arrest.
DO2 correlated more closely
with SVR than with Sa-vO2
difference, highlighting the
importance of measuring
VO2 in this population.
In single ventricle patients,
increased ST instability and
magnitude were associated
with rapid response events
that required intervention
for cardiopulmonary arrest,
whereas conventional STsegment monitoring did not
differentiate an arrest from
control state.

Phosphodiesterase
Inhibitor-Based
Vasodilation;
{Mills 2016 1}

Study Type:
Retrospective
review of pre- and
post- intervention
protocol groups

Inclusion Criteria:
All patients s/p S1P
for HLHS at Boston
2012-2015 enrolled
in milrinone
protocol
(n=56; 32 pre/24
post protocol)

1° endpoint:
Neonates in protocol lower
SVR (p=0.02), lactate
(p<0.001), Sa-vO2 diff
(P<0.001), and incidence of
ECPR (P=0.02) within first
72hrs postop.

A Novel
Electrocardiogram
Algorithm Utilizing
ST-Segment; El;
2017

Retrospective,
observational

Twenty single
ventricle infants
who received stage
1 palliation surgery
between January
2013 and January
2014. Twenty rapid
response events
resulting in
cardiopulmonary
arrests (arrest
group) were
recorded in 13
subjects, and nine
subjects had no
interstage
cardiopulmonary
arrest (control
group).

Prediction of
Imminent, Severe
Deterioration;
Rusin; 2016

Retrospective,
observational

25 children with
parallel systemic
and pulmonary
circulation
admitted to Texas
Children’s Hospital
between their
early neonatal
palliation and stage
2 surgical
palliation.

ST segment values compared
pre-arrest vs post-arrest and
arrest group compared to
control group. There was no
significant difference in mean
unprocessed ST segment
values in the arrest and
control groups. Utilizing signal
processing, there was an
increase in ST vector
magnitude (p = 0.02) and
instability (p = 0.008) in the
arrest group. In the paired
subgroup analysis, there was
an increase in ST vector
magnitude (p = 0.05) and
instability (p = 0.05) in the
pre-arrest state compared to
the post-arrest state prior to
discharge.
Instances of cardiorespiratory
deterioration (defined as the
need for CPR or endotracheal
intubation). Twenty
cardiorespiratory
deterioration events were
identified in 13 of the 25
infants. Algorithm was both
sensitive and specific for
detecting impending events,
one to two hours in advance
of overt extremis (ROC Area =
0.91, 95% CI = 0.88–0.94).

Automated, intelligent
analysis of standard
physiologic data in real
time can detect signs of
clinical deterioration too
subtle for the clinician to
observe without the aid of
a computer. This metric
may serve as an early
warning indicator of critical
deterioration in patients
with parallel systemic and
pulmonary circulation.
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Does Single
Ventricle
physiology affect;
Alsoufi; 2014

Retrospective,
observational

100 consecutive
children requiring
postoperative
ECMO (2007-2012)

Rate of increase in
serum lactate;
Schumacher; 2013

Prospective,
observational

Identification of
time-dependent
risks; Hoffman;
2019

Prospective
database collection

infants (aged <12
months)
undergoing cardiac
surgery had serial
whole blood
lactate levels
measured with
every arterial
blood gas drawn
for the first 24
postoperative
hours. 231 infants;
19 infants (8.2%)
had a poor
outcome.
Hemodynamic
state was classified
as high CO, high
SVR, low SVR, and
low CO using
bivariate analysis
of mean arterial
pressure (MAP)
and somatic
regional NIRS
saturation (rSO2R).

The ECMO indication was
failure to wean
cardiopulmonary bypass
(34%) and postoperative low
cardiac output (66%) including
37% having extracorporeal
cardiopulmonary resuscitation
(ECPR). In SV group,
decannulation and survival
rates were 55% and 32%. The
SV-ECMO outcomes were best
in ECPR subgroup (54%),
following shunt (57%) or
Norwood (46%). On
multivariable analysis, factors
affecting odds of survival
were: ECPR in patients with SV
(OR: 11.84, CI: 1.11-126.07, P
= .04),
composite poor outcome
included death, the need for
extracorporeal support, and
dialysis. In neonates (age <30
days) with single-ventricle
physiology (n = 43, poor
outcome = 8), a lactate
increase of 0.6 mmol/L/h had
near perfect discriminatory
ability (AUC 0.99) with a
sensitivity of 100%, specificity
of 51%, PPV of 32%, and NPV
of 100%.

ECMO is valuable in
patients with SV however
results depend on anatomy,
procedure, and support
indication. Persistent
markers of poor perfusion,
end-organ injury, and
prolonged ECMO duration
are associated with
mortality. Those factors
could be modified by early
ECMO application before
organ damage, meticulous
homeostasis to ensure
adequate perfusion, early
diagnosis, and reoperation
on residual lesions to
expedite weaning.

Association with mortality.
9614/10272 hours in 214
patients: The predominant
state was high CO (46% time).
Low CO state without ECMO
was found in 52% of patients
for 9.7% time. ECMO was
employed in 24 (11.2%)
patients for 10.4% time. State
stability was 33%, with high
SVR the least (17%) and high
CO (53%) the most stable.
Transition from high CO
increased in hours 1-12,
mainly to low SVR. Transition
to low CO was 18.4%,
increasing in hours 1-12,
mainly from high SVR. The
transition risk to ECMO was
0.32%, and 0.74% during
hours 1-12, only from low CO.
Both low CO and ECMO had
increased mortality risk.

Bivariate classification
defines hemodynamic
states with distinct
physiologic, transition, and
mortality risk profiles. High
SVR state was unstable.
Transition to ECMO
occurred only from low CO,
while the low SVR and high
CO states were safest.

Postoperative lactate
increase rate allows
discrimination between
infants at high and low risk
of morbidity and mortality
after congenital heart
disease surgery, and the
lactate level can be
followed serially for the
treatment response.
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Postoperative
cerebral and
somatic NIRS;
Hoffman;2017

Prospective registry

194 patients with
SVO2 and NIRS
data; early survival
rate was 92.1%;
extracorporeal
membrane
oxygenation was
used in 8.8% of
patients.

The primary outcome
measure was survival through
hospital discharge and 30
days. Mean arterial pressure
(MAP 50+-5.7 vs 47+6.0;P=0.023), arterial cerebral
(18+-8.8 vs 13 +- 7.3;
P=0.045), and somatic
cerebral NIRS saturation
differences (10.3 +- 9.7 vs 5.5
+- 11.1; P=0.05) were
significantly higher for
survivors versus nonsurvivors.
Multivariable analysis found
cerebral (OR 0.91+-0.02 CI
0.86–0.96; P<0.001)
and somatic NIRS saturations
(OR 1.05 +- 0.03 CI 1.01–1.14;
P=0.018), heart rate (OR 1.05
+- 0.02 CI 1.01–1.09; P=0.015),
and arterial pressure (OR 1.19
+- 0.09 CI 1.02–1.38; P=0.025)
as predictors of outcome.
Bivariate analysis of mean
arterial pressure and somatic
saturation allowed early
identification of low cardiac
output and high mortality risk.

Continuous noninvasive
measurement of regional
cerebral and somatic NIRS
saturations in the early
postoperative period can
predict outcomes of early
mortality and
extracorporeal membrane
oxygenation use in
hypoplastic left heart
syndrome. Because
outcomes were strongly
determined by NIRS
measures at 6 hours, early
postoperative NIRS
measures may be rational
targets for goal-directed
interventions.

Reviewer Comments (including whether meet criteria for formal review): Neonates s/p Stage I repair for functional single ventricle are at
increased risk of cardiac arrest both pre-operatively and post-operatively compared to non-cardiac patients, cardiac patients with bi-ventricular
physiology, and patients s/p other cardiac surgical procedures of less complexity. From this evidence review, the only known modification to
standard practice for this population that improves outcomes in the arrest state is the rapid institution of extracorporeal cardiopulmonary
support instituted in the setting of a cardiac arrest (ECPR) that is recalcitrant to standard CPR. Alfousi (2014) reports 37% of the SV group having
ECPR, with decannulation and survival rates of 55% and 32%. The SV-ECMO outcomes were best in ECPR subgroup (54%), following shunt (57%)
or Norwood (46%) with improved odds of survival in multivariable analysis for ECPR in patients with SV (OR: 11.84, CI: 1.11-126.07, P = .04). There
are no data in the setting of HLHS receiving heparin administration during CPR for an arrest of unknown etiology (particularly if shunt blockage is
suspected), however following general guidelines for significant vascular occlusion, it may be worth considering administering an intravenous
bolus of unfractionated heparin (dose 100 U/kg if not concurrently receiving heparin, otherwise bolus dose 50 U/kg) (based on cardiac catheter
guideline recommendations for antithrombotic therapy for suspected acute shunt thrombosis). For the SV patient in the pre-arrest state, there is
evidence to support the use of vasodilators such as milrinone following S1P in order to effectively decrease SVR, improved serum lactate, and
decrease postoperative cardiac arrest. There is also newer data to support the analysis of standard physiologic data, including ST segment
analysis, to in order to identify those SV patients at increased risk of arrest. Continuous noninvasive measurement of regional cerebral and
somatic NIRS saturations in the early postoperative period can predict outcomes of early mortality and extracorporeal membrane oxygenation
use in hypoplastic left heart syndrome, and there is evidence postoperative NIRS measures may be rational targets for goal-directed
interventions.
Reference list
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Jan 1;5(1):7-15.
Rate of increase in serum lactate level risk-stratifies infants after surgery for congenital heart disease. Schumacher KR, Reichel RA, Vlasic
JR, Yu S, Donohue J, Gajarski RJ, Charpie JR. J Thorac Cardiovasc Surg. 2014 Aug;148(2):589-95.
Identification of Time-Dependent Risks of Hemodynamic States following Stage 1 Norwood Palliation. Hoffman GM, Scott JP, Ghanayem
NS, Stuth EA, Mitchell ME, Woods RK, Hraska V, Niebler RA, Bertrandt RA, Mussatto KA, Tweddell JS. Ann Thorac Surg. 2019 Aug 9. pii:
S0003-4975(19)31163-4. doi: 10.1016/j.athoracsur.2019.06.063. [Epub ahead of print].
Postoperative Cerebral and Somatic Near-Infrared Spectroscopy Saturations and Outcome in Hypoplastic Left Heart Syndrome. Hoffman
GM, Ghanayem NS, Scott JP, Tweddell JS, Mitchell ME, Mussatto KA. Ann Thorac Surg. 2017 May;103(5):1527-1535.
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Appendix C-33
2020 Evidence Update Worksheet
Resuscitation of the patient with Fontan circulation (PLS 392: EvUp)

Worksheet author(s): Javier Lasa
ILCOR TF Lead:
Date Submitted for Review:
PICO / Research Question: (2010) For infants and children with Fontan or hemi-Fontan/bidirectional Glenn (BDG) circulation who require
resuscitation from cardiac arrest or pre-arrest states (pre-hospital [OHCA] or in-hospital [IHCA]) (P), does any specific modification to standard
practice (I) compared with standard resuscitation practice (C) improve outcomes (O)?
Outcomes: ROSC, survival to discharge, favorable neurologic outcome
Type (intervention, diagnosis, prognosis): intervention
Writing Group: Peds
Question Owner:
Evidence Reviewer(s): Javier Lasa, Tia Raymond
Conflicts of Interest: None
Year of last full review: 2010 / 2015 / New question: 2010 PICO 55B
Last ILCOR Consensus on Science and Treatment Recommendation: ?
●

2018 Scientific Statement on “Cardiopulmonary Resuscitation in Infants and Children With Cardiac Disease”
o Recommendations: Superior CPA and Fontan
1. For patients with a superior CPA or Fontan physiology, ventilatory strategies such as spontaneous or negative-pressure
ventilation can be useful to increase cardiac output (Class IIa; Level of Evidence C).
2. For patients with a superior CPA and severe hypoxemia in a prearrest state, ventilatory strategies that target a mild
respiratory acidosis and a minimum mean airway pressure without atelectasis can be useful to increase cerebral and
systemic arterial oxygenation (Class IIa; Level of Evidence B).
3. If the patient with a superior CPA develops cardiac arrest, the survival is poor, and risk for end-organ injury is
increased. As a result, it is important for providers to recognize and intervene when prearrest low cardiac output and
impaired Do2 develop (Class IIa; Level of Evidence C).

●

2010 PALS Recommendations
o “Hypoventilation may improve oxygen delivery in patients in a prearrest state with Fontan or hemi-Fontan/bidirectional Glenn
(BDG) physiology (Class IIa, LOE B).[358–361]. Negative-pressure ventilation may improve cardiac output (Class IIa, LOE
C).[362,363].
o During cardiopulmonary arrest, it is reasonable to consider extracorporeal membrane oxygenation (ECMO) for patients with
Fontan physiology (Class IIa, LOE C).[364] It is unclear at this time whether patients with hemi-Fontan/BDG physiology in cardiac
arrest might benefit from ECMO.”
o References:
▪ 358. Hoskote A, Li J, Hickey C, Erickson S, Van Arsdell G, Stephens D, Holtby H, Bohn D, Adatia I. The effects of carbon
dioxide on oxygenation and systemic, cerebral, and pulmonary vascular hemodynamics after the bidirectional superior
cavopulmonary anastomosis. J Am Coll Cardiol. 2004;44:1501–1509.
▪ 359. Li J, Hoskote A, Hickey C, Stephens D, Bohn D, Holtby H, Van Arsdell G, Redington AN, Adatia I. Effect of carbon
dioxide on systemic oxygenation, oxygen consumption, and blood lactate levels after bidi-rectional superior
cavopulmonary anastomosis. Crit Care Med. 2005; 33:984–989.
▪ 360. Fogel MA, Durning S, Wernovsky G, Pollock AN, Gaynor JW, Nicolson S. Brain versus lung: hierarchy of feedback
loops in single- ventricle patients with superior cavopulmonary connection. Circulation. 2004;110(11 Suppl 1):II147–
152.
▪ 361. Bradley SM, Simsic JM, Mulvihill DM. Hypoventilation improves oxygenation after bidirectional superior
cavopulmonary connection. J Thorac Cardiovasc Surg. 2003;126:1033–1039.
▪ 362. Shekerdemian LS, Shore DF, Lincoln C, Bush A, Redington AN. Negative-pressure ventilation improves cardiac
output after right heart surgery. Circulation. 1996;94(9 Suppl):II49–55.
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▪
▪

363. Shekerdemian LS, Bush A, Shore DF, Lincoln C, Redington AN. Cardiopulmonary interactions after Fontan
operations: augmentation of cardiac output using negative pressure ventilation. Circulation. 1997; 96:3934–3942.
364. Booth KL, Roth SJ, Thiagarajan RR, Almodovar MC, del Nido PJ, Laussen PC. Extracorporeal membrane oxygenation
support of the Fontan and bidirectional Glenn circulations. Ann Thorac Surg.a2004;77:1341–1348.

2010 Search Strategy: "cardiopulmonary resuscitation"[MeSH] AND "univentricular heart"[Title/Abstract]) OR ("cardiopulmonary
resuscitation"[MeSH] AND "fontan"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "hemi-fontan"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "cavopulmonary anastomosis"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "glenn"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "bidirectional glenn"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "cavopulmonary connection"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "superior cavopulmonary connection"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "superior cavopulmonary anastomosis"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "single ventricle"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "univentricular heart"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "fontan"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "hemi-fontan"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "cavopulmonary anastomosis"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "glenn"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "bidirectional glenn"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "cavopulmonary connection"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "superior cavopulmonary connection"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "superior cavopulmonary anastomosis"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "single ventricle"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "univentricular heart"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "fontan"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "hemi-fontan"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "cavopulmonary anastomosis"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "glenn"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "bidirectional glenn"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "cavopulmonary connection"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "superior cavopulmonary connection"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "superior cavopulmonary anastomosis"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "single ventricle"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "univentricular heart"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "fontan"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "hemi-fontan"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "cavopulmonary anastomosis"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "glenn"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "bidirectional glenn"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "cavopulmonary connection"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "superior cavopulmonary connection"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "superior cavopulmonary anastomosis"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "single ventricle"[Title/Abstract]) OR
("heart massage"[MeSH] AND "univentricular heart"[Title/Abstract]) OR
("heart massage"[MeSH] AND "fontan"[Title/Abstract]) OR
("heart massage"[MeSH] AND "hemi-fontan"[Title/Abstract]) OR
("heart massage"[MeSH] AND "cavopulmonary anastomosis” Title/Abstract]) OR
("heart massage"[MeSH] AND "glenn"[Title/Abstract]) OR
("heart massage"[MeSH] AND "cavopulmonary connection"[Title/Abstract]) OR
("heart massage"[MeSH] AND "superior cavopulmonary connection"[Title/Abstract]) OR
("heart massage"[MeSH] AND "superior cavopulmonary anastomosis"[Title/Abstract]) OR
("heart bypass, right"[MeSH] AND "resuscitation"[Title/Abstract]) OR
("heart bypass, right"[MeSH] AND "pediatric advanced cardiac life support” [Title/Abstract]) OR
("heart bypass, right"[MeSH] AND "cardiopulmonary resuscitation"[Title/Abstract]) OR
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("heart bypass, right"[MeSH] AND "heart
arrest"[Title/Abstract])
OR
("heart bypass, right"[MeSH] AND "advanced cardiac life support” [Title/Abstract]) OR

("heart bypass, right"[MeSH] AND "respiration, artificial"[Title/Abstract]) OR
("heart bypass, right"[MeSH] AND "heart massage"[Title/Abstract]) OR
("fontan procedure"[MeSH] AND "resuscitation"[Title/Abstract]) OR
("fontan procedure"[MeSH] AND "pediatric advanced cardiac life support” [Title/Abstract]) OR
("fontan procedure"[MeSH] AND "cardiopulmonary resuscitation"[Title/Abstract]) OR
("fontan procedure"[MeSH] AND "heart arrest"[Title/Abstract] [Title/Abstract]) OR
("fontan procedure"[MeSH] AND "advanced cardiac life support” [Title/Abstract]) OR
("fontan procedure"[MeSH] AND "respiration, artificial"[Title/Abstract]) OR
("fontan procedure"[MeSH] AND "heart massage"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "tricuspid atresia"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "hypoplastic left heart syndrome"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "double inlet left ventricle"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "DORV with mitral atresia"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "unbalanced atrial ventricular canal defect"[Title/Abstract]) OR ("heart arrest"[MeSH] AND
"tricuspid atresia"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "hypoplastic left heart syndrome"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "double inlet left ventricle"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "DORV with mitral atresia"[Title/Abstract]) OR
("heart arrest"[MeSH] AND "unbalanced atrial ventricular canal defect"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "tricuspid atresia"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "hypoplastic left heart syndrome"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "double inlet left ventricle"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "DORV with mitral atresia"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "unbalanced atrial ventricular canal defect"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "tricuspid atresia"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "hypoplastic left heart syndrome"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "double inlet left ventricle"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "DORV with mitral atresia"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "unbalanced atrial ventricular canal defect"[Title/Abstract]) OR
("heart massage"[MeSH] AND "tricuspid atresia"[Title/Abstract]) OR
("heart massage"[MeSH] AND "hypoplastic left heart syndrome"[Title/Abstract]) OR
("heart massage"[MeSH] AND "double inlet left ventricle"[Title/Abstract]) OR
("heart massage"[MeSH] AND "DORV with mitral atresia"[Title/Abstract]) OR
("heart massage"[MeSH] AND "unbalanced atrial ventricular canal defect"[Title/Abstract]) OR
("hypoplastic left heart syndrome"[MeSH] AND "resuscitation"[Title/Abstract]) OR
("hypoplastic left heart syndrome"[MeSH] AND "pediatric advanced cardiac life support"[Title/Abstract]) OR
("hypoplastic left heart syndrome"[MeSH] AND "cardiopulmonary resuscitation"[Title/Abstract]) OR
("hypoplastic left heart syndrome"[MeSH] AND "heart arrest"[Title/Abstract]) OR
("hypoplastic left heart syndrome"[MeSH] AND "advanced cardiac life support"[Title/Abstract]) OR
("hypoplastic left heart syndrome"[MeSH] AND "respiration, artificial"[Title/Abstract]) OR
("hypoplastic left heart syndrome"[MeSH] AND "heart massage"[Title/Abstract]) OR
("tricuspid atresia"[MeSH] AND "resuscitation"[Title/Abstract]) OR
("tricuspid atresia"[MeSH] AND "pediatric advanced cardiac life support” [Title/Abstract]) OR
("tricuspid atresia"[MeSH] AND "cardiopulmonary resuscitation"[Title/Abstract]) OR
("tricuspid atresia"[MeSH] AND "heart arrest"[Title/Abstract]) OR
("tricuspid atresia"[MeSH] AND "advanced cardiac life support"[Title/Abstract]) OR
("tricuspid atresia"[MeSH] AND "respiration, artificial"[Title/Abstract]) OR
("tricuspid atresia"[MeSH] AND "heart massage"[Title/Abstract])
2019 Search Strategy: ("cardiopulmonary resuscitation"[MeSH] AND "univentricular heart"[Title/Abstract]) OR ("cardiopulmonary
resuscitation"[MeSH] AND "fontan"[Title/Abstract]) OR ("cardiopulmonary resuscitation"[MeSH] AND "hemi-fontan"[Title/Abstract]) OR
("cardiopulmonary resuscitation"[MeSH] AND "cavopulmonary anastomosis"[Title/Abstract]) OR ("cardiopulmonary resuscitation"[MeSH] AND
"glenn"[Title/Abstract]) OR ("cardiopulmonary resuscitation"[MeSH] AND "bidirectional glenn"[Title/Abstract]) OR ("cardiopulmonary
resuscitation"[MeSH] AND "cavopulmonary connection"[Title/Abstract]) OR ("cardiopulmonary resuscitation"[MeSH] AND "superior
cavopulmonary connection"[Title/Abstract]) OR ("cardiopulmonary resuscitation"[MeSH] AND "superior cavopulmonary
anastomosis"[Title/Abstract]) OR ("cardiopulmonary resuscitation"[MeSH] AND "single ventricle"[Title/Abstract]) OR ("heart arrest"[MeSH] AND
"univentricular heart"[Title/Abstract])Downloaded
OR ("heartfrom
arrest"[MeSH]
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OR
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18,("heart
2020 arrest"[MeSH] AND "hemifontan"[Title/Abstract]) OR ("heart arrest"[MeSH] AND "cavopulmonary anastomosis"[Title/Abstract]) OR ("heart arrest"[MeSH] AND

"glenn"[Title/Abstract]) OR ("heart arrest"[MeSH] AND "bidirectional glenn"[Title/Abstract]) OR ("heart arrest"[MeSH] AND "cavopulmonary
connection"[Title/Abstract]) OR ("heart arrest"[MeSH] AND "superior cavopulmonary connection"[Title/Abstract]) OR ("heart arrest"[MeSH] AND
"superior cavopulmonary anastomosis"[Title/Abstract]) OR ("heart arrest"[MeSH] AND "single ventricle"[Title/Abstract]) OR ("advanced cardiac
life support"[MeSH] AND "univentricular heart"[Title/Abstract]) OR ("advanced cardiac life support"[MeSH] AND "fontan"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "hemi-fontan"[Title/Abstract]) OR ("advanced cardiac life support"[MeSH] AND "cavopulmonary
anastomosis"[Title/Abstract]) OR ("advanced cardiac life support"[MeSH] AND "glenn"[Title/Abstract]) OR ("advanced cardiac life support"[MeSH]
AND "bidirectional glenn"[Title/Abstract]) OR ("advanced cardiac life support"[MeSH] AND "cavopulmonary connection"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "superior cavopulmonary connection"[Title/Abstract]) OR ("advanced cardiac life support"[MeSH]
AND "superior cavopulmonary anastomosis"[Title/Abstract]) OR ("advanced cardiac life support"[MeSH] AND "single ventricle"[Title/Abstract])
OR ("respiration, artificial"[MeSH] AND "univentricular heart"[Title/Abstract]) OR ("respiration, artificial"[MeSH] AND "fontan"[Title/Abstract]) OR
("respiration, artificial"[MeSH] AND "hemi-fontan"[Title/Abstract]) OR ("respiration, artificial"[MeSH] AND "cavopulmonary
anastomosis"[Title/Abstract]) OR ("respiration, artificial"[MeSH] AND "glenn"[Title/Abstract]) OR ("respiration, artificial"[MeSH] AND
"bidirectional glenn"[Title/Abstract]) OR ("respiration, artificial"[MeSH] AND "cavopulmonary connection"[Title/Abstract]) OR ("respiration,
artificial"[MeSH] AND "superior cavopulmonary connection"[Title/Abstract]) OR ("respiration, artificial"[MeSH] AND "superior cavopulmonary
anastomosis"[Title/Abstract]) OR ("respiration, artificial"[MeSH] AND "single ventricle"[Title/Abstract]) OR ("heart massage"[MeSH] AND
"univentricular heart"[Title/Abstract]) OR ("heart massage"[MeSH] AND "fontan"[Title/Abstract]) OR ("heart massage"[MeSH] AND "hemifontan"[Title/Abstract]) OR ("heart massage"[MeSH] AND "cavopulmonary anastomosis"[All Fields] AND Title/Abstract[All Fields]) OR ("heart
massage"[MeSH] AND "glenn"[Title/Abstract]) OR ("heart massage"[MeSH] AND "cavopulmonary connection"[Title/Abstract]) OR ("heart
massage"[MeSH] AND "superior cavopulmonary connection"[Title/Abstract]) OR ("heart massage"[MeSH] AND "superior cavopulmonary
anastomosis"[Title/Abstract]) OR ("heart bypass, right"[MeSH] AND "resuscitation"[Title/Abstract]) OR ("heart bypass, right"[MeSH] AND
"pediatric advanced cardiac life support"[Title/Abstract]) OR ("heart bypass, right"[MeSH] AND "cardiopulmonary resuscitation"[Title/Abstract])
OR ("heart bypass, right"[MeSH] AND "heart arrest"[Title/Abstract]) OR ("heart bypass, right"[MeSH] AND "advanced cardiac life
support"[Title/Abstract]) OR ("heart bypass, right"[MeSH] AND "heart massage"[Title/Abstract]) OR ("fontan procedure"[MeSH] AND
"resuscitation"[Title/Abstract]) OR ("fontan procedure"[MeSH] AND "pediatric advanced cardiac life support"[Title/Abstract]) OR ("fontan
procedure"[MeSH] AND "cardiopulmonary resuscitation"[Title/Abstract]) OR ("fontan procedure"[MeSH] AND "heart arrest"[Title/Abstract] AND
Title/Abstract[All Fields]) OR ("fontan procedure"[MeSH] AND "advanced cardiac life support"[Title/Abstract]) OR ("fontan procedure"[MeSH]
AND "heart massage"[Title/Abstract]) OR ("cardiopulmonary resuscitation"[MeSH] AND "tricuspid atresia"[Title/Abstract]) OR ("cardiopulmonary
resuscitation"[MeSH] AND "hypoplastic left heart syndrome"[Title/Abstract]) OR ("cardiopulmonary resuscitation"[MeSH] AND "double inlet left
ventricle"[Title/Abstract]) OR ("heart arrest"[MeSH] AND "tricuspid atresia"[Title/Abstract]) OR ("heart arrest"[MeSH] AND "hypoplastic left heart
syndrome"[Title/Abstract]) OR ("heart arrest"[MeSH] AND "double inlet left ventricle"[Title/Abstract]) OR ("advanced cardiac life support"[MeSH]
AND "tricuspid atresia"[Title/Abstract]) OR ("advanced cardiac life support"[MeSH] AND "hypoplastic left heart syndrome"[Title/Abstract]) OR
("advanced cardiac life support"[MeSH] AND "double inlet left ventricle"[Title/Abstract]) OR ("respiration, artificial"[MeSH] AND "tricuspid
atresia"[Title/Abstract]) OR ("respiration, artificial"[MeSH] AND "hypoplastic left heart syndrome"[Title/Abstract]) OR ("respiration,
artificial"[MeSH] AND "double inlet left ventricle"[Title/Abstract]) OR ("heart massage"[MeSH] AND "tricuspid atresia"[Title/Abstract]) OR ("heart
massage"[MeSH] AND "hypoplastic left heart syndrome"[Title/Abstract]) OR ("heart massage"[MeSH] AND "double inlet left
ventricle"[Title/Abstract]) OR ("hypoplastic left heart syndrome"[MeSH] AND "resuscitation"[Title/Abstract]) OR ("hypoplastic left heart
syndrome"[MeSH] AND "pediatric advanced cardiac life support"[Title/Abstract]) OR ("hypoplastic left heart syndrome"[MeSH] AND
"cardiopulmonary resuscitation"[Title/Abstract]) OR ("hypoplastic left heart syndrome"[MeSH] AND "heart arrest"[Title/Abstract]) OR
("hypoplastic left heart syndrome"[MeSH] AND "advanced cardiac life support"[Title/Abstract]) OR ("hypoplastic left heart syndrome"[MeSH]
AND "heart massage"[Title/Abstract]) OR ("tricuspid atresia"[MeSH] AND "resuscitation"[Title/Abstract]) OR ("tricuspid atresia"[MeSH] AND
"pediatric advanced cardiac life support"[Title/Abstract]) OR ("tricuspid atresia"[MeSH] AND "cardiopulmonary resuscitation"[Title/Abstract]) OR
("tricuspid atresia"[MeSH] AND "heart arrest"[Title/Abstract]) OR ("tricuspid atresia"[MeSH] AND "advanced cardiac life support"[Title/Abstract])
OR ("tricuspid atresia"[MeSH] AND "heart massage"[Title/Abstract])) AND "observational study"[Publication Type] AND ("2013/01/01"[PDAT] :
"2019/09/25"[PDAT])
Search Database: Pubmed
Date Search Completed: September 22, 2019
Search Results (Number of articles identified / number identified as relevant): 7+1/1
Inclusion/Exclusion Criteria: Observational and RCT only from 1/1/2013-9/22/2019.
Search results produced seven (7) studies and, of these 7 studies (included in citation below), 4 were not directly related to Glenn/Hemi-Fontan
or Fontan patients (Zeb et al.; Vu et al.; Rusin et al.; Mills et al.), 3 did not include subgroup analyses of Glenn/Hemi-Fontan or Fontan patients
(Romans et al.; Miletec et al.; Alsoufi et al.) and thus were not included in the “Summary of Evidence Update Review” table below.
We added an additional multicenter registry analysis (Jolley et al. J Thorac Cardiovasc Surg. 2014) focused on mechanical circulatory support
(ECMO) in order to review evidence to support the use of ECMO peri-arrest in patients with Glenn/Hemi-Fontan circulations.
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Link to Article Titles and Abstracts: https://www.ncbi.nlm.nih.gov/pubmed?cmd=HistorySearch&querykey=2

Search Result Citations:
Epidemiology of Noninvasive Ventilation in Pediatric Cardiac ICUs. Romans RA, Schwartz SM, Costello JM, Chanani NK, Prodhan P, Gazit AZ, Smith
AH, Cooper DS, Alten J, Mistry KP, Zhang W, Donohue JE, Gaies M. Pediatr Crit Care Med. 2017 Oct;18(10):949-957.
Phosphodiesterase Inhibitor-Based Vasodilation Improves Oxygen Delivery and Clinical Outcomes Following Stage 1 Palliation. Mills KI, Kaza AK,
Walsh BK, Bond HC, Ford M, Wypij D, Thiagarajan RR, Almodovar MC, Quinonez LG, Baird CW, Emani SE, Pigula FA, DiNardo JA, Kheir JN. J Am
Heart Assoc. 2016 Nov 2;5(11).
A Novel Electrocardiogram Algorithm Utilizing ST-Segment Instability for Detection of Cardiopulmonary Arrest in Single Ventricle Physiology: A
Retrospective Study. Vu EL, Rusin CG, Penny DJ, Kibler KK, Easley RB, Smith B, Andropoulos D, Brady K. Pediatr Crit Care Med. 2017 Jan;18(1):4453.
Prediction of imminent, severe deterioration of children with parallel circulations using real-time processing of physiologic data. Rusin CG, Acosta
SI, Shekerdemian LS, Vu EL, Bavare AC, Myers RB, Patterson LW, Brady KM, Penny DJ. J Thorac Cardiovasc Surg. 2016 Jul;152(1):171-7.
Prospective Validation of a Novel Vasoactive-Ventilation-Renal Score as a Predictor of Outcomes After Pediatric Cardiac Surgery. Miletic KG,
Delius RE, Walters HL 3rd, Mastropietro CW. Ann Thorac Surg. 2016 Apr;101(4):1558-63.
Sensitivity and specificity of the subcutaneous implantable cardioverter defibrillator pre-implant screening tool. Zeb M, Curzen N, Allavatam V,
Wilson D, Yue A, Roberts P, Morgan J. Int J Cardiol. 2015 Sep 15;195:205-9.
Results of rapid-response extracorporeal cardiopulmonary resuscitation in children with refractory cardiac arrest following cardiac surgery.
Alsoufi B, Awan A, Manlhiot C, Guechef A, Al-Halees Z, Al-Ahmadi M, McCrindle BW, Kalloghlian A. Eur J Cardiothorac Surg. 2014 Feb;45(2):26875.
Additional Citation:
Extracorporeal mem204brane oxygenation in patients undergoing superior cavopulmonary anastomosis. Jolley M, Thiagarajan RR, Barrett CS,
Salvin JW, Cooper DS, Rycus PT, Teele SA. J Thorac Cardiovasc Surg. 2014 Oct;148(4):1512-8. doi: 10.1016/j.jtcvs.2014.04.028. Epub 2014 Apr 18.
Summary of Evidence Update Review:
Review Process for topics not covered by ILCOR Task Forces
1. This evidence update process is only applicable to PICOTs which are not being reviewed by ILCOR.
RCT:
Study Acronym;
Author;
Year Published

Aim of Study;
Study Type;
Study Size (N)

Patient Population

Study
Intervention
(# patients) /
Study
Comparator
(# patients)

Endpoint Results
(Absolute Event
Rates, P value; OR or
RR; & 95% CI)

Study Aim:

Inclusion Criteria:

Intervention:

1° endpoint:

Study Type:

Comparison:

Nonrandomized Trials, Observational Studies
Study Acronym;
Study
Patient Population/
Author;
Type/Design;
Inclusion/Exclusion
Study Size (N)
Year Published
Extracorporeal
membrane oxygenation
in patients undergoing
superior cavopulmonary
anastomosis.
{Jolley 2014 1512}

● Retrospective
cohort
analysis of
ELSO registry
● 1999 to 2012
● 288 Centers

● Infants undergoing a
Glenn operation between ages 3 and 12
months
● Exclusion: Fontan
● 103 infants
● 107 ECMO runs

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

Relevant 2°
Endpoint (if
any);
Study
Limitations;
Adverse
Events
Study
Limitations:

Summary/Conclusion
Comment(s)

● Survival to hospital
● Insufficient evidence
discharge for all Glenn +
to support any
ECMO = 41%
changes to
resuscitation or
● Neurologic injury (ELSO
identification of at risk
definition): 14% for
patients with Glenn (or
survivors
Fontan) circulation.
● For ECMO exposure, no
difference in survival for ● Survival was improved
patients undergoing CPR
compared with
during admission (n = 39)
outcome data from
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similar ELSO registry

vs. those who did not (n
analyses following
=64; p >0.05)
stage I palliation for
● Eleven of 39 patients
hypoplastic left heart
(28%) who underwent
syndrome (31%) and
CPR during their
Fontan (35%).
● Neurologic
admission had
complications were
subsequent neurologic
similar in the Glenn
complications, whereas
group (23%) to that of
13 of 64 patients (20%)
without CPR had
ECMO following stage
I palliation (22%) and
neurologic complications
(P=.35).
Fontan (20%), and only
slightly higher than
● 9 patients were
ECMO for all neonates
identified as pure ECPR
younger than age 30
patients, survival 45%
days (20%)
(n=4/9)
● Outcomes for ECPR or
patients with Glenn
who’d experienced
cardiac arrest (at any
time during admission,
not specifically pre or
post ECMO) were
comparable with
outcomes for other
ECMO indications.
● ECPR patient
population sample size
too low (N=9)

Reviewer Comments:
Optimizing outcomes after cardiac arrest for the unique population of patients with single-ventricle physiology status-post superior
cavopulmonary connection (Glenn or Hemi-Fontan procedure) or bicavopulmonary connection (Fontan procedure) requires a thorough
understanding of anatomic and physiologic differences between both groups as well as patients with biventricular physiologies (with or without
intracardiac shunting). Conventional chest compressions provide mechanical action to a single-ventricle with resultant generation of systemic
blood flow (SBF). However, in contrast to biventricular physiologies, chest compressions do not provide direct stroke volume to the pulmonary
circulation in patients with either Glenn/Hemi-Fontan or Fontan circulations. In these patients, pulmonary blood flow (PBF) is dependent on
passive venous return from either superior vena cava (SVC; Glenn or Hemi-Fontan) or both SVC and inferior vena cava (IVC; Fontan).
Although appropriate chest compression quality via AHA recommended depth or rate will maximize systemic blood flow, limitations to PBF
may require additional mechanical and/or ventilatory adjustments to address elevations in pulmonary vascular resistance, backflow of PBF into
the caval circulation, and the compromising impact of positive pressure ventilation on ventricular preload. As cerebral carbon dioxide (CO2)
levels play a greater role than oxygen (O2) in flow distribution in the cerebral-pulmonary arteriolar hierarchy, normoventilation or mild
hypoventilation decreasing cerebral vascular resistance, thereby increasing cerebral blood flow, and preserving cerebral oxygenation in patients
by with Glenn/Hemi-Fontan circulations.
Chest compliance also impacts PBF during chest compressions, as adequate chest recoil results in filling of both the SVC and IVC, providing
important preload to the single ventricle.
Although the incidence of in-hospital cardiac arrest is lower in the single-ventricle population palliated after the Glenn/Hemi-Fontan and
Fontan procedures, survival to hospital discharge rates are lower than survival to hospital discharge for overall surgical cohorts thus
demonstrating important variation in survival when stratifying by unique physiologic and/or illness categories. The use of ECMO during CPR has
been demonstrated to be effective in rescue of patients who fail to achieve return of spontaneous circulation (ROSC) after conventional
cardiopulmonary resuscitation (CPR).
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Appendix C-34
2020 Evidence Update Worksheet
Resuscitation following traumatic arrest (PLS 498: EvUp)
Worksheet author(s): Djakow
Council: ERC
Date Submitted:
PICO / Research Question: PLS 498 (ERC RR34)
Amonginfants andchildrenwith major(bluntorpenetrating) injury who areincardiac arrestinanysetting (P), does any specific alteration
in treatmentalgorithm (I), compared with standard care (according to 2010 treatmentalgorithm) (C), change outcome(O)?

Adjusted:
P: : infants and children who are in cardiac arrest after severe trauma
I: a specific therapeutic approach to ALS-CPR
C: 1/ type of interventions
2/sequenceofinterventions
O: all
Type: intervention
Study Designs:
STEP 0: identification of high-quality reviews (as evaluated by AMSTAR 2), guidelines (as evaluated by AGREE 2) or existing ILCOR COSTR (2010 or later) that
concern directly the population and intervention described above.
STEP1:Randomizedcontrolledtrials(RCTs)andnon-randomizedstudies (non-randomizedcontrolledtrials,interruptedtimeseries,controlled before-andafter studies, cohort studies) that concern directly the population and intervention described above are eligible for inclusion. Case series are included if
they include a minimum number of cases (as defined by the writing group). Unpublished studies (e.g., conference abstracts, trial protocols) are
excluded.
STEP 2: the same study designs and/or existing systematic or scoping reviews not directly concerning the population or intervention defined above but
considered informative as additional evidence – takingintoaccount severe indirectness- for the final evaluationofthewriting group’s conclusions
regarding the implications for practice and research.
Timeframe: For STEP 1, allyears and all languages are included, as long as thereisanEnglishabstract. Ifin Step 0areview, guidelineor COSTR of high quality is
withheld the further search only needs to be done for the period beyond the identified primary source. Equally, for STEP 2, in case ofahigh-quality review,
guideline or COSTR, search can belimitedtobeyonddates and/orscope ofthat
AdditionalEvidenceReviewer(s):DeLucas–VandeVoorde Conflicts of Interest
(financial/intellectual, specific to this question): _ Year of last full review: 2010
Last ILCOR Consensus on Science and Treatment Recommendation: PLS 41
Consensus on Science
Cardiac arrest (out-of-hospital and in-hospital) due to major (blunt or penetrating) injury (out-of-hospital and in-hospital) in children has a very high
mortality rate. 642– 645 In 1 LOE and 1 LOE study there wasno survival advantage to intubating child victims of traumatic cardiac arrest in theout-ofhospital setting. One LOEand 4 LOE studies suggested thatthereisminimal survival advantageassociatedwith resuscitative thoracotomywithorwithout
internal cardiac massageforblunttrauma–inducedcardiacarrestinchildren.TwoLOEstudiessuggestedthatsurvivalinchildrenwithcardiacarrest
frompenetrating trauma is improved by thoracotomy if time from event to hospital is short and signs of life are restored in the field.
Treatment Recommendations
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Thereis insufficient evidence tomake a recommendation formodification of standard resuscitation for infants andchildren suffering cardiac arrest dueto
major trauma, although consideration should be given to selectively performing a resuscitative thoracotomy in children with penetrating
injuries who arrive at the hospital with a perfusing rhythm

2010 Search Strategy: /
Link to Article Titles and Abstracts for 2010/2015 search (if available on PubMed):
CD001429.
642. Calkins CM, Bensard DD, Partrick DA, Karrer FM. A critical analysis
of outcome for children sustaining cardiac arrest after blunt
trauma. J Pediatr Surg. 2002;37:180 –184.
643. Crewdson K, Lockey D, Davies G. Outcome from paediatric cardiac arrest associated
with trauma. Resuscitation. 2007;75:29 –34.
644. Lopez-Herce Cid J, Dominguez Sampedro P, Rodriguez Nunez A, Garcia Sanz C, Carrillo
Alvarez A, Calvo Macias C, Bellon Cano JM. [cardiorespiratory arrest in children with trauma].
An Pediatr (Barc). 2006;65:439 –447.
645. Perron AD, Sing RF, Branas CC, Huynh T. Predicting survival in pediatric trauma
patientsreceivingcardiopulmonaryresuscitationintheprehospitalsetting. Prehosp Emerg
Care. 2001;5:6 –9.
646. Sheikh A, Brogan T. Outcome and cost of open- and closed-chest
cardiopulmonary resuscitation in pediatric cardiac arrests. Pediatrics.
1994;93:392–398.
647. BeaverBL,ColombaniPM,BuckJR,DudgeonDL,BohrerSL,HallerJA Jr. Efficacy of
emergency room thoracotomy in pediatric trauma.JPediatrSurg.1987;22:19–23.
648. Powell RW, Gill EA, Jurkovich GJ, Ramenofsky ML. Resuscitativethoracotomyin
children and adolescents. Am Surg. 1988;54:188 –191.
649. Rothenberg SS, Moore EE, Moore FA, Baxter BT, Moore JB, Cleveland HC. Emergency department
thoracotomy in children–a critical analysis. J Trauma. 1989;29:1322–1325.
650. SuominenP,RasanenJ, KiviojaA. Efficacyofcardiopulmonaryresus-citation in pulseless
paediatric trauma patients. Resuscitation. 1998; 36:9 –13.

2019 Search Strategy:
Database searched: Pubmed - Embase
Date Search Completed: 1 DEC 2019
Used terms

•
•

•

trauma, traumat*, thoracost*, thoracot*; either as individual term (ti,ab,kw) or related MESH Term; combined using Bolean operators
specific blocks defined for certain indicators:
o paediatric:todefinethe‘paediatricpopulation’weusedthepredefinedBMIblock(https://blocks.bmi-online.nl)
o cardiac arrest: CPR/cardiacarrest:“lifesupportcare” [MESH] OR“lifesupport”[TIAB] ORcardiopulmonary resuscitation [MESH]
OR “cardiopulmonary resuscitation” [TIAB] OR ROSC [TIAB] OR “return of spontaneous circulation” [TIAB] OR heart arrest
[MESH] OR “cardiac arrest” [TIAB]
o To exclude animal studies: NOT (animals [mh] NOT humans [mh])
o Toexclude NOT"Letter"[Publication Type] OR"Editorial"[Publication Type] OR“Comment"[Publication Type])
ForEmbaseweprefilteredtoavoidMedlineduplicatesbyusing[embase]/limNOT([embase]/limAND[medline]/lim)
o Cardiacarrest:(resuscitation:ti,ab,kwOR'resuscitation'OR'resuscitation'/expORresuscitationOR'heart'OR 'heart'/exp ORheart)
AND(arrest:ti,ab,kw OR'heart'OR'heart'/exp ORheart) AND ('arrest'OR 'arrest'/exp OR arrest)
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Search Results (Number of articles identified / numberidentified as relevant): 1349 / STEP 0: 13 (all
themes)
STEP 1: 18 (all themes)
STEP 2: 11 (all themes)
Key Themes:
Theme 1: Withholdingorterminating CPRforpatients withpaediatrictraumaticcardiac arrest (OHCA or EDCA/IHCA) +organ
donation.
Theme 2: Performing and timingofspecificperi-arrestprocedures(mainlyresuscitativethoracostomy and/or resuscitative
thoracothomy) for blunt or penetrating trauma in paediatric patients.

a) Resuscitative emergency department thoracotomy EDT
b) Bilateral finger thoracostomy or tube thoracostomy performed during pre-hospital care.
c) Tourniquet use for haemorrhage control
d) The sequence of steps in PTCA
Theme 3: Impact of Trauma System structure, Transportation System and ECLS on outcomes of PTCA.
Inclusion/Exclusion Criteria:
In: as defined by PICOST
Ex: Infantsor Childrennotin cardiac arrest; animalstudies; letters, editorialsorcomments; unpublished studies(e.g.,conference
abstracts,trialprotocols),noEnglishabstract;NewbornatDelivery
Link to Article Titles and Abstracts for 2019 search (if available on PubMed):

Summary of Evidence Update:
GUIDELINE OR SYST. REVIEW?
(Organisation); Author; Year Published
THEME 1+2+3:
1. Cameron A 2018 994
(AMSTAR2 moderate)

Topics addressed or PICO(S)T

# articles identified

Organdonationintrauma
27 articles, total of 123 142
participants (median 132)
patients. Articleswheredonor
conversionrates (DCR) waspossible
tocalculatewere
included.
Key findings :A pooled DCR of 48.1% using the random effects model. High level of heterogeneity between studies. DCRs
werehigherin headtrauma patientscompared with traumatic cardiac arrest (45.3% vs 20.9%, p< 0.001), in paediatric
patientscomparedwithadults(61.0% vs 38.0%, p= 0.018), andinstudiespublished after 2007 comparedwiththose
published before (50.8% vs 43.9%, p < 0.001).
2. Zwingmann J 2012 R117
In-hospital mortality and neurological 47studies(34studies/5391
(AMSTAR2 high)
outcome of survivors after prehospital patients withapotentiallymixed
population and 13 paediatric
resuscitation following trauma.
Downloaded
from
www.aappublications.org/news
by
guest
on November
18, 2020(age≤ 18
children
Data analyzed for adults/paediatric studies/1243
patients
years)

and for blunt/penetrating trauma

Key findings: Overall mortality was 92.8% (mixed population: 238 survivors, lethality 96.7%; paediatric group: 237
survivors, lethality 86.4% = p < 0.001). Children have a higher chance of survival after resuscitation of an out-ofhospitaltraumatic cardiac arrest compared to adults but tend to have apoorerneurologicaloutcome at discharge.
Survival after blunt trauma is significantly higher in the pediatric group.
Long-term survival is good and moderate neurological recovery is reported in 57.4% of all survivors in a mixed
adult/child population and in 51.1% of a paediatric population.
StartingCPRintraumapatientsmaybeworthwhileandtraumamanagementprogramsshouldbediscussedcritically.
With regard to the fact that in this field scientific evidence is very low, further high quality and multi-center studies
shouldbe demanded.
Pediatric out-of-hospital cardiac
3. Donoghue AJ 2005 512
41 articles
5363 pediatric patients including
(AMSTAR2 low)
arrest epidemiology
2299 trauma patients
Keyfindings:12.1%survivedtohospitaldischarge,and4%survivedneurologicallyintact.Traumapatientshadgreater
overall survival (21.9%, 6.8% intact); aseparateexamination ofstudieswith more rigorouscardiacarrestdefinitionshowed
poorer survival (1.1% overall, 0.3% neurologically intact).
4. Bennett M 2007 267
Narrativereviewontraumaticarrest 7 studies
(AMSTAR2 low to very low)
in
both adults and children
Keyfindings: Patients withasystolic arrest atthe scenehaveverypoorsurvival, andthosewhodosurvivesustainsevere
neurologicalinjury.TheCPRmostpre-hospitalandemergencypersonnelwouldnotbecomfortabledeclaringchildrendeadat
thescenewithoutanattemptatCPR.AuthorssuggeststhepossibilityofstartingfullCPReveninthepatientswithapoor
outcome prognosis for procuring organs for transplantation.
5. Guidelines of American College of
Termination of resuscitation in
27 articles
1114 patients
Surgeons Committee on Trauma;
paediatric traumatic cardiac arrest
American College of Emergency
Physicians Pediatric Emergency
Medicine Committee; National
Association of Ems Physicians;
American Academy of Pediatrics
Committee on Pediatric Emergency
Medicine on withholding or
terminationofresuscitationinpTCPA.
2014 e1104
Keymessage: Survivingtohospitaldischargewas 5.4% (60/1114). Goodoutcome, full recovery ormoderatedisabilityin
22/51 (43.1%), pooroutcomewithseveredisabilityorvegetativestatein 29/51 (56.9%). Resuscitation shouldbe
initiated andcontinueduntilarrivaltotheappropriatefacility.Ifthepatienthasarrested,resuscitationhasalready
exceeded30 minutes, and thenearest facility is more than 30 minutes away, involvement of parents and family of
these children in the decision-makingprocess with assistanceandguidancefrommedicalprofessionalsshould be
consideredaspartofan emphasisonfamily-centeredcarebecausetheevidencesuggeststhateitherdeathorapoor
outcomeisinevitable.
AGREE II: High quality guidelines. All domains scored above 70%.
6. ANZCOR Guideline 11.10.1 Traumatic cardiac arrest
management
Management of Cardiac Arrest due to
Trauma 2016:11.
– ANZCOR guideline update 2016

Downloaded from www.aappublications.org/news by guest on November 18, 2020

For adults and children:
Unless there are injuries obviously incompatible with life, attempted resuscitation ofpatients with cardiac arrest due
to trauma is not futile and should be attempted.
• The first priority in peri-arrest trauma patients is to stop any obvious bleeding.
• Dependingonthelikelyaetiologyofthecardiacarrest,restorationofthecirculatingbloodvolumemayhavea
higher priority than airway and breathing. If hypovolaemia is likely, an initial fluid bolus of 20mL/kg should be given as
rapidly as possible.
• All patients in cardiac arrest with suspected chest trauma who are not responding to airwayopening and
restoration of circulating blood volume should have their chest decompressed.
• Surgical drainage of traumatic cardiac tamponade (with repair of cardiac laceration if required) is preferable to
needle pericardiocentesis.
• Cardiac arrest due to penetrating trauma is more likely to respond to emergency thoracotomy than is true in blunt
trauma. A favourable outcome is rarely possible (even in penetrating trauma) if thoracotomy is initiated more than 10
minutes after the onset of cardiac arrest.
• Cardiacarrestduetoisolatedheadinjury,crushsyndromeandcommotiocordisarespecialcircumstances
necessitating specific therapies.
• Incardiacarrestduetotrauma,haemorrhagecontrol,restorationofcirculatingbloodvolume,openingtheairway
and relievingtensionpneumothoraxshouldhavepriorityoverconventionalcardiopulmonaryresuscitation(CPR) (i.e.
external chestcompressions, defibrillationandadrenaline)unlessamedicalcauseforcardiacarrestisreasonably
suspectedtohave precededthetraumaticevent. However, if therearesufficient resources availableandthisdoesnot
interferewithnecessary procedures, conventional CPR should occur simultaneously.
• Prolonged (>10 minutes) CPRintraumaticcardiacarrestafterreversiblecauseshavebeenaddressedisalmostnever
associated with a good outcome.
7. American College of Surgeons,
ATLS trauma management guidelines
?
Committee on Trauma. Advanced
update 2018
trauma life support: student course
manual. Chicago, IL: American College
of Surgeons; 2018
Keymessage: Childrenwhoundergo CPRinthefieldwith ROSCbeforearrivinginthetraumacenterhaveapproximatelya
50% chanceofneurologicallyintactsurvival. Children whopresenttoan EDstill in traumatic cardiopulmonaryarresthave
a uniformlydismalprognosis. Childrenwhoreceive CPR for morethan 15 minutesbeforearrivaltoan EDorhavefixed
pupils onarrivaluniformlyarenon-survivors.Forpediatrictraumapatientswhoarriveinthetraumabaywith
continuedCPRof
long duration, prolonged resuscitative efforts are not beneficial.
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8. Moskowitz EE 2018
(AMSTAR2 low)

8 publications with 2336 pediatric
Narrativereviewonpaediatric
patients, total of 269 EDT
patients
who underwent ED thoracotomy
Key findings: Mortality rates are comparable between adults and paediatric patients for penetrating thoracic trauma. In
contrast, in paediatricpatientssustaining blunt trauma, nopatientundertheageof 15 hassurvived.
Conclusion:Inpatientsbetween0and14yearsofagepresentingwithnosignsoflifefollowingblunttrauma,
withholding
EDTshouldbeconsidered. Patientsbetweentheagesof15 and 18shouldbetreatedinaccordancewithadult ATLS
principles for the managementofthoracic trauma (LEVEL IV evidence).
9. Cunningham A 2018 665
Theuseoftourniquetsforhemorrhage 18 studies
(Pediatric Trauma Society)
control in children
Keymessages: Despite limiteddataoflimitedquality regardingtheiruse, the PTSsupportstheusageoftourniquetsinthe
prehospitalsettingandduringtheresuscitationofchildrensufferingfromexsanguinatinghaemorrhagefromsevere
extremity trauma. Expedited, definitive care must be sought, and tourniquet pressureand time should be limited to the
least amountpossible. (level IIIa) The Societysupportsthe ACS"StoptheBleed"campaignandencouragesfurther
investigationof tourniquet use inchildren.
AGREE II: Although the Stakeholder Involvement and Applicability domains did not reach the 70%, the Rigour of
Developmentoftheguidelinesmakesitsuitableforuseandthewritinggroupwillconsidertheseguidelinesassufficient.
10. Allen CJ 2015 177
reviewed their experience and
252 paediatric patients
performedasystematicreviewof
(AMSTAR2 low to very low)
reportsof EDTinpediatric
patients.
Keyfindings: 84% malepatients, 51% sustainedpenetratinginjuries, andmedianagewas 15years. Uponarrival, 17% had
vitalsigns,and 35%hadsignsoflife. AfterEDT, 30%experienced ROSC. Thesurvivalratewas1.6% forblunttrauma, 10.2%
forpenetratinginjuries,and6.0%overall.Childrenwhosustain bluntinjuryandarewithoutSOLhavebeenuniformly
unsalvageable. Children who sustain penetrating traumaand have SOLorarewithout SOL for a short time prior to arrival
have been salvageable. There are no reported EDT survivors less than 14 years of age following blunt injury.
11. Tan BKK 2013 241
20 articles
Toassesswhichgroupofpatients
(AMSTAR2 low)
with bluntorpenetratingchest
traumawill benefit from emergency
thoracotomy (ET) andhaveagood
functional
outcome
Keyfindings: Survivalofthepatientswhounderwent ETseemedtobehigherinthe PCI group; range 2.7% to 37.5%, mean
17.0% comparedto BCIgroup; range 0.6% to 60%, meanof 4.6%. Mean Survivalratewashigher(70.9%) for stabwounds
comparedtogunshotwounds(29.2%). Themeanpercentage ofneurologicallyintactsurvivorsamong PCIsurvivors 86%
(164) were higher compared to the BCI group 12% (8).
12. Puzio T 2019 e000362
OutcomeofECMOuseaftertraumain 4 studies 58 patients
(AMSTAR2 low)
patients ≤18 years of age
Keyfindings:29% ofpatientswerecannulatedatadultcenters, theremainingatpaediatriccenters. Ninety-onepercent
cannulatedfor ARDSandtheremainingforcardiovascularcollapse. Overall 60% ofpatientssurvivedandthesurvivalrate
rangedfrom 50% to 100%. 77% underwent VA cannulation and theremainingunderwent VV cannulation.
ECMO may be a therapeutic option in critically ill paediatric trauma patients. Consideration should be made for
the
expansion of ECMO utilization in paediatric trauma patients including its application for paediatric patients at adult
trauma centers with ECMOcapabilities.
13. Moore L 2018 1327
The impact of trauma system
41 studies in narrative reviewand
(Injury Care Improvement Initiative) components on clinically
19 in meta-analysis
(AMSTAR2 moderate to high)
important injury outcomes
Key findings:(indirect evidence - gathering data for all trauma, not only TCA)
Tworecommendedtraumasystemcomponentswereassociatedwith reducedoddsof mortality:inclusivedesign(OR
0.72 [0.65-0.80]) andhelicopter transport (OR 0.70 [0.55-0.88]). Trauma system maturationwas associated with
significant
reduction in mortality.
Study type/design; Study size (N)
Non-RCT OR OBSERVATIONAL
Patient Population
(acronym);Author;YearPublished
(inclusioncriteria)
THEME 1:
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1. Shibahashi K 2019 ahead of print

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

2. Alqudah Z 2019 127

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

3. McLaughlin C 2018 344

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments
4. Lence EM 2014 S92
Results primary endpoints
(P value; OR or RR; & 95% CI)

Retrospective analysis of prospectively patientsfromtrafficaccidentwith
CPR
collected data in national
database
(2012-2016); 582 paediatric
8 (1.4%) and 20 (3.4%) had 1-monthfavorableneurologicoutcomeand
survival, respectively.AllpatientswithfavorableneurologicoutcomeshadOH
ROSC,and thedurationofCPRwassignificantlyshorterthanforthosewith
unfavorable neurologic outcomes(4 versus 23 minutes; absolute difference 21.9 minutes; 95% confidenceinterval-36.3 to-7.4 minutes). Thedurationof
OHCPRbeyond whichthepossibility of favorableneurologic outcomesand
survival diminished
to less than 1% was 15 minutes.
Forpredictingunfavorableneurologic outcomes, the terminationof
resuscitation criteria provided a specificity of 1.00 (95% confidence interval 0.52
to 1.00) anda
positive predictive value of 1.00 (95% confidence interval 0.99 to 1.00).
traumaticOHCAinpatientsaged≤16
retrospectively analysed data from
yearsarrestingbetweenJanuary
the Victorian Ambulance Cardiac
2000 to December 2017
Arrest
Registry; 292 patients
166 (56.9%) receivedanattemptedresuscitation. TheoverallincidenceofEMSattendedcaseswas1.4casesper100,000person-years,withnosignificant
changesovertime. Unadjustedoutcomesalsoremainedunchanged, with
23.5% achievingROSCand3.7%survivingtohospitaldischarge.The
frequencyof trauma-specific interventions increased between 2000-2005
and 2012-2017, includingneedlethoracostomyfrom 10.5% to 51.0% (p trend
<0.001), crystalloid administration from 31.6% to 54.9% (p trend = 0.004) and
blood administration from0.0%to6.3%(ptrend=0.01).Themediantime
fromemergencycalltothe deliveryofinterventionswere: 12.9 min (IQR: 8.5,
20.0) for CPR, 19.7 min(IQR: 10.7,39.6) forexternalhaemorrhage control,
29.8min(IQR:22.0,35.4)for crystalloid administrationand 31.5 min(IQR:
21.0, 38.0) for needle
thoracostomy.
Theincidenceandoutcomesofpaediatrictraumatic OHCAremainedunchanged
overan18-yearperiod. Earlycorrectionofreversiblecausesbyreducingdelays
to the delivery of trauma-specific interventions mayyieldadditional
survivors.
Retrospective cohort study; N=5463
patients with mortality from
children
the National Trauma Data Bank
(20072014)
Children (N=5463 deaths) hadearlier temporal distribution ofdeathcompared
to adults (n=104,225 deaths), with 51% of children dead on arrival or in
ED compared to 44% of adults (p<0.001). For patients surviving ED
resuscitation, childrenandadolescentshadashortermediantimetodeath
thanadults(1.2d and0.8daysversus1.6days,p<0.001).Olderage,
penetratingmechanism, bradycardia, hypotension, tubethoracostomy, and
thoracotomywereassociated
with early mortality in children.
This studysuggeststhatinjurypreventioneffortsand strategies forimproving
early resuscitation have potential to improve mortality after paediatric injury.
Cross-sectional retrospective study,
Paediatric patients with TCA
resuscitated by EMS (out-of-hospital)
N=27
in 2002-2010
Arrival timeaverage 6.89 min. Initial ROSC 50%, survivaltohospital 48.1%,
survivaltodischarge 22.2%, goodneurologicoutcome 14.8%. Survivalwas
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significantly higher in patients with submersion injury and with patients with
CPR less than 20 minutes.

Summary/Conclusion - Comments
5. Zwingmann J 2015 59
Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

6. Capizzani AR 2010 903
Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

7. Brindis SL 2011 616

Results primary endpoints
(P value; OR or RR; & 95% CI)
Summary/Conclusion - Comments

8. Matos RI 2013 442

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

THEME 2:

The quality of EMS and adequate resources will likely improve survival.
Restrospective analysis of prospective Patients from the of the
collecteddata; N= 152 children
TraumaRegister DGU from 1993-2013
and 1690
with traumatic CA
Agoodormoderateoutcome(GOS5+4)wasfoundin19.4%ofthechildren's
groupcomparedto 12.4%oftheadults(p=0.02). Takingonlysurvivorsinto
account, 84.8% ofthechildrenand 62% oftheadultshada GOS 4+5. Thehighest
risk formortality in the logistic regression model was associated with
preclinical intubation, followedby GCS 3, bloodtransfusionandseverehead
injury with AIS
≥3 and ISS. Resuscitation in the ER is associated with better neurological
outcomescompared with resuscitation in a preclinical context or in both the
preclinical phase and the ER.
Our children's outcomes seem to be better than those in most of the
earlier
studies, andthedata presentedmightsupportalgorithmsin the future
especially for paediatric resuscitation.
Paediatric patients with traumatic
Retrospective study; N=30
arrest
CPR greater than 15 minutes (P = .011) and fixed pupils (P = .022) were
significantvariablestodistinguishbetweensurvivorsandnonsurvivors,
whereas ECGrhythm(P=.34)andabsentpulse(P=.056)didnot,42+/-28
minutesfor
nonsurvivors and 7 +/- 3 minutes for survivors.
Criteria for termination of resuscitation correctly predicted 100% of those
who died when all the criteria were met. More importantly, no survivors
would have hadresuscitation stopped. Duration of CPRseemstobeastrong
predictor of mortality in this study.
Retrospective analysis of previously
Patientsyoungerthan 13 years
prospectively collected data from
and foundpulselessandapneic
the study of prehospital pediatric
after having had an injury
airway management in Los
Angeles and Orange Counties,
Calif, over a 33month period; N=118
Ofthesevictims, only 6 (5%) survived. Thesurvivorsallwereneurologically
impaired with a median PCPCof 5.
Children who had trauma resulting in cardiac arrest have universally poor
outcomes,andsurvivorshavesevereneurologicalcompromise. Weareunable
to identifyasubsetofpatientsforwhomaggressiveresuscitationis
indicated.
Secondary analysis of prospective
Paediatric patients in the GWTG-R
GWTG-R multicenter register of IHCAs; Registry of IHCA
N=3419 children (of which 391
with
trauma)
Traumaticpatientsweretheonlygrouptohavedecreasedoddsoffavorable
neurologicaloutcomecomparedwiththegeneralmedicalgroup(OR, 0.2; 95% CI,0.1–
0.4;P<0.001).Traumapatientshadthepoorestoutcomesafterany amountof
CPR; at 15 minutes, the probability of favorable neurological outcome
was 4.3% (2.4% at 35 minutes).
Furtherstudiesare indicatedtodeterminewhetherpro-longed
resuscitative efforts are warranted in particular groupsof patients such
as posttraumatic
arrests
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1. Flynn-O'Brien KT 2016 163
Results primary endpoints
(P value; OR or RR; & 95% CI)

Retrospective design, review of the children <18 years of age who
National Trauma Data Bank
underwent EDT for blunt trauma
2007- 2012; N= 84 children
Themedianagewas15(IQR6-17)years. Mean(ISS)was34.2(SD20.8). Datafor
"signsoflife"wereavailablefor21children.Fifteen(71%)hadsignsoflife
upon EDarrival.Ofthosewhosurvivedtotheoperatingroom(OR),66%died
inthe OR.Fourchildren(5%)survivedmorethan24hoursintheintensivecare
unit, threeofwhomhadamaximumheadabbreviatedinjuryscoreof5.
Therewere
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no survivors after EDT for blunt trauma in the pediatric population in this
national dataset.
Summary/Conclusion - Comments
UsualindicatorsforEDTafterblunttraumainadultsmaynotapplyin
children,
anduseshouldbediscouragedwithoutcompellingevidenceofareversible
cause of extremis.
2. Quinn N 2019 ahead of print
Retrospective review, 14 children
Children undergoing thoracostomy
either pre-hospital or in ED
aged
1.2 - 15 years
Results primary endpoints
Thoracostomyisaneffectiveandreliablemethodtoachieveemergency pleural
decompressionincluding intheyoungchild. All childrenwereseverely injured
(P value; OR or RR; & 95% CI)
withmultiple-associatedseriousinjuriesandmedianInjury Severity Score
35.5
(17-75), three (out of 14) of whom died from their injuries.
Thoracostomyinourcohorthadalowcomplicationrate.Recommendedby
Summary/Conclusion - Comments
authorsisthoracostomyoverneedlethoracocentesisasthe first lineintervention
in children with TCA, tPNO, and massive haemothorax.
3. Schauer SG 2018 911
Retrospective cohort study;
Children in traumatic arrest
undergoingresuscitative
13 underwent a
thoracotomy inpre-hospitalorED
resuscitative
settingversus cardiopulmonary
thoracotomy + 66 underwent CPR
(CPR)resuscitation only(Department
without thoracotomy with
of Defense Trauma Registrysubject matching mechanisms of injury
duringoperationsin Iraq or
Afghanistan). Excluded CPR
subjects with mechanisms of
injury notmatchedinthe
thoracotomy
cohort.
Results primary endpoints
Keyfindings: Whencomparingthetwocohortsthoseinthethoracotomygroup
hadhighermedianthoraxbodyregionscores(median 3 versus 0, p=.001), buta
(P value; OR or RR; & 95% CI)
trendtowardshigherratesofsurvivaltodischarge(31%versus9%,p=.108).
The youngest survivor in the thoracotomy cohort was less than 1 year old.
Summary/Conclusion - Comments
4. Moore HBJ 2016 315
Single-centerretrospectivestudy;N= Patientslessthan18ywhounderwent
179
EDT
Results primary endpoints
Pediatric patientsweremorelikelyto sustainblunt injury thanadolescents
(P value; OR or RR; & 95% CI)
(72% vs32%,p<0.001).Thisalsocorrespondedtodifferencesinanatomic
injury patternsandmoremultisystemtrauma(52% vs44%, p=0.001).
Adolescentshad
significantlyhighersurvivalratesthanpediatricpatients(5%vs0%,p=0.036).
Summary/Conclusion - Comments
5. Duron V 2014 422
Retrospectiveanalysisofthe
Paediatric patients after blunt trauma
National Trauma Data Bank
with no signs of life[SoL] in the field
research dataset (2002-2010).
3,115,597 pediatric patients who
werefoundinthe field after
experiencing blunt trauma, 7766
with no signs of life
Results primary endpoints
7,766(0.25%)hadno SoL.Survivaltohospitaldischargeofallpatients
(P value; OR or RR; & 95% CI)
presentingwithno SoLwas 4.4%. 25% ofthepatientsinthefield withno SOL
weresuccessfullyresuscitatedinthefieldandregained SOLbythetimethey
arrivedtothe ED(n= 1,913). Ofthosepatientswhoregained SOL, 13.8% (n =
265) survived to hospital discharge. Forpatientsinthe field withno SOL, survival
to discharge
was significantly higherby
in guest
patients
whodidnot
receive a
Downloaded
from www.aappublications.org/news
on November
18, 2020
resuscitative thoracotomy than in those who did.

Summary/Conclusion - Comments

THEME 3:
1. Vassalo J 2019 437

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments
2. Vassallo J 2017 892
(AGREE II 104/161)

Results primary endpoints
(P value; OR or RR; & 95% CI)

SurvivalofpediatricblunttraumapatientsinthefieldwithoutSOLisdismal.
Resuscitativethoracotomyposes aheightened risk ofblood-bornepathogen
exposuretoinvolvedhealthcareworkersandisassociatedwithasignificantly lower
survival rate. (LEVEL IV evidence)
Population-basedanalysisoftheUK
TraumaAuditandResearch
Network database; N= 129 patients
with TCA

Allpaediatricandadolescent
patients with TCA recorded on the
TARN databasefora 10-yearperiod
(20062015).
103 (79.8%), hadaprehospital TCA. withamedianageof 11.7 (3.4-16.6) years,
andamedian ISSof 34 (25-45). 110 (85.3%) hadbluntinjuries, withroad-traffic
collisionthemostcommonmechanism(n=73, 56.6%). 123 (95.3%)hadsevere
haemorrhageand/ortraumaticbraininjury. Overall 30-daysurvival was 5.4%
((95% CI 2.6 to 10.8), n=7). 'Pre-hospital only' TCA was associated with
significantly higher survival (n=6) than those with TCAin both 'pre-hospital
and in-hospital' (n=1)-13.0% (95% CI 6.1% to 25.7%) and 1.2% (95% CI 0.1% to
6.4%),
respectively, p<0.05. Thegreatestsurvival(n=6, 10.3%(95% CI 4.8% to 20.8%))
wasobservedinthosetransportedto apaediatric majortraumacentre(MTC)
(definedaseitherapaediatric-only MTCorcombinedadult-paediatric MTC).
Earlyidentificationandaggressivemanagementofpaediatric TCAisadvocated.
A modified consensus development
19 statements evaluated in
meetingof UKexpertsinvolvedin
accordancewiththeDelphi
the managementofpediatric TCA;
study
41
participants
Of19statementsdiscussed,13reachedpositiveconsensusandwereincludedin
the treatment algorithm. 1 statement about initial rescue breath
reached negativeconsensusandwasexcluded.Consensuswasnotreached
for5 statementsincludingtheuseofvasopressorsandthoracotomyfor
haemorrhage control in blunt trauma
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Summary/Conclusion - Comments

3. Michelson KA 2018

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

InattempttostandardizetheapproachtoPTCAandtoimproveoutcomesa
consensus-basedalgorithmspecifictopaediatricpopulationwasdeveloped
for adoptioninthe UK thatmaybeapplicabletosimilarhealth care
systems.

AGREEII:ScoringthedomainRigourofDevelopmentfortheseguidelinesdidnot
reached 70%, systematicmethodswerenotused for formulatingthe
guidelines andtheexplicit link betweentherecommendationsandthe
supportingevidence isnotclearly stated. However, theevidenceavailableon
this topicis scarceand mostlynotofhighcertainty.Theseguidelinesare
expert-opinion-basedonly, different professional groups were invited to
participate. The Editorial Independence and Scope and Purpose domains
scored above 70 %. The Applicability Domain did not reach 70%.
However, considering theavailableevidenceandoveralldismalprognosisof
target population, the writing group would recommend using this guideline
for
PTCA after minor changes.
Retrospective analysis of prospectively 2009-2014 Nationwide Emergency
collecteddata. N=46880 analyzed ED Department Sample to study
visits from drawn from 22 of 54
children under 18 with CA.
pediatric EDs(40.7%) andfrom 1595 of Stratified by nontraumatic versus
4971 (32.1%) general EDs
traumatic cause.
Theincidencesofnontraumaticandtraumatic OHCAwere 7.91(95%confidence
interval[CI]: 7.52-8.30) and 2.67(95% CI: 2.49-2.85) per 100000personyears. In
nontraumatic OHCA, unadjusted survival was higher in pediatric EDs
than generalEDs(33.8%vs18.9%,P<.001).Theadjustedoddsratioof
survivalin pediatric versusgeneral EDswas 2.2 (95% CI: 1.7-2.8). Childrenwith
traumatic OHCAhadsimilarsurvivalinpediatricandgeneral EDs(31.7% vs
26.1%, P=.14;
adjusted odds ratio = 1.3 [95% CI: 0.8-2.1]).
Inanationallyrepresentativesample,survivalfromnontraumaticOHCAwas
higherin pediatric EDsthangeneral EDs. Survival didnotdifferin traumatic
OHCA.
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4. Wieck MM 2018 659

Retrospective design comparative
analysis (observed mortality vs.
expectedmortality). N= 82 (2.8% of
all traumatic patients)

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

5. Noje C 2019 e30

Results primary endpoints
(P value; OR or RR; & 95% CI)

Summary/Conclusion - Comments

STEP 2 background

AllDORpediatricpatientsfrom2009
to 2016 atapediatric Level I trauma
center were identified. Direct to
OR criteria included penetrating
injury, chestinjuries, amputations,
significant blood loss,
cardiopulmonary
resuscitation, and surgeon discretion.
Themostcommonindicationsfor DORwerepenetratinginjuries(62%) and
chest injuries(32%). Forty-fourpercenthadInjurySeverity Score(ISS)greater
than15, 33% had Glasgow Coma Scale (GCS) score of 8 or less, and 9% were
hypotensive. Themostcommonlyinjuredbodyregionswereexternal(66%),
head(34%),chest (30%),andabdomen(27%).Sixty-seven(82%)patients
requiredemergent procedural intervention, most commonly wound
exploration/repair (35%), centralvenousaccess(22%), tubethoracostomy
(19%), andlaparotomy(18%). PredictorsofinterventionwereISSgreater
than15(oddsratio,14;p=0.013) and GCS< 9 (odds ratio = 8.5, p= 0.044). The
survival ratetodischargefor DOR patientswas84%comparedwithan
expectedsurvivalof79%(TraumaInjury Severity Score) (p = 0.4). The
greatest improvement relative to expected mortality was seen in the
subgroup with penetrating trauma (84.5% vs 74.4%; p
= 0.002).
Aselectivepolicyof resuscitating the most severelyinjured childrenin the OR
can decrease mortality. Patients suffering penetrating trauma with the
highest ISS,anddiminishedGCSscoreshavethegreatestbenefit.Trauma
centerswith
appropriate resources should evaluate implementing similar policies.
Self-administered electronic survey on
Pediatric transport teams listed
transportofchildrenincardiacarrest with the American Academy of
Pediatrics Section on Transport
undergoing CPR. N=60 (outof 88
teams) answered the survey
Medicine
Themostcommonreasonsfortransferofchildrenincardiacarrestare
higher level-of-care (70%), extracorporeal life support (60%), and advanced
trauma resuscitation(35%). Eligibilityusuallydecidedoncase-by-casebasis. 19
teams transportswithongoing CPRofwhich 42% haveguidelinesorprotocols,
37% are
train staff on resuscitation during transport
AminorityofU.S.teamsperforminterhospitaltransportofchildrenincardiac
arrest undergoing cardiopulmonary resuscitation. Eligibility criteria, transport
logistics, andpatientoutcomesareheterogeneous. Importantly, thereisa
paucity of established safety protocols for the staff performing
cardiopulmonary
resuscitation in transport.
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Takingintoaccounttheindirectnessoftheevidencewealsoretainedinstep2articles withevidenceinadult
population.
Emergency thoracotomy:
Nevins EJ 2019 231 is the most recent systematic review (37 articles, 3251 patients) on emergency department
thoracotomy(moderatetohigh quality (AMSTAR2)). There were 277 (8.5%) survivors. ORdemonstrateimprovedsurvival
for: penetratingvsblunttrauma (OR 2.10; p 0.0028); stab vsgun-shot(OR 5.45; p < 0.0001); signsoflife (SOL) onadmission
vsnoSOL(OR5.36;p < 0.0001);andSOLinthefieldvsnoSOL(OR19.39;p < 0.0001).Equivalenceofsurvivalwas
demonstratedbetweencardiothoracicvsnon-cardiothoracicinjury(OR 1.038; p 1.000). Survival was worsefor USAvsnonUSAcohorts(OR1.59;p0.0012).TheyconcludedthatpenetratinginjuryremainsarobustindicationforEDT.Noncardiothoraciccause ofcardiac arrestshould notpreclude EDT. Intheabsenceofonscene SOL, survival following EDTis
extremelyunlikely.Survivalissignificantlyhigherinthenon-USApublications;reasonsforthisarehighlycomplex.
Another systematic review (Seamon MJ 2015 159) that included 72 studies on 10238 adults strongly recommended that
patients who present pulseless with signs of life after penetrating thoracic injury undergo EDT. The biggest benefit of EDT
wasseenforpenetratingthoracicinjuriespresentingwithsignsoflife.ThereviewconditionallyrecommendedEDTfor
patients who present pulseless and have absent signs of life after penetrating thoracic injury, present or absent signs of
life after penetrating extrathoracic injury, or present signs of life after blunt injury. Lastly, the authors conditionally
recommend against EDT for pulseless patients without signs of life after blunt injury. (LEVEL III evidence).
Slessoretal(SlessorD2015297)looked atthesurvivalandneurologicallyintactsurvivorofadultpatientswithblunt
trauma(27articles).Of1,369patientswhounderwentanEDthoracotomy,21(1.5%)survivedwithagoodneurologic
outcome. All 21 patients had vital signs present on scene or in the ED and a maximum duration of CPR of 11 to 15 minutes.
GoodoutcomeshavebeenachievedforpatientswhohadvitalsignsonadmissionandforpatientswhoreceivedanED
thoracotomy within 15 minutes of cardiac arrest. (LEVEL IV evidence)
Emergency thoracotomy is performed relatively often in the military setting for mass casualty indicets. Children can form
up
to 45.5% of the civilian casualties of war injuries(Campbell K 2019). Special training and resources were used in this setting
andthemostcommonmechanismsofinjurieswereblastandgunshotinjuries.Itisdifficultto
extrapolatedatafromthis settingtothe Europeanpaediatricpopulationofpatients with severe
injuries andtraumatic cardiac arrest.
Moore EE (WTA study group; Moore 2011 334) studied in amulticenter prospective study the injury
patterns and physiologic profiles at ED arrival that werecompatible withsurvival ofpatients (15-64y) after
resuscitative EDT. Survival was predominant in those with thoracic injuries (77%), followed by abdomen (9%),
extremity (7%), neck (4%), and head (4%).
Themostcommoninjury was aventricularstabwound (30%), followedby agunshotwoundtothe
lung(16%);9%of survivorssustainedblunttrauma, 34% underwentprehospitalcardiopulmonary
resuscitation(CPR). Relevanttofutilecare, there were survivorsofblunttorsoinjuries with aneed for
CPR upto 9 minutes andpenetratingtorsowoundsupto 15 minutes. Asystolewas documented at ED
arrival in sevenpatients (12%); all thesepatients had pericardial tamponade and three (43%) had good
functional neurologic recovery at hospital discharge.
Finally, Capoteet al (Capote 2013982) assessed inaretrospectivestudytheappropriatenessofperforming
EDTbased on the guidelines recommendations in patients admitted to Level II trauma center and
compared surgeons and emergency physicians. Themortalityin EDT patients was 81% inpenetratingvs.
93% in blunttrauma. 55 EDTs performed with 18.2% survivors and 32 notindicated with 9.4% survivors.
Surgeons adhered to guidelines morecompared with EDphysicians. Patients of ED physicians were
more likely to die.
Emergency thoracostomy:
Dickson RL 2018 366 showed thatperforming bilateral thoracostomyis relatively simpleprocedurethat
can be easily safely and effectively performed by ground-based EMS personnel in traumatic cardiac
arrest. A tension pneumothorax and/or haemothoraxwaspresentinathirdofthepatientsinthis
cohortconfirmingpreviouslyfoundhighpercentagesofthese reversiblecauses ofcardiac arrest. ROSC
was achievedin 25% ofthepatients. Survival withoutneurologicaldisabilitywas 7%. All the survivors
were patients with blunt trauma presenting with initial PEA rhythm.
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Similar results were also found in another retrospective cohort study (High K 2016 227) where finger
thoracostomy or tube thoracostomywas performed by HEMSpersonnel. 98.4% ofpatientshadtraumatic
injuries. CPR was requiredin 65.2% of patients undergoing FT/TT. 30% of patients exhibited clinical
improvement such as increasing systolic blood pressure, oxygensaturation,improvedlung
compliance,orareleaseofbloodorairundertension.Complicationssuchastube dislodgementor
empyemahappenedin3.4%ofthecohort.TheauthorssuggestthatflightcrewscanuseFT/TTintheir
practice on patients with actual or potential pneumothoraces with limited complications.
Further, WeichentalLA2018237comparedinabeforeandafterobservationalstudydifferent
methodsofperforming needle thoracocentesis showing no differences in mortality or outcomes in
traumatic patients requiring NT based on clinical signs.Inthebeforepartofthestudytheneedle
thoracocentesiswasperformedinmidclavicularline,intheafterpartofthe study the NT was
performed with a longer needle in the midaxillary line.
Chest compressions in traumatic CA:
One RCTanimalstudyby Watts S 201937 comparedeffectofclosedchestcompressionsfollowing
haemorrhage-induced TCA. Therewere five groups: chestcompressionsonly, IVwholeblood, IVsaline, IV
wholeblood+ chestcompressionsand IV saline + chest compressions. Mortality was defined as MAP
below 10 mmHg. The group with chestcompressions only had significantly higher mortality than groups
2 and 3. Resuscitation with whole blood was better than saline. The addition of chest compressions to
fluid resuscitation resulted in a significantly worse outcome with saline resuscitation but not with blood.
Theauthorsconcludethatchestcompressionswereassociatedwithincreasedmortalityand
compromised haemodynamics compared to fluid resuscitation. Whole blood resuscitation was
better than saline.
Trauma Care Systems:
Hakakian D 2019 95 investigated differences between the modes of transport and outcome in
retrospective analysis in level Itraumacenter.TheHEMSpatientshadsignificantlyhigherISS,however
themortalityandLoSwerenotstatistically differentcomparedtoGEMSsuggestingtheproperuseof
HEMS.OlderageandhigherISShadthelargestimpacton mortality. The helicopter use in the pediatric
population was over-utilized, possibly due to the scarcity of hospitals capable ofmanagingpediatric
traumas.TheimplementationoftheAirMedicalPrehospitalTriagescoringsystemmayalsohelp
correct for these unnecessary HEMS transports.

Reviewer Comments (including whether meet criteria for formal review):
Thereissomeinconsistencyindefining PTCA. Somestudiesstillrelyonpulsepalpation(knowingthepulsepalpationhas significanterror),
others rely on signs of live and monitoring. Several subgroups of PTCA can be distinguished: [patients with/withoutsigns of life on scene,
with/without pulse on scene, with/without vital signs on monitor on scene and then the same groups on ED arrival]. These groups
together with mechanism of injury (blunt vs. penetrating) can probably discriminate most of the possible scenarios.
Strategies for improving early resuscitation potentially can change outcome after severe paediatric injury. In case of PTCA, resuscitation
shouldbeinitiatedintheabsenceofsignsofdeathandcontinueduntilarrivaltotheappropriatefacility.Theprolongedresuscitativeefforts
inpaediatricpatientsafterbluntinjuryinwhomCPRwasongoingformorethan15minutesbeforearrivaltoEDandwhohavefixedpupilson
arrival to ED are probably not beneficial and termination of resuscitation may be considered (this is explored in more detail in review on
Termination of Resuscitation).
The available evidence might warrant further exploration via a formal review, preferably looking both at children and adults
alike.
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PALS: POST-CARDIAC ARREST CARE, INCLUDING POST-ARREST PROGNOSTICATION
Appendix C-2
2020 Evidence Update Worksheet
Post-ROSC blood pressure control (PLS 820: EVUP)
Worksheet author(s): Alexis Topjian
Council: AHA
Date Submitted: Nov 20, 2019
PICO / Research Question:
In infants and children after ROSC (P), does the use of parenteral fluids and inotropes and/or vasopressors to maintain targeted
measures of perfusion such as blood pressure (I), compared with as compared with not using these interventions (C), change
patient satisfaction, Survival with Favorable neurological/functional outcome at discharge, 30 days, 60 days, 180 days AND/OR 1
year, Survival with Favorable neurological/functional outcome at discharge, 30 days, 60 days, 180 days AND/OR 1 year, survival
to hospital discharge, harm to patient (O)?
Outcomes:
Type (intervention, diagnosis, prognosis): intervention
Additional Evidence Reviewer(s): Steve Schexnayder
Conflicts of Interest (financial/intellectual, specific to this question): intellectual
Year of last full review: 2010 / 2015 / New question: 2015
Last ILCOR Consensus on Science and Treatment Recommendation:
Consensus on Science: For the critical outcome of survival to hospital discharge with good neurologic outcome, we identified very
low-quality evidence from 1 pediatric observational study of IHCA and OHCA (downgraded for risk of bias, indirectness, and
imprecision (Topjian 2014, 1518-1523)) involving 367 children, showing worse outcomes when subjects experienced blood
pressures less than fifth percentile for age after ROSC (RR, 0.78; 95% CI, 0.62–0.99). For the important outcome of survival to
hospital discharge, we identified very-low-quality evidence from 3 pediatric observational studies of IHCA and OHCA (downgraded
for risk of bias, inconsistency, indirectness, and imprecision(Lin 2010, 410-417; Lin 2013, 439-447; Topjian 2014, 1518-1523))
involving a total of 615 subjects, showing worse outcomes when children experienced hypotension after ROSC. Significant
heterogeneity (I-squared value 0.87) did not support pooling the data from these 3 studies (Topjian: OR, 0.62; CI, 0.41–0.93; Lin,
2010: OR, 0.10; CI, 0.03–0.32; and Lin, 2013: OR, 0.08; CI, 0.02–0.03). For the important outcome of harm to patient, we identified
no evidence.
Treatment Recommendation: We recommend that for infants and children after ROSC, parenteral fluids and/or inotropes or
vasopressors should be used to maintain a systolic blood pressure of at least greater than the fifth percentile for age (strong
recommendation, very-low-quality evidence).
Values, Preferences, and Task Force Insights In making this recommendation, we place a higher value on avoiding mortality and
progressive organ failures from the effects of hypotension than on unknown harms that may be associated with the use of fluids,
inotropes, or vasopressors. Although the measurement of blood pressure has limitations in determining perfusion of vital organ, it
is a practical and valued measurement of hemodynamic status. The task force made a strong recommendation despite the
weakness of the available evidence, owing to the intuitive need to avoid hypotension where there is a likely association with
reduced perfusion of vital organs.

Downloaded from www.aappublications.org/news by guest on November 18, 2020

2010/2015 Search Strategy:
((((((((((post-resuscitat*[Title/Abstract]) OR postresuscitat*[Title/Abstract]) OR resuscitated[Title/Abstract]) OR after
resuscitation[Title/Abstract]) OR sustained resuscitation[Title/Abstract]) OR return of spontaneous circulation[Title/Abstract]) OR
return of circulation[Title/Abstract]) OR ROSC[Title/Abstract])) AND ((((((((((((((((((Blood Pressure[MeSH Terms]) OR
"Hypotension"[Mesh:NoExp]) OR Cardiotonic Agents[MeSH Terms]) OR Cardiotonic Agents[Pharmacological Action]) OR
Vasoconstrictor Agents[MeSH Terms]) OR Vasoconstrictor Agents[Pharmacological Action]) OR "Hemodynamics"[Mesh:NoExp])
OR "Monitoring, Physiologic"[Mesh:NoExp]) OR blood pressure[Title/Abstract]) OR systolic pressure[Title/Abstract]) OR mean
arterial pressure[Title/Abstract]) OR hypotension[Title/Abstract]) OR perfusion[Title/Abstract]) OR vasopressor*[Title/Abstract])
OR vasoactive[Title/Abstract]) OR inotrop*[Title/Abstract]) OR hemodynamic*[Title/Abstract]) OR
haemodynamic*[Title/Abstract])) AND (((((((Hospital Mortality[MeSH Terms]) OR "Survivors"[Mesh:NoExp]) OR "Survival
Analysis"[Mesh:NoExp]) OR surviv*[Title/Abstract]) OR death*[Title/Abstract]) OR mortalit*[Title/Abstract]) OR neurologic
outcome*[Title/Abstract])

2019 Search Strategy: (((((((((((post-resuscitat*[Title/Abstract]) OR postresuscitat*[Title/Abstract]) OR resuscitated[Title/Abstract])
OR after resuscitation[Title/Abstract]) OR sustained resuscitation[Title/Abstract]) OR return of spontaneous
circulation[Title/Abstract]) OR return of circulation[Title/Abstract]) OR ROSC[Title/Abstract])) AND ((((((((((((((((((Blood
Pressure[MeSH Terms]) OR "Hypotension"[Mesh:NoExp]) OR Cardiotonic Agents[MeSH Terms]) OR Cardiotonic
Agents[Pharmacological Action]) OR Vasoconstrictor Agents[MeSH Terms]) OR Vasoconstrictor Agents[Pharmacological Action]) OR
"Hemodynamics"[Mesh:NoExp]) OR "Monitoring, Physiologic"[Mesh:NoExp]) OR blood pressure[Title/Abstract]) OR systolic
pressure[Title/Abstract]) OR mean arterial pressure[Title/Abstract]) OR hypotension[Title/Abstract]) OR perfusion[Title/Abstract])
OR vasopressor*[Title/Abstract]) OR vasoactive[Title/Abstract]) OR inotrop*[Title/Abstract]) OR hemodynamic*[Title/Abstract]) OR
haemodynamic*[Title/Abstract])) AND (((((((Hospital Mortality[MeSH Terms]) OR "Survivors"[Mesh:NoExp]) OR "Survival
Analysis"[Mesh:NoExp]) OR surviv*[Title/Abstract]) OR death*[Title/Abstract]) OR mortalit*[Title/Abstract]) OR neurologic
outcome*[Title/Abstract]) AND ((infan* OR baby OR baby* OR babies OR toddler* OR minors OR minors* OR kid OR kids OR child
OR child* OR children* OR schoolchild* OR schoolchild OR school child[tiab] OR school child*[tiab] OR adolescen* OR juvenil* OR
youth* OR teen* OR under*age* OR pubescen* OR pediatrics[mh] OR pediatric* OR paediatric* OR peadiatric* OR school[tiab] OR
school*[tiab]) NOT (newborn* OR new-born* OR perinat* OR neonat* OR prematur* OR preterm*))) AND ( NOT (animals [mh] ))-Dates 1/1/2013- current
Two articles by Topjian were not captured by the search but were added
Database searched: pubmed
Date Search Completed:9/23/2019
Search Results (Number of articles identified / number identified as relevant):62 + 2/5
Inclusion/Exclusion Criteria: excluded adults and animal and neonates
Link to Article Titles and Abstracts (if available on PubMed):
1. The association of immediate post cardiac arrest diastolic hypertension and survival following pediatric cardiac arrest.
Topjian AA, Sutton RM, Reeder RW, Telford R, Meert KL, Yates AR, Morgan RW, Berger JT, Newth CJ, Carcillo JA, McQuillen
PS, Harrison RE, Moler FW, Pollack MM, Carpenter TC, Notterman DA, Holubkov R, Dean JM, Nadkarni VM, Berg RA; Eunice
Kennedy Shriver National Institute of Child Health and Human Development Collaborative Pediatric Critical Care Research
Network (CPCCRN) Investigators.
Resuscitation. 2019 Aug;141:88-95. doi: 10.1016/j.resuscitation.2019.05.033. Epub 2019 Jun 6.
PMID: 31176666

Downloaded from www.aappublications.org/news by guest on November 18, 2020

2. The association of early post-resuscitation hypotension with discharge survival following targeted temperature management for
pediatric in-hospital cardiac arrest.
Topjian AA, Telford R, Holubkov R, Nadkarni VM, Berg RA, Dean JM, Moler FW; Therapeutic Hypothermia after Pediatric
Cardiac Arrest (THAPCA) Trial Investigators.
Resuscitation. 2019 Aug;141:24-34. doi: 10.1016/j.resuscitation.2019.05.032. Epub 2019 Jun 5.
3.Association of Early Postresuscitation Hypotension With Survival to Discharge After Targeted Temperature Management for
Pediatric Out-of-Hospital Cardiac Arrest: Secondary Analysis of a Randomized Clinical Trial.
Topjian AA, Telford R, Holubkov R, Nadkarni VM, Berg RA, Dean JM, Moler FW; Therapeutic Hypothermia After Pediatric
Cardiac Arrest (THAPCA) Trial Investigators.
JAMA Pediatr. 2018 Feb 1;172(2):143-153. doi: 10.1001/jamapediatrics.2017.4043. PMID: 29228147
4. Post return of spontaneous circulation factors associated with mortality in pediatric in-hospital cardiac arrest: a prospective
multicenter multinational observational study.
López-Herce J, del Castillo J, Matamoros M, Canadas S, Rodriguez-Calvo A, Cecchetti C, Rodríguez-Núnez A, Carrillo Á;
Iberoamerican Pediatric Cardiac Arrest Study Network RIBEPCI.
Crit Care. 2014 Nov 3;18(6):607. doi: 10.1186/s13054-014-0607-9. PMID: 25672247
5. Association of Duration of Hypotension With Survival After Pediatric Cardiac Arrest.
Laverriere EK, Polansky M, French B, Nadkarni VM, Berg RA, Topjian AA.
Pediatr Crit Care Med. 2019 Sep 20. doi: 10.1097/PCC.0000000000002119. [Epub ahead of print]
PMID: 31568263
Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic and scoping reviews.
Nonrandomized Trials, Observational Studies
Study Acronym;
Study Type/Design;
Patient
Author;
Study Size (N)
Population
Year Published
Laverriere EL
2019
{Laverriere 2019
epub}

Study Type:
retrospective cohort
(n=116)

Inclusion Criteria:
< 18 years of age
> 2 min CPR
ROC > 20 min
PCAC in PICU
IHCA or OHCA
First Arrest Only

Primary Endpoint and Results
(include P value; OR or RR; &
95% CI)

Summary/Conclusion
Comment(s)

1° endpoint: survival to
discharge

A higher burden of
postresuscitation
hypotension within the first
72 hours of ICU
postresuscitation care was
associated with significantly
decreased discharge
survival, after accounting for
potential confounders

0-6 hours
one episode hypotension with
6 hours of ICU PCAC survival
51% vs non survivors 69%
(p=0.06). no association
adj OR
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burden not associated with
outcomes
no association with
neurologic outcomes
0-72 hours
no difference
in survival to discharge
between those with and
without
“any hypotension” (56% vs
73%; p = 0.06); not significant
on adj OR

including number of doses
of epinephrine, arrest
location,
and arrest etiology due to
airway obstruction or
trauma.

higher “burden of
hypotension” within 72 hours
of ICU
postresuscitation care had
significantly decreased odds of
survival
to discharge (aOR = 0.67 per
10% increase in hypotension
burden; 95% CI, 0.48–0.86; p =
0.006).

Topjian, 2019
PIQCPR diastolic
hypertension
{Topjian 2019 88}

Study Type:
retrospective
observational
(n=102)

Inclusion Criteria:
in PIQCPR study

1° endpoint: survival to
discharge

invasive BP
monitoring
within 20 min of
ROSC

2° endpoint: survival with a
favorable neurologic outcome

Diastolic hypertension >
90th percentile in first 20
min post ROSC is associated
with increased rates of
survival to d/c

Survivors diastolic
hypertension 79.3% vs no
survivors 54.45% . p=0.01
OR: 2.93 (95% CI [confidence
interval]: 1.16, 7.69) for
survival for Diastolic
hypertension compared to no
diastolic hypertension

Topjian, 2019
THAPCA IH
hypotension
{Topjian 2019 24}

retrospective
observational
(n=299)

Inclusion Criteria:
THAPCA-IH
patient
ECMO and Nonecmo analyzed
separately

1° endpoint: survival to
discharge
Non-ECMOat least one episode of systolic
hypotension with 6 hours of
intervention 19% alive vs 47%
dead (p<0.001) adj OR .34
(0.12, 0.93)
ECMO: at least one episode of
mean arterial hypotension
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systolic hypotension within
6 hours of TTM
interventions associated
with lower survival to
discharge rates in nonECMO patients.
No difference in ECMO
patients.

with 6 hours of intervention:
no difference in survival
between those with and
without hypotension (7
[30.4%] vs 66 [49.3%], p =
0.095)
Topjian, 2018
THAPCA OH
hypotension
{Topjian 2018
143}

retrospective
observational
(n=292)

THAPCA-OH
patient

1° endpoint: survival to
discharge
2° endpoint: one year survival
0-6 hours: at least one episode
of systolic hypotension with 6
hours of intervention 17.7%
alive vs 32.4% dead (p=0.006)
adjusted odds ratio [AOR],
0.39; 95% CI, 0.20–0.74).

Early hypotension within 6
hours of TTM intervention
after cardiac arrest is
associated and burden if
hypotension are associated
with survival to discharge.

For each 10% increase in the
number of hypotension
measurements, a 20%
decrease occurred in the odds
of survival (AOR, 0.80; 95% CI,
0.69–0.93)..
probability of survival over 1
year was significantly lower in
participants with early
hypotension (0–6 hours)
regardless of TTM arm (logrank test of equality over
strata, P < .001)

Lopez Herce 2014
{lopez herce 2014
607}

prospective
multicenter,
multinational,
observational (n=
502

1 month to < 18
years old
IHCA

0-72 hours : no differences for
survival, burden or probability
of one year survival
survival to hospital discharge
survivors vs non survivors
vasopressors 63.9% vs 76.3%
(p=0.039)
VIS 38 vs 80 (p=0.001)
VIS < 14 29% death
VIS > 14 51% death p =0.007
VIS adj OR 2.454 (1.25, 4.8)
between 1 and 24 hours

Reviewer Comments (including whether meet criteria for formal review):
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The need for higher doses of
vasopressors is associated
with decreased survival to
discharge

There is increasing data that supports that post cardiac arrest hypotension less than the 5th percentile for age during the post cardiac arrest
period is associated with worse outcomes. Furthermore, patients who require higher doses of vasopressor support have lower rates of
survival to hospital discharge. There is one paper that demonstrates that hypertension immediately after cardiac arrest is associated with
survival.
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Appendix C-36
2020 Evidence Update Worksheet
Post-ROSC Neuroprognostication (PLS 813: EvUp)
Worksheet author(s): Anne-Marie Guerguerian, Barney Sholefield
Council: AHA
Date Submitted: December 20, 2019
PICO / Research Question:
Among infants and children with return of circulation (P), does the presence of any specific factors (I),
compared with the absence of those factors (C), change or predict survival to 180 days with good
neurological outcome, survival to 60 days with good neurological outcome, survival only at discharge, at 30
days, at 60 days, at 180 days and/or at 1 year, survival to 30 days with good neurological outcome, survival to
hospital discharge with good neurological outcome (O)?
Outcomes:
Critical survival to 1 year (or 12 months) with good neurological outcome.
Critical survival to 180 days (or 3 months) with good neurological outcome.
Important survival only at discharge, or at 30 days, or at 60 days, or at 180 days, and/or at 1 year, or beyond 1
year.
Important survival to hospital discharge with good neurological outcome.
Type: Prognosis
Additional Evidence Reviewer(s): Eva Ta, Will Tremlett, Mirjam Kool, Ravi Nagaraj.
Conflicts of Interest (financial/intellectual, specific to this question): intellectuals have authored papers
(Scholefield authored 2015 observational study).
Year of last full review: 2015
Last ILCOR Consensus on Science and Treatment Recommendation:
Consensus on Science 2015
For the critical outcome of survival to 180 days with good neurologic outcome, we identified very-low-quality
evidence for prognostic significance (downgraded for imprecision and risk of bias) from 1 pediatric
observational prospective cohort study of IHCA and OHCA (Fink 2014, 664-674) enrolling 43 children showing
that reactive pupils at 24h after ROSC is associated with improved outcomes (RR, 5.94; 95% CI, 1.5–22.8).
For the important outcome of survival to hospital discharge, we identified very-low quality evidence for
prognostic significance (downgraded for imprecision and risk of bias, but with a moderate-dose response)
from 4 pediatric observational studies of IHCA and OHCA (Nishisaki 2007, 10-17; Meert 2009, 544-553; Moler
2011, 141-149; Abend 2012, 32-38) enrolling a total of 513 children showing that pupils reactive to light 12 to
24h after ROSC is associated with improved outcomes (RR, 2.3; 95% CI, 1.8–2.9).
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For the important outcome of survival to hospital discharge with good neurologic outcome, we identified
very low-quality evidence for prognostic significance (downgraded for risk of bias and imprecision, but with a
moderate effect size) from 2 pediatric observational studies of IHCA and OHCA,(Nishisaki 2007, 10-17; Abend
2012, 32-38) enrolling a total of 69 children showing that pupils reactive to light before hypothermia or 24h
after ROSC is associated with improved outcomes (OR, 3.0; 95% CI, 1.4–6.5).
For the important outcomes of survival to hospital discharge and hospital discharge with good neurologic
outcome, we identified very-low quality evidence for prognostic significance (downgraded for risk of bias and
imprecision) from 2 pediatric observational studies of IHCA and OHCA,(Topjian 2009, 479-490; Fink 2014,
664-674) enrolling a total of 78 children showing that lower neuron-specific enolase (NSE) or S100B serum
levels at 24, 48, and 72h are associated with an increased likelihood of improved outcomes (P<0.001 to
P<0.02).
For the important outcome of survival to hospital discharge, we identified very-low-quality evidence for
prognostic significance (downgraded for imprecision and risk of bias) from 1 pediatric observational study of
IHCA and OHCA,(Topjian 2013, e380-e387) enrolling 264 children showing that lower serum lactate levels at 0
to 6h (P<0.001) and 7 to 12h (P<0.001) after ROSC are associated with improved outcomes.
Treatment Recommendations 2015:
We suggest that practitioners use multiple variables when attempting to predict outcomes for infants
and children after cardiac arrest (weak recommendation, very-low-quality evidence).
Values, Preferences, and Task Force Insights
We place greater value on preserving opportunities for recovery than on limiting therapy based on as-yetunvalidated prognostic tools.
2015 Search Strategy:
PubMed: ( Search Completed: May 08, 2014 ) PubMed
Revised and Updated Search provided 10/8/14:
(((((((((((((((((((((((Heart Arrest[MeSH Terms]) OR Ventricular Fibrillation[Mesh:NoExp]) OR Cardiopulmonary Resuscitation[MeSH Terms]) OR postresuscitat*
[Title/Abstract]) OR postresuscitat*[Title/Abstract]) OR resuscitated[Title/Abstract]) OR after resuscitation[Title/Abstract]) OR sustained
resuscitation
[Title/Abstract]) OR successful resuscitation[Title/Abstract]) OR return of spontaneous circulation[Title/Abstract]) OR return of
circulation[Title/Abstract]) OR
ROSC[Title/Abstract]) OR post-cardiac arrest[Title/Abstract]) OR post-infarct*[Title/Abstract]) OR postinfarct*[Title/Abstract])) AND
((((((Survival[MeSH Terms])
OR Survivor[Mesh:NoExp]) OR Mortality[MeSH Terms]) OR Survival Analysis[MeSH Terms]) OR surviv*[Title/Abstract]) OR
mortality[Title/Abstract])) AND
(((((Prognosis[Mesh:NoExp]) OR Predictive Value of Tests[MeSH Terms]) OR Treatment Outcome[MeSH Terms]) OR prognos*[Title/Abstract]) OR
predict*
[Title/Abstract]))) AND ((Infan* OR newborn* OR new-born* OR perinat* OR neonat* OR baby OR baby* OR babies OR toddler* OR minors OR
minors* OR
boy OR boys OR boyfriend OR boyhood OR girl* OR kid OR kids OR child OR child* OR children* OR schoolchild* OR schoolchild OR school
child[tiab] OR
school child*[tiab] OR adolescen* OR juvenil* OR youth* OR teen* OR under*age* OR pubescen* OR pediatrics[mh] OR pediatric* OR paediatric*
OR
peadiatric* OR school [tiab] OR school*[tiab] OR prematur* OR preterm*)))) NOT ((animals[mh] NOT humans[mh])))) NOT (("letter"[pt] OR
"comment"[pt] OR
"editorial"[pt] or Case Reports[ptyp]))
Date Searched: April 29, 2014
Number of Results: 1113
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((((((((((((((((((((((((((((((((Heart Arrest[MeSH Terms]) OR "Ventricular Fibrillation"[Mesh:NoExp]) OR Cardiopulmonary Resuscitation[MeSH Terms])
OR heart
arrest[Title/Abstract]) OR cardiac arrest[Title/Abstract]) OR cardiopulmonary arrest[Title/Abstract]) OR cardiovascular arrest[Title/Abstract]) OR
asystole
[Title/Abstract]) OR ventricular fibrillation[Title/Abstract]) OR pulseless electrical activity[Title/Abstract]) OR advanced cardiac life
support[Title/Abstract]) OR
ACLS[Title/Abstract]) OR resuscitation[Title/Abstract]) OR CPR[Title/Abstract]) OR post-resuscitat*[Title/Abstract]) OR
postresuscitat*[Title/Abstract]) OR
resuscitated[Title/Abstract]) OR after resuscitation[Title/Abstract]) OR sustained resuscitation[Title/Abstract]) OR return of spontaneous
circulation
[Title/Abstract]) OR return of circulation[Title/Abstract]) OR ROSC[Title/Abstract]) OR post-cardiac arrest[Title/Abstract]) OR postinfarct*[Title/Abstract]) OR
postinfarct*[Title/Abstract])) AND (((((Survival[MeSH Terms]) OR Survivors[Mesh:NoExp]) OR Survival Rate[MeSH Terms]) OR Survival
Analysis[MeSH
Terms]) OR surviv*[Title/Abstract])) AND ((((Prognosis[Mesh:NoExp]) OR "Predictive Value of Tests"[MeSH Terms]) OR prognos*[Title/Abstract])
OR predict*
[Title/Abstract])) AND ((Infan* OR newborn* OR new-born* OR perinat* OR neonat* OR baby OR baby* OR babies OR toddler* OR minors OR
minors* OR boy
OR boys OR boyfriend OR boyhood OR girl* OR kid OR kids OR child OR child* OR children* OR schoolchild* OR schoolchild OR school child[tiab]
OR school
child*[tiab] OR adolescen* OR juvenil* OR youth* OR teen* OR under*age* OR pubescen* OR pediatrics[mh] OR pediatric* OR paediatric* OR
peadiatric* OR
school [tiab] OR school*[tiab] OR prematur* OR preterm*)))) NOT ((animals[mh] NOT humans[mh])))) NOT (("letter"[pt] OR "comment"[pt] OR
"editorial"[pt] or
Case Reports[ptyp]))
Embase: ( Search Completed: May 08, 2014 ) Embase
Date Searched: April 29, 2014
Number of Results: 721
'heart arrest'/exp OR 'heart ventricular fibrillation'/de OR 'return of spontaneous circulation'/de OR 'heart arrest':ab,ti OR 'cardiac arrest':ab,ti OR
'cardiopulmonary arrest':ab,ti OR 'cardiovascular arrest':ab,ti OR asystole:ab,ti OR 'ventricular fibrillation':ab,ti OR 'pulseless electrical
activity':ab,ti OR
'advanced cardiac life support':ab,ti OR acls:ab,ti OR 'cardiopulmonary resuscitation':ab,ti OR cpr:ab,ti OR (post NEXT/1 resuscitat*):ab,ti OR

2019 Search Strategy:
Database searched: Pubmed /Medline using my NCBI and the following terms:
• ((cardiac arrest) AND pediatric) AND imaging
• ((cardiac arrest) AND pediatric) AND prognosis
• ((cardiac arrest) AND pediatric) AND factor and prognosis
• ((cardiac arrest) AND pediatric) AND electrophysiology
• ((cardiac arrest) AND pediatric) AND biological marker (plasma/urine/CSF biomarker threshold level or
presence, compared with sub threshold level or none)
Inclusion/Exclusion Criteria:
• Inclusion: article type and text availability: published reports in peer reviewed journals as original
studies; case series > 5 subjects, cohorts (prospective or retrospective), clinical trials; Species:
humans; Age: non-newborn of pediatric age group, Language: English.
• Exclusion: article type and text availability: reviews, published in abstract form only, conference
abstracts, book chapters; Species: animal or mannequin studies; Age: adult population without a
pediatric sample; Language: full text not available in English.
Date Search Completed: April 3, 2019; repeated search on November 25, 2019. Publication dates from 2014January to 2019-November 15.
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Search Results Part 1: (Total Number of articles identified / number identified as relevant) Does not include
biological markers search completed separately in Part 2.
106 selected for ((cardiac arrest) AND pediatric) AND imaging + 36 ((cardiac arrest) AND pediatric) AND
electrophysiology + 44 ((cardiac arrest) AND pediatric) AND biological marker + 275 ((cardiac arrest) AND
pediatric) AND prognosis + 11 ((cardiac arrest) AND pediatric) AND factor and prognosis: 106+36+44+11=197.
Total and 27 read in full text, 9 included.
Part 2 Biological Markers Search: Pubmed search strategies 13/12/2019 Limits: 01/01/2013 – 13/12/2019
Humans, English Search strategy run 13/12/2019: 682 results (see PRISAM figure after Cited references)
(((((((((((((((((((((((((((((((("Natriuretic Peptide, Brain"[Mesh]) OR "Ammonia"[Mesh]) OR "MicroRNAs"[Mesh]) OR (((("Acid-Base Equilibrium"[Mesh]) OR
"Alkalosis"[Mesh]) OR "Acidosis"[Mesh]))) OR "Phosphopyruvate Hydratase"[Mesh]) OR "Glial Fibrillary Acidic Protein"[Mesh]) OR "Ubiquitin Thiolesterase"[Mesh])
OR "Cell-Free Nucleic Acids"[Mesh]) OR ((("Interleukin-6"[Mesh]) OR "Interleukin-8"[Mesh]) OR "Interleukin-10"[Mesh])) OR "Ferritins"[Mesh]) OR "fibrin fragment
D" [Supplementary Concept]) OR "Procalcitonin"[Mesh]) OR (tau fragment or tau or base excess or Neurofilament light chain or nfl or Mitochondrial cell-free DNA or
Neutrophil gelatinase-associated lipoprotein or Cytochrome C Mitochondrial protein or sulfonylurea receptor-1 or ph or d-dimer)) OR "Cardiolipins"[Mesh]) OR
"LCN2 protein, human" [Supplementary Concept]) OR "Glutathione"[Mesh]) OR "Superoxide Dismutase"[Mesh]) OR "Lactic Acid"[Mesh]) OR ("Metabolic Networks
and Pathways"[Mesh])) OR "HMGB1 Protein"[Mesh]) OR "Cytochromes c"[Mesh]) OR "Apolipoprotein E4"[Mesh]) OR "Multidrug Resistance-Associated
Proteins"[Mesh]) OR "Poly (ADP-Ribose) Polymerase-1"[Mesh]) OR "S100 Calcium Binding Protein beta Subunit"[Mesh]) OR "Nerve Growth Factors"[Mesh]) OR
"Myelin Basic Protein"[Mesh]) OR "Biomarkers/blood"[Mesh]) OR "Biomarkers/urine"[Mesh]) OR "Biomarkers/cerebrospinal fluid"[Mesh]) OR "Biomarkers"[Mesh])
OR "tau Proteins"[Mesh]) (12393614)
AND
(((((((Heart Arrest[MeSH Terms] OR Ventricular Fibrillation[MeSH Terms] OR Cardiopulmonary Resuscitation[MeSH Terms] OR heart arrest[TIAB] OR cardiac
arrest[TIAB] OR cardiopulmonary arrest[TIAB] OR cardiovascular arrest[TIAB] OR asystole[TIAB] OR ventricular fibrillation[TIAB] OR pulseless electrical activity[TIAB]
OR advanced cardiac life support[TIAB] OR ACLS[TIAB] OR resuscitat*[TIAB] OR CPR[TIAB] OR post-resuscitat*[TIAB] OR postresuscitat*[TIAB] OR return of
spontaneous circulation[TIAB] OR return of circulation[TIAB] OR ROSC[TIAB] OR post-cardiac arrest[TIAB] OR post-infarct*[TIAB] OR postinfarct*[TIAB]))
(139417)
AND
(((((Survival[MeSH Terms]) OR Survivors[Mesh:NoExp]) OR Survival Rate[MeSH Terms]) OR Survival Analysis[MeSH Terms]) OR surviv*[Title/Abstract])) AND
((((Prognosis[Mesh:NoExp]) OR "Predictive Value of Tests"[MeSH Terms]) OR prognos*[Title/Abstract]) OR predict*
(1776582)
AND
(Infan* OR newborn* OR new-born* OR perinat* OR neonat* OR baby OR baby* OR babies OR toddler* OR minors OR minors* OR boy OR boys OR boyfriend OR
boyhood OR girl* OR kid OR kids OR child OR child* OR children* OR schoolchild* OR schoolchild OR school child[tiab] OR school child*[tiab] OR adolescen* OR
juvenil* OR youth* OR teen* OR under*age* OR pubescen* OR pediatrics[mh] OR pediatric* OR paediatric* OR peadiatric* OR school[tiab] OR school*[tiab] OR
prematur* OR preterm*)))
(5214816)
NOT (animals[mh] NOT humans[mh]) (4645784)
NOT ("letter"[pt] OR "comment"[pt] OR "editorial"[pt]) (1788239)
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Summary of Evidence Update:
Evidence Update Process for topics not covered by ILCOR Task Forces
This evidence update process is only applicable to PICOs which are not being reviewed as ILCOR systematic
and scoping reviews.
Part 1 Secondary Analyses from Randomized Controlled Trials:
Study Acronym;
Author;
Year Published

Aim of Study;
Study Type;
Study Size (N)

Patient
Population

THAPCA Ichord
2018 e123

To characterize
the neurologic
function in
survivors at 12
months. Pediatric
Resuscitation after
Cardiac Arrest
(PRCA) scores
were compared
with 12-month
VABS-II scores and
cognitive scores.
PRCA form
includes 6
domains; scores
ranged from 0 (no
deficits) to 21
(maximal).
Vineland Adaptive
Behavior Scales
(VABS-II).

Age >48h and
<18 y of age;
comatose and
randomized into
trials, survived
and examined by
a neurologist at
12 months.

In- and Out-ofhospital
randomized
controlled trial
secondary
analysis
combined cohort
of survivors
examined by a
neurologist at 12
months.

THAPCA Meert
2018 96
In-hospital
cardiac arrest
randomized
controlled trial
secondary
analysis.

N=181
To investigate
clinical
characteristics
associated with
12-month survival
and
neurobehavioural
function using
VABS-II (Vineland
Adaptive
Behaviour Scale,
second edition).

Age >48 h and
<18 y of age;
comatose and
randomized into
in-hospital trial.

Study
Intervention
(# patients) /
Study
Comparator
(# patients)
Main Trial
Intervention:
Hypothermia.
Comparison:
Normothermia.
No difference
between groups
and groups
merged for
secondary
analysis.
The primary
outcome
survival with
favorable 12month neurobehavioral
outcome did not
differ between
treatment
groups in either
trial.
Main Trial
Intervention:
Hypothermia.
Comparison:
Normothermia.
No difference
between groups
and groups
merged for
secondary
analysis.

Primary Endpoint
Results
(Absolute Event
Rates, P value; OR
or RR; & 95% CI)

Relevant 2°
Endpoint (if any);
Study Limitations;
Adverse Events

Post resuscitation
factors associated
with poor
outcomes at 12
months included:
seizure recognition
in the early postarrest period and
poor neurologic
status at hospital
discharge.

There was a strong
correlation between
PRCA and VABS-II
scores.

Higher post-arrest
blood lactate
concentration was
independently
associated with
lower 12-month
survival.

Use of
extracorporeal
membrane
oxygenation
(ECMO) and higher
blood lactate were
independently
associated with
lower 12-month
survival with VABSII decreased by
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N=329

THAPCA Topjian
2018 143
Out-of-hospital
cardiac arrest
trial cohort
secondary
analysis.

To determine if
hypotension is
associated with
survival to
discharge after
resuscitation.

Age >48h and
<18 y of age;
comatose and
randomized into
trial.

N=292

Part 1 Observational Studies

Main Trial
Intervention:
Hypothermia.
Comparison:
Normothermia.
No difference
between groups
and groups
merged for
secondary
analysis.

Early hypotension
was associated with
decreased odds of
survival to hospital
discharge (20 of 78
[25.6%] vs 93 of
214 [43.5%];
adjusted odds ratio,
0.39; 95% CI, 0.200.74).

</=15 points from
baseline.
Use of ECMO, and
higher blood lactate
were independently
associated with
lower 12-month
survival with VABSII >/=70.
26.7% had
hypotension within
6h after
temperature
intervention and
the rate of
hypotension was
the same in both
temperature
groups.

Study Acronym;
Author;
Year Published

Study
Type/Design;
Study Size (N)

Patient
Population

Primary Endpoint and
Results (include P value;
OR or RR; & 95% CI)

Summary/Conclusion
Comment(s)

Conlon 2015 146

Retrospective
cohort with 58
subjects.

Out of Hospital
cardiac arrest
with age 1 month
to 18 y old; from
January 2006 –
May 2012

Association between left
ventricular (LV) systolic
function after ROSC and
survival on hospital
discharge measured by
transthoracic
echocardiography within
24h of cardiac arrest.

Lin 2015

Retrospective
cohort study with
17 subjects

In and out of
hospital cardiac
arrest; from 1month old to 18
y; January 1,
2011 and
December 31,
2012

Transcranial Doppler
Ultrasound features of
mean cerebral blood flow
velocity and pulsatility
index during hypothermia
following return of
circulation.
Outcome assessed by
Pediatric Cerebral
Performance Score of 1 or 2

Decreased left systolic
function is associated with
increased mortality: after
controlling for defibrillation,
vasoactive inotrope score (VIS)
and interaction between VIS
and LV systolic function,
decreased LV systolic function
was associated with increased
mortality (adjusted OR 13.7
[95% CI: 1.54, 122]).
Reversal of middle cerebral
artery diastolic flow or
absence of blood flow was
found in children with
unfavorable outcome (p value
0.03).
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Lovett 2018 28

Prospective cohort
with 26 cardiac
arrests

Manchester 2016 Prospective cohort
with 14 subjects

Starling 2015 542

Retrospective
cohort study
among 78 subjects
with out-ofhospital cardiac
arrest.

Newborn to 17 y;
June 2015 to
April 2017

1 week old to 18
y; July 2011 to
April 2013

< 18 y; July 1,
2005 through
May, 31 2012

(favorable) at 3 months
after event.
Description of TCD
following cardiac arrest.
Transcranial Doppler (TCD)
Ultrasound features of
mean cerebral blood flow
velocity and pulsatility
index following return of
circulation. Outcome
assessed at 3 months with
the Paediatric Extended
Version of the Glasgow
Outcome Score GOS-E
Peds; Favorable
≤4 and unfavorable ≥ 5.
Relationship between
global and regional cerebral
blood flow and water
diffusion on apparent
diffusion coefficient (ADC)
on brain MRI within 2
weeks of event and
neurologic outcome
assessed with Pediatric
Cerebral Performance
Category (PCPC) at 3 and 6
months.
Relationship between Head
computed tomography (CT)
scan features after return
of circulation: presence or
absence of gray-white
matter (GWM)
differentiation, basilar
cistern effacement, sulcal
effacement. Outcomes
assessed were survival and
favorable neurologic
outcome on hospital
discharge (using PCPC 1-3).
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No significant difference
detected between outcome
groups.

Decreases in global restricted
water diffusion on ADC after
cardiac arrest was associated
with unfavorable neurologic
outcome at 3 and 6 months
using PCPC.

Survival on hospital discharge:
normal CT had a sensitivity of
62% and specificity of 90%;
positive predictive value of
86%; negative predictive value
70%.
Unfavorable neurologic
outcomes:
Loss of GWM had a sensitivity
of 65% and specificity 100%;
positive predictive values of
loss of GWM, sulcal
effacement, and reversal sign
were 100%; negative
predictive values were 63%,
51% and 43% respectively.
The of loss of GWM
differentiation had an area
under the curve for mortality
of 0.84 and for unfavorable
neurologic outcome of 0.82.

Part 2 Biological markers:
Study
Acronym;
Author;
Year
Published

Study
Type/Design;
Study Size
(N)

Patient
Population

Primary
Endpoint and
Results (include
P value; OR or
RR; & 95% CI)

Summary/Conclusion
Comment(s)

Alsoufi 2014
268

Retrospective
observational

Age: <18y
supported
with ECPR
following
cardiac
arrest
after
surgery
for
congenital
cardiac
lesion.

1° endpoint:
Survival to
hospital
discharge.
Results:
Univariate
Immediate postECMO lactate
per mmol/l; OR
0.82 (0.70–0.95)
p= 0.01.
Peak post-ECMO
lactate per
mmol/l; OR 0.85
(0.75–0.98)
p=0.02.
Maximum
creatinine per
mg/dl; OR 0.16
(0.03–0.84) p=
0.03.
Maximum
bilirubin per
mg/dl; OR 0.93
(0.83–1.04) p=
0.21.
Hours to lactate
normalization
OR 0.98 (0.94–
1.02) p=0.25.
Multivariate
analysis:
Immediate postECMO lactate
per mmol/l;
adjusted OR
0.75 (0.60–0.93)
p= 0.008 and
renal failure

Serum lactate
increase after ECMO
is associated with
mortality on hospital
discharge and renal
failure requiring
hemodialysis.

N=39
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Fink 2014 664

Prospective
Observational
study
N=43

Age:1 week 17 y,
admitted to
the PICU with
ROSC after
IHCA or
OHCA.

requiring
hemodialysis OR
14.1, (1.8111.1), p=0.01.
Measures: serum
neuron specific
enolase, S100b, and
myelin basic
protein on days 1–4
and 7 after cardiac
arrest.
1° endpoint:
Survival or survival
with favourable
outcome, (PCPC 13) at 6 months.
Results:
Serum neuron
specific enolase and
S100b
concentrations
were increased in
the unfavorable
versus favorable
outcome group and
in subjects who
died at all time
points (all p < 0.05).

NSE, S100B,
Myelin basic
protein, first
pH, and first
Lactate, all
predictive of 6month
favourable
neurological
outcome.

Serum myelin basic
protein at 24 and
72h correctly
classified survival
but not good versus
poor outcome.
Serum S100b and
neuron-specific
enolase had
optimal positive
and negative
predictive values at
24h to classify both
favorable versus
unfavorable
outcome and
survival, whereas
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serum myelin basic
protein’s best
accuracy occurred
at 48h.
Serum S100b to
classify unfavorable
at 6 months
outcome and
mortality AUC (95%
CI) 0.955 (0.922–
0.987) and 0.908
(0.866–0.950),
respectively.
NSE AUC 0.859
(0.796–0.922) and
0.787 (0.721–
0.852) and serum
MBP was 0.732
(0.647–0.817) and
0.727 (0.654–
0.799) (all < 0.05).

Lopez-Herce
2014 607

Prospective
multicentre
multinational
observational
N=349/502

Age: 1 m –
18y with
ROSC>20min
post IHCA
(including in
ED).

AUC for
cardiopulmonary
resuscitation (CPR)ROSC time [0.642
(0.474-0.811), first
lactate [AUC 0.749
(0.604-0.893)], and
blood pH [AUC
0.752 (0.6080.896)] for
favourable
outcome.
Evaluating the
relationship
between
biomarkers at 1h
and 24h post
cardiac arrest
following ROSC: pH,
PaO2, PaO2/FiO2,
PaCO2, HCO3, BE,
lactic acid, lactic
acid clearance.

High lactic acid levels at
1h after ROSC were
associated with bad
neurological outcome.
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1° endpoint:
Survival to hospital
discharge.
Results:
Logistic regression
model at 1h ROSC,
AUC 0.733 (CI 0.681
to 0.785; P =0.001).
At 24 h ROSC, AUC
0.769 (CI 0.720 to
0.819; P =0.001),
1h after ROSC
univariate
PaCO2 <30 mmHg
OR 3.323 (95%CI
1.560 to 7.079)
p=0.002
PaCO2 >50 mmHg
OR 2.276 (1.302 to
3.978) p= 0.004
Lactate >5 mmol/L
OR 3.706 (1.335 to
10.29) p= 0.012
24 h after ROSC
univariate
pH<7.3 OR 3.023
(1.472 to 6.205)
p=0.003
PaCO2 >50mmHg
OR 3.109 (1.508 to
6.409) p=0.002
Lactic acid>5
mmol/L; OR 2.995
(1.086 to 8.254) p=
0.034.
1 h after ROSC
multivariate PaCO2
< 30 mmHg OR
2.640 (95% CI 1.190
to 5.857) p=0.017
PaCO2 > 50 mmHg
OR 1.950 (1.063 to
3.576) p= 0.031
Lactic acid >5
mmol/L OR 2.021
(0.926 to 4.413) p=
0.077
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Del Castillo
2015 126

Guerra 2015
208

Scholefield
2015 122

Secondary
analysis of
previously
published
prospective
multinational
observational
study (LopezHerce Critical
Care 2014,
Lopez-Herce
Intensive Care
Medicine 2013
p309-318, del
Castillo Resus
2012 p14561461).
N=197
Prospective
observational
study
N=55

Retrospective
observational
N=827

Age: 1 m –
18y surviving
to hospital
discharge
post IHCA
(including in
ED).

Children
supported
with ECPR for
cardiac
arrest.

Age: < 17 y
post ROSC
with OHCA
surviving to
PICU
admission.

24 h after ROSC
multivariate
PaCO2 > 50 mmHg
OR 2.541 (1.156 to
5.587) p= 0.020
Factors associated
with 1-year
neurological
outcome good
(PCPC 1-2) or bad
(PCPC>2).

Factors associated
with 5-year
mortality.
Results:
Cox regression
analysis of 5-year
mortality.
Time lactate < 2
mmol (1.02 (1.01.03; p<0.0001),
Lowest pH first 24 h
(0.05 (0.00-0.42;
p=0.005).
Factors associated
to survival to PICU
discharge.
Results:
AUC for prognostic
model 0.844 (0.82–
0.87);
Hypoxia (PaO2< 8
kPa or<60 mmHg),
normoxia (PaO28–
40 kPa or 60–300

Multivariate analysis
showed that 24h post
ROSC lactic acid 2 to 5
mmol/L was associated
with unfavourable
outcome adjusted OR
8.532 (1.301–55.944) p
= 0.025, and if the
causes of the event
were traumatic or
neurologic.

Lactate and pH in first
24h after ECPR
associated with 5-year
mortality.

Non-survivors had
greater base deficit on
admission blood gas to
pediatric intensive care
unit.
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mmHg) or
hyperoxia (PaO2>40
kPa or >300 mmHg)
at time of PICU
admission not
significantly
associated with
mortality.
Base deficit
(median [IQR]) was
greater in nonsurvivors (11.7 [6.0
to 18.0] mmol/L)
compared to
survivors (5.0[1.0 to
9.8] mmol/L;
p<0.001).
Multivariate logistic
regression
associated with
mortality with base
deficit (per 1
mmol/L) 1.07 (1.04
to 1.10) p<0.001.
Fink 2016 65

Prospective
Case control
study. 19
Cardiac arrest,
43 normal
controls.

Age: 1 m- 17y
admitted to
ICU with
ROSC after inor out-ofhospital
arrest

Exploratory of
serum ubiquitin
carboxyl-terminal
esterase L1 (UCHL1) and glial
fibrillary acidic
protein (GFAP)
1° endpoint:
6 -month
neurodevelopment
al outcome
favourable (PCPC 13) or unfavourable
(PCPC 4-6).
Results:
Serum UCH-L1 was
increased in
subjects with
unfavorable versus
favorable outcome
at time point2 (0.59
[0.27, 1.12] vs. 0.15

Time point 1: 10.5h (5.517.0);
Time point 2: 59.0 h
(54.5-65.0)
Serum UCH-L1 and
GFAP measured before
12 hours and on the
third day are promising
markers of 6 monthoutcome.
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Meert 2016
543
THAPCA
Out-of-Hospital
cardiac arrest
randomized
controlled trial
secondary
analysis.

N=295

Age >48 h
and <18 y of
age;
comatose
and
randomized
into out-ofhospital
cardiac arrest
main trial.

[0.12, 0.18] ng
ml−1, p = 0.006).
Serum GFAP was
not different
between outcome
groups at timepoint
1, but subjects with
unfavorable
outcome had
increased serum
GFAP versus
subjects with
favorable outcome
at time point2 (2.23
[0.73, 16.52] vs.
0.00 [0.00, 0.49] ng
ml−1, p = 0.001).
The area under the
curve (AUC) [95%
CI] for serum UCHL1 to classify 6month outcome at
time points 1 and 2
were 0.782[0.638–
0.925] and 0.822
[0.702–0.942],
respectively (p <
0.05 forboth)
The AUC for serum
GFAP was 0.408
[0.238–0.578](p >
0.05) and 0.796
[0.642–0.950] at
time points 1 and
2(p < 0.05).
1° endpoint:
12 -month survival,
or survival with
good
neurodevelopment
al outcome
measure by VABS II
score (≥70) or
change in score.
Results: pH 12mo
survival p=0.001
12mo survival VABS
II≥ 70b p=0.128

Blood pH was
associated with 12month survival; Blood
glucose and lactate
concentrations were
associated with 12month survival and 12month survival with
VABS-II greater than or
equal to 70. Children
with blood glucose
greater than or equal to
350 mg/dL (19.4
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Polimenakos
2017 314

Retrospective
observational
N=21

Neonates
with single
ventricle
congenital
heart disease
with cardiac
arrest and
ECPR rescue.

Beshish 2018
665

Retrospective
cohort of
cardiac patients
with ECPR.

Age: 0-18 y
who
underwent ECPR.

N=80
Brooks
2018 324

Retrospective
observational
study
N=41

Age: < 18 y
with cardiac
arrest.

Glucose 12mo
survival p=0.024
12mo survival VABS
II≥ 70b p=0.002
Lactate12-month
survival p<0.001
12-month survival
VABS II≥ 70b
p<0.001.

mmol/L) and/or lactate
greater than or equal to
10 mmol/L had worse
outcomes.

1° endpoint:
Hospital survival
and late survival
(median follow up
22months).
Results:
Serum peak lactate
within 24h of ECPR
associated with
survival (p=0.02).
Survival and change
in functional
outcomes using
Functional Status
Scale (FSS) on
hospital discharge.

Select population of
single ventricle
neonates and ECPR.
Peak lactate level in 1st
24h associated with
outcome.

No association with preand post–E-CPR lactate
levels, duration of CPR,
and duration of ECMO
with the development
of new morbidity or
unfavorable functional
status.
1° endpoint:
Duration of
Evaluation of
cardiopulmonary
association of video resuscitation (p = 0.013),
EEG features and
out-of-hospital arrest
survival with
(p = 0.005), arterial pH
favourable
(0.014), arterial lactate
neurologic outcome (0.004), lack of pupil
(PCPC increase <=1) reactivity to light
or poor (PCPC >=1). (p < 0.001), absent
motor response to
noxious stimuli
(p < 0.001), and absent
brainstem reflexes
(p < 0.001) were all
predictors of poor
neurologic outcome.
EEG background
suppression was
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associated with poor
outcome.
Kramer 2018
113

Retrospective
observational
N=95

Retrospective
neuronspecific
enolase and
S100b

THAPCA Meert
2018 96

Retrospective
analysis of

Age >48 h
and <18 y of
age;

1° endpoint:
Unfavourable
outcome, change in
PCPC >1 on hospital
discharge.
Results:
Significantly higher
levels of both
biomarkers
(neuron-specific
enolase and S100b)
in the unfavourable
outcome group at
designated time
points (neuronspecific enolase at
24, 48, and 72h and
S100b at 12, 24,
and 48h after
cardiac arrest.
Area under the
curve for neuronspecific enolase
were 0.83, 0.80,
and 0.73 at time
points 24, 48, and
72h and 0.87, 0.81,
and 0.82 for S100b
at 12, 24, and 48h
after cardiac arrest,
respectively.
Neuron-specific
enolase
measurement at
24h after cardiac
arrest was an
independent
predictor of
unfavourable
outcome in a
multivariable
analysis.
1° endpoint:
12 months survival
or survival with

Neuron-specific enolase
measurement at 24h
after cardiac arrest was
an independent
predictor of
unfavourable outcome
in a multivariable
analysis.

Lactate remained
independent factor in
multiple logistic
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In-hospital
cardiac arrest
randomized
controlled trial
secondary
analysis.

THAPCA-IH RCT
dataset

Yang 2019 223

Retrospective
Observational

N=329

comatose
and
randomized
into inhospital trial.

Age 1 month18 y; nontraumatic out

good
neurodevelopment
al outcome
measure by VABS II
score or change in
score.
Results:
Univariate analysis.
Lower blood pH,
platelet, and higher
blood lactate, AST,
INR were
associated with
lower frequency of
12months survival,
12 months survival
with VABSII
decrease by 15
points, and 12
months survival
with VABS-II <70.
Multimodal logistic
regression model:
Asystole,
administration of >
4 epinephrine,
doses, higher post
lactate
concentration were
independently
associated with
lower 12 month
survival.
ECMO and higher
blood lactate
associated with
lower 12 months
survival with VABSII
decreased by 15.
Asystole, ECMO
and higher blood
lactate associated
with lower 12
months survival
with VABSII <70.
1° endpoint: Good
neurologic outcome
(PCPC1-3) or poor

regression model for 12
month survival, or 12
month survival with
good outcome.
Blood pH, lactate, AST,
INR, platelet significant
univariate association
with 12 month good
outcome.

Combination of EEG, CT
and Ammonia levels

Downloaded from www.aappublications.org/news by guest on November 18, 2020

Yang 2019 7

N=21 of 203
with out-of
hospital cardiac
arrest.

of hospital
cardiac
arrest.

Retrospective
observational
N=64

Post cardiac
arrest, single
centre with
CT scan
within 24h.

neurologic outcome
(PCPC4-6) assessed
at least 6 months
post arrest.
Results:
Combined model of
EEG background,
grey matter
attenuation ratio
on CT and
ammonia. AUC
0.959 (0.7720.999). Specificity
of 100%
Ammonia alone
AUC 0.88 (0.6740.982) p<0.001.
S-100b median 1.0
(IQR 0.7-1.1) in
good outcome vs
1.3 (IQR 0.8-1.9) in
poor outcome
p=0.19
AST median 70 (42245) vs 238 (128337)p=0.08
ALT median 36 (19218) vs 143 (58201)p=0.13
pH 7.13 (6.95-7.38)
vs 6.8 (6.8-6.85)
p=0.006
Lactate 4.4 (3.513.6) vs 15.0 (11.815.0) p=0.006
Ammonia 83 (68268) vs 422 (236905) p=0.003
1° endpoint:
Survival to hospital
discharge with
good neurological
outcome (PCPC 1-3)
Results:
The multimodal
model (AUC 0.897)
containing GWR of
basal ganglia (BG),

predictive of poor
neurological outcome.
Cutoff value for serum
ammonia of 334 μg/dL
showed specificity of
100%.

Combination of GWRBG, ambient cistern
effacement, and blood
pH was found to
usefully predict
neurological outcome in
children resuscitated
from cardiac arrest.
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ACE, and blood pH
was found to be
superior for
predicting poor
neurologic
prognosis than
single variable
models (AUC of
GWR-BG: 0.744,
ACE: 0.804, pH:
0.747).
Also found on
univariate analysis
that pCO2, AST, ALT
were significantly
associated with
good outcome but
were highly
correlated with pH
so excluded from
model.
S100 was not
associated with
good outcome.
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Consensus on Science 2019
For the critical outcome of survival to 1 year with good neurological outcome, we identified three studies
reporting secondary analyses from the THAPCA trials and one study a secondary analysis of a multinational
observational study).
-In the in-hospital cardiac arrest trial with N=329 subjects (Meert 2018 96), the investigators showed
that the use of extracorporeal membrane oxygenation (ECMO) and higher blood lactate were independently
associated with lower 12-month survival with VABS-II decreased by </=15 points from baseline and with
lower 12-month survival with VABS-II >/=70.
-In the cohort of N=181 combining from both in and out-of-hospital trials survivors who were
examined by a neurologist at 12 months (Ichord 2018), seizure recognition in the early post-arrest period and
poor neurologic status on hospital discharge were associated with poor neurological outcomes as assessed by
the Pediatric Resuscitation after Cardiac Arrest (PRCA) form (6 domains; scores ranged from 0 (no deficits) to
21 (maximal) and Vineland Adaptive Behavior Scales (VABS-II) scores.
-In the out-of-hospital trial cohort of N=295 subjects (Meert 2016 543), the investigators showed that
blood pH, blood glucose, and lactate were associated with 12 month VABS-II score; subjects with higher
glucose values and higher lactate had worse outcomes.
-In the cohort of N=197 (Del Castillo 2015 126), after adjustment lactate at 24h post ROSC was
associated with unfavorable outcome at 1 year (OR 8.532 (1.301–55.944) p = 0.025)).
For the critical outcome of survival to 6 months with good neurological outcome:
- From a prospective cohort study of 43 subjects (Fink 2014 664), neuron specific enolase, S100
beta, myelin basic protein, first pH and serum lactate were all promising predictors of 6-month
survival or 6-month survival with favorable neurologic outcome.
- From a prospective case control study of 19 cardiac arrests subjects with 43 controls, show that
serum UCH-L1 and GFAP measured before 12 hours and on the third day may be promising
markers of 6 month-outcome.
- From a retrospective study with 21 subjects that showed a combination of EEG features, CT
features, and serum ammonia levels had a better area under the curve to predict outcome
compared to individual factors (Yang 2019 223).
For the critical outcome of survival to 180 days with good neurological outcome:
-In one prospective cohort of 14 subjects (Machester 2016) with neuromaging that suggests that
there may be a relationship between global and regional cerebral blood flow and water diffusion on apparent
diffusion coefficient (ADC) on brain MRI within 2 weeks of event and that decreases in global restricted water
diffusion on ADC after cardiac arrest was associated with unfavorable neurologic outcome at 3 and 6 months
using PCPC.
-We identified two studies that evaluated the relationship between features measured on
Transcranial Doppler Ultrasound and outcome at 180 days: a study prospective observational cohort of 26
subjects (Lovett 2018) found not differences between groups assessed at 3 months with GOS-EP (Favorable
≤4 and unfavorable ≥ 5) and from a retrospective study with 17 subjects (Lin 2015) from in and out of hospital
cardiac arrest that showed that reversal of middle cerebral artery diastolic flow or absence of flow was
associated with unfavorable outcome (PCPC 3-4-5) (p=0.03).
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For the important outcome of survival to 1 year, the secondary analysis of the THAPCA in-hospital cardiac
arrest trial with N=329 subjects (Meert 2018) showed that higher post-arrest blood lactate was
independently associated with lower survival at 12 month.
For the important outcome of survival beyond 1 year, we identified one prospective study of 55 subjects
supported with ECPR evaluating the factors associated with 5-year mortality that found that time to
normalizing lactate and lowest first pH were associated with risk of mortality (Guerra 2015 208).
For the important outcome of survival to hospital discharge, the secondary analysis of the THAPCA out-ofhospital trial with N=292 (Topjian 2018) that early hypotension was associated with decreased odds of
survival to hospital discharge (20 of 78 [25.6%] vs 93 of 214 [43.5%]; adjusted odds ratio, 0.39; 95% CI, 0.200.74); in addition the study shows that hypotension was common with 26.7 % having hypotension within 6h
after temperature intervention.
For the important outcome of survival to hospital discharge, we identified:
- one study with imaging and one with neuroimaging: one retrospective study of 58 subjects (Conlon
2015) with imaging following out of hospital cardiac arrest that showed that decreased left ventricle (LV)
systolic function is associated with increased mortality after controlling for defibrillation, vasoactive inotrope
score (VIS) and interaction between VIS and LV systolic function, (adjusted OR 13.7 [95% CI: 1.54, 122]);
- one retrospective study among 78 subjects (Starling 2015) with neuroimaging in out of hospital
cardiac arrest showed that a normal head CT had a sensitivity of 62% and specificity of 90%; positive
predictive value of 86%; negative predictive value 70% for survival to hospital discharge.
For the important outcome of survival to hospital discharge, we identified:
- several studies that evaluated the association between serum lactate or acidosis and mortality on
hospital discharge. These reported an increase in lactate on ECMO was associated with increased odds
of mortality in cardiac patients supported with ECPR (adjusted OR 0.75 (0.60–0.93) p= 0.008 per
mmol/L change) (Alsoufi 2014 268) or in cardiac patients with single ventricles supported with ECPR
(Polimenakos 2017 314); 1 h after return of sustained circulation (ROSC) when lactate greater than >5
mmol/L (adjusted OR 2.021 (0.926 to 4.413) p= 0.077) (Lopez-Herce 2014 607); in a large registry
based study with 827 subjects, greater base deficit on admission to pediatric intensive care unit was
associated with mortality (Scholefield 2015 122);
- a retrospective study with 95 subjects and evaluated neuron specific enolase (NSE) and S100 beta at
24h, 48h, and 72 h, were associated at 24h and 48h with unfavourable outcome after adjusting for
several clinical factors (Kramer 2018 113);
For the important outcome of survival to hospital discharge with good neurological outcome, we
identified:
- one retrospective study among 78 subjects (Starling 2015) with neuroimaging in out of hospital
cardiac arrest showed that a unfavorable neurologic outcome with PCPC was associated with a loss of
gray white matter (GWM) differentiation which had a sensitivity of 65% and specificity 100%; positive
predictive values of loss of GWM, sulcal effacement, and reversal sign were 100%; negative predictive
values were 63%, 51% and 43% respectively; loss of GWM differentiation had an area under the curve
for unfavorable neurologic outcome of 0.82.
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-

-

one retrospective study among 64 subjects (Yang 2019 7) that showed that combining blood pH with
neuroimaging using CT features (grew-white ratio of the basal ganglia, ambient cistern effacement)
had a greater area under the curve than the independent pH or neuroimaging features;
from one retrospective study among 41 subjects (Brooks 2018 324) that showed that arterial pH,
arterial lactate, lack of pupillary response, absent motor response, absent brain stem reflexes, and
absent EEG background activity (among 21 who underwent EEG), were associated to poor outcome.
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