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Ventilation Parameters During Cardiac Arrest in Children (PLS 4120.02, 4080.28)

QUESTION

Should specific ventilation parameters (eg lower rate vs. ventilation with a higher rate) be

used for children receiving assisted ventilation during cardiac arrest?

Children receiving assisted ventilation during cardiac arrest

Ventilation with a specific tidal volume, respiratory rate, inspiratory time, or positive end-
expiratory pressure

Ventilation with a specific tidal volume, respiratory rate, inspiratory time, or positive end-
expiratory pressure

MAIN OUTCOMES:

Any clinical outcome, including but not limited to return of spontaneous circulation (ROSC),
survival and survival with favorable neurologic outcome at discharge, 30 days or longer,
duration of mechanical ventilation, oxygenation, blood gas parameters, progression to ARDS,
barotrauma, ICU and hospital length of stay, with a preference for outcomes listed in the
ILCOR COSCA(7) or P-COSCA

Any setting (in or out of hospital)

no conflicts of interest

ASSESSMENT

Problem
Is the problem a priority?

VUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

0 Probably no
0 Probably yes
® Yes

o Varies

o Don't know

Ventilation delivery during pediatric cardiac arrest
is a core component of high-quality CPR,

yet optimal ventilation

parameters remain uncertain. Existing evidence
shows wide variability in actual ventilation
practice and suggests that ventilation
parameters—including rate, tidal volume, and
interaction with airway strategy—may influence
hemodynamics, gas exchange, ROSC, and survival.
Multiple recent observational studies in

adults demonstrate associations between
ventilation parameters and outcomes, and the
most recent pediatric in-hospital and out-of-
hospital studies (Sutton 2019; Stanton 2025)®

P report that higher delivered ventilation rates are
associated with improved ROSC and survival
outcomes, although certainty is very low. Despite
this, no pediatric randomized trials exist, no
comparative evidence informs tidal volume,
inspiratory time, or PEEP during CPR, and practice

variation remains substantial.

Effective ventilation is essential in
pediatric cardiac arrest given the
predominance of respiratory etiologies.
Suboptimal ventilation (both hypo- and
hyperventilation) has been linked in prior
research to hypotension, impaired gas
exchange, and reduced survival,
underscoring the relevance of this
question for improving CPR quality. The
lack of clear evidence-based targets for
key ventilation parameters creates
uncertainty in clinical practice and
highlights the need for evidence
synthesis.

Given the clinical

importance, observed practice variability,
and emerging but incomplete data, the
Task Force agreed this is a high-priority
area for evaluation.




Desirable Effects

How substantial are the desirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Trivial Observational pediatric data (IHCA and OHCA)

o Small suggest that higher ventilation rates, within or

0 Moderate slightly previous pediatric guideline ranges, are

o Large associated with higher odds of ROSC and survival

o Varies with good neurological outcome (Sutton 2019;

e Don't know Stanton 2025). Adult observational studies and

small RCTs also suggest that avoiding marked
hypoventilation may improve gas exchange,
hemodynamics, and survival. However, all
pediatric data are observational, sample sizes are
small, and estimates are imprecise, so

the magnitude of benefit is very uncertain.

Undesirable Effects
How substantial are the undesirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Large Hyperventilation during CPR can decrease

0 Moderate coronary and cerebral perfusion, lower arterial

o Small pressure, increase intrathoracic pressure, and

o Trivial potentially cause dynamic hyperinflation and

o Varies barotrauma. These harms are well described

e Don't know physiologically and in adult

experimental/observational work, but there are
limited pediatric data directly quantifying these
adverse effects. The Good Practice Statement
emphasizes measuring ventilation rate and
adequacy of tidal volume delivery and avoiding
hypoventilation. Overall, the potential for
physiologic harm is recognized but

its magnitude remains uncertain.

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

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Very low The pediatric evidence consists of two

o Low observational studies (one IHCA, one OHCA)

0 Moderate evaluating ventilation rate during CPR, both at

o High serious risk of bias, with indirectness (restricted

o No included studies [settings, advanced airway, specific monitoring)
and imprecision due to small sample sizes. Adult
data come from heterogeneous observational
studies and small RCTs with similar concerns
about risk of bias, inconsistency, and indirectness
for pediatric practice. No pediatric comparative
trials address tidal volume, inspiratory time, or
PEEP. The TF therefore rated overall certainty

as very low.

Values

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



no important
uncertainty or
variability

0 No important
uncertainty or
variability

significant disability versus death, but this is
unlikely to materially affect decisions about
ventilation parameters during CPR.

Balance of effects

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

VUDGEMENT

RESEARCH EVIDENCE

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
O Important The main outcomes—ROSC, survival, and survival

uncertainty or with favorable neurological outcome—are

variability universally regarded as critically important by

0 Possibly patients, families, and clinicians. These outcomes

important uncertaintylalign with P-COSCA core outcomes and existing

or variability ILCOR priorities. There may be some variation in

® Probably the relative importance placed on survival with

ADDITIONAL CONSIDERATIONS

o Favors the
comparison

o Probably favors the
comparison

0 Does not favor
either the
intervention or the
comparison

e Probably favors the
intervention

o Favors the
intervention

o Varies

o Don't know

VUDGEMENT

Physiologic reasoning and available pediatric data
suggest that avoiding hypoventilation is
beneficial. Observational pediatric studies show
associations between higher delivered ventilation
rates and improved ROSC and survival. Given very
low certainty evidence and lack of evidence to
define an upper limit for ventilation rate, the Task
Force issued 2 Good Practice Statements focused
on reasonable ventilation rate targets by

age, ensuring measurement of ventilation rate
and adequacy of tidal volume delivery, and
avoiding hypoventilation.

Resources required

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

O Large costs

0 Moderate costs

e Negligible costs and
savings

0 Moderate savings
O Large savings

o Varies

o Don't know

Certainty of evidence of required resources

Delivering ventilation to achieve reasonable
ventilation rate targets in children with an
advanced airway relies primarily on provider
technique and training,

not additional consumables. Measuring
ventilation rate and adequacy of tidal volume
delivery (e.g., waveform capnography,
ventilator measures and impedance) may require
equipment that is not universally available,
particularly in low-resource systems, but these
tools are already in use in many pediatric
resuscitation settings. Overall, resource
implications are modest compared with other

critical care interventions.




What is the certainty of the evidence of resource requirements (costs)?

VUDGEMENT

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

on monitored ventilation parameters could widen
perceived gaps between guideline
recommendations and what is feasible,
potentially impacting equity. However, the Good
Practice Statement focuses on avoiding obvious
hypoventilation rather than mandating specific
technology, which may mitigate inequity. The
overall impact on equity is therefore uncertain.

RESEARCH EVIDENCE

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Very low In well-resourced systems, implementing the

o Low suggested ventilation rates and monitoring may

0 Moderate be straightforward and could improve the quality

o High of CPR. In low-resource settings where advanced

e No included @irways and capnography are not consistently

studies available, strict emphasis

ADDITIONAL CONSIDERATIONS

o Favors the
comparison

0 Probably favors the
comparison

o Does not favor
either the
intervention or the
comparison

o Probably favors the
intervention

o Favors the
intervention

o Varies

e No included
studies

Equity

VUDGEMENT

No studies were identified that directly evaluate
the cost-effectiveness of specific ventilation
parameters during pediatric cardiac arrest.
Delivering ventilation to achieve reasonable
ventilation rate targets with an advanced airway
does not require additional consumables and
can generally be implemented with existing
equipment and personnel. Measuring ventilation
adequacy (e.g., capnography or ventilator
parameters or impedance measures) may add
cost in systems where such tools are not already
available, but these technologies are commonly
used in many resuscitation settings and serve
broader purposes beyond ventilation rate
guidance. Because no formal economic
evaluations exist and resource implications vary
widely across settings, the overall cost-
effectiveness of the intervention is uncertain.

What would be the impact on health equity?

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Reduced

o Probably reduced
0 Probably no impact
o Probably increased
o Increased

o Varies

e Don't know

In well-resourced systems, implementing the
suggested ventilation rates and monitoring may
be straightforward and could improve the quality
of CPR. In low-resource settings where advanced
@irways and capnography are not consistently
available, strict emphasis

on monitored ventilation parameters could widen
perceived gaps between guideline
recommendations and what is feasible,

potentially impacting equity. However, the Good




Acceptability

Is the intervention acc
VUDGEMENT

Practice Statement focuses on avoiding obvious
hypoventilation rather than mandating specific
technology, which may mitigate inequity. The

overall impact on equity is therefore uncertain.

eptable to key interest-holders?

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

0 Probably no
® Probably yes
o Yes

O Varies

o Don't know

The recommended ventilation rate targets are
consistent with current pediatric resuscitation
guidelines and with current practice in many
systems. It is unlikely to conflict with patient or
family values and is generally supported by
clinicians who recognize the risks of both under-
and over-ventilation during CPR. Emphasis on
monitoring and avoiding extremes aligns with
quality-improvement initiatives and is therefore
likely acceptable to resuscitation teams and

Feasibility
Is the intervention fea
UUDGEMENT

guideline developers.

sible to implement?
RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

o Varies

o Don't know

IAchieving reasonable ventilation rate targets in
children with an advanced airway

is feasible with appropriate training, team
coordination, and the use of simple timing aids
(e.g., metronomes or ventilator settings). Many
systems already track ventilation performance
using waveform capnography, ventilator
readouts, or other monitoring tools, which

can facilitate measurement of ventilation rate and
adequacy of tidal volume delivery. However,
consistent implementation may be challenging in
crowded or low-resource environments, or where
providers are unfamiliar with age-based
ventilation targets or lack access to real-

time measures. Overall, the Task Force judged the
Good Practice Statements to be feasible to
implement across most resuscitation settings,
while acknowledging variability in resources and

practice.

SUMMARY OF

PROBLEM

JUDGEMENTS

JUDGEMENT

DESIRABLE
EFFECTS

Don't know

UNDESIRABLE

EFFECTS

Don't know




CERTAINTY OF Very low
EVIDENCE i
Probably
no important
VALUES .
uncertainty or
variability
snavce o oy
EFFECTS R .
intervention
RESOURCES Negligible costs
REQUIRED and savings
CERTAINTY OF
EVIDENCE OF No included
REQUIRED studies
RESOURCES
COST No included
EFFECTIVENESS studies
EQUITY Don't know
ACCEPTABILITY Probably yes
FEASIBILITY Probably yes
TYPE OF RECOMMENDATION
Strong recommendation Conditional Conditional Conditional Strong recommendation for|

against the intervention

recommendation against
the intervention

o

recommendation for either
the intervention or the
comparison

O

recommendation for the
intervention

CONCLUSIONS

the intervention

Good Practice Statements

For children in cardiac arrest with an advanced airway, it is reasonable to target a ventilation rate
consistent with age-related physiological normal values (good practice statement).

It is reasonable to measure ventilation rate and adequacy of tidal volume delivery and avoid hypoventilation (Good

Practice Statement).

There is currently no evidence to make a treatment recommendation on the upper limit for ventilation rate, tidal
volume delivery, inspiratory time or positive end-expiratory pressure during cardiac arrest in children.



e This topic was prioritized by the BLS, ALS, and PLS Task Forces as a nodal review based on
multiple recent observational studies9, 10 demonstrating association between ventilation
parameters and outcomes as well as several small randomized trials.

e Ventilation during cardiac arrest encompasses multiple components including rate, volume, and
monitoring, as well as airway devices, feedback, and integration with chest compressions.

e The previous ILCOR systematic review on pediatric ventilation rates performed in 202415 did

not identify any pediatric comparative studies evaluating specific ventilation rates, and therefore no
direct pediatric evidence was available to guide rate recommendations.

e The Task Force discussed that this systematic review differed from earlier work in that it was now
possible to include two pediatric observational studies6, 7, providing the first comparative pediatric
data evaluating ventilation rate during cardiac arrest. In the prior review, these data could only be
considered indirect, and treatment recommendations were based largely on adult evidence and
physiologic rationale. Despite the addition of these studies, the Task Force noted that the certainty of
evidence remains very low, derived exclusively from pediatric in-hospital settings with an advanced
airway and capnography in place.

e The Task Force further discussed that the ventilation rates associated with improved outcomes in
Sutton 20196 were inferred from spline-based analyses rather than from prespecified, randomized
comparisons. The cubic spline analysis suggested stable survival between 25 and 35 breaths/min for
children older than 1 year of age and between 30 to 50 breaths/min for children younger than 1 year
old, the actual ventilation rates delivered in practice were frequently even higher, and the study
design did not allow determination of a causal or optimal target for ventilation rates.

e While this analysis provides helpful physiologic and observational context, it remains exploratory
and should not be interpreted as defining an optimal ventilation threshold. However, when
considered together with the more recent out-of-hospital evidence7, which similarly observed higher
mean ventilation rates among children who achieved ROSC albeit the breaths per minute rate were
much lower, the Task Force supports the overall conclusion that higher—rather than lower—
ventilation rates were associated with improved outcomes in the available pediatric data, although
certainty remains very low.

e Because of these limitations, the PLS Task Force agreed that the evidence remained too indirect
to establish an optimal ventilation rate in children, and that no comparative pediatric data exist to
inform ventilation rate in out-of-hospital arrest or in non-intubated patients. No pediatric studies
have evaluated optimal tidal volume delivery or PEEP during CPR.

e The use of the adult algorithm measuring ventilation using ETCO2 waveform capnography needs
validation in pediatric patients. The study by Stanton 20257 suggested it

was feasible to use, however ventilation rates observed in the study fall well below rates associated
with the best outcomes.

Subgroup considerations

Age groups (infants vs. older children):

Pediatric ventilation physiology varies substantially by age. Infants have higher baseline metabolic and minute
ventilation requirements, lower functional residual capacity, and are more sensitive to hypoventilation. Sutton et
al. stratified ventilation thresholds by age (<1 year vs >1 year), and both age groups showed an association
between higher delivered ventilation rates and improved outcomes..

Etiology of arrest (respiratory vs. cardiac):

Children with respiratory etiologies (e.g., asphyxia, drowning, bronchiolitis) may benefit more from avoiding
hypoventilation, whereas children with primary cardiac etiologies may be more susceptible to the hemodynamic
consequences of hyperventilation. Neither available pediatric study provides data stratified by etiology, so the Task
Force could not make etiology-specific recommendations.

Setting (IHCA vs. OHCA):

IHCA (Sutton 2019) and OHCA (Stanton 2025) studies both show directionally similar associations between higher
delivered ventilation rates and better outcomes, but absolute ventilation performance and monitoring capabilities



differ across settings. OHCA care may be subject to more variability in provider experience and competence

in airway management, limiting generalizability across settings.

Airway strategy (ETT vs. SGA vs. BMV):

The pediatric evidence informing the recommendation is limited to patients with advanced airways (almost
entirely ETT or SGA). No comparative data exist for bag-mask ventilation or for comparing airway strategies.
Therefore, the TF cannot assume similar ventilation dynamics or benefits in non-intubated patients.

Monitoring availability:

Both pediatric studies derived ventilation rates from post-hoc analysis of continuous physiologic waveforms, using
quantitative capnography to identify ventilations in both the in-hospital study (Sutton et al.) and the
out-of-hospital study (Stanton et al.). In Sutton et al., thoracic impedance—based respiratory plethysmography was
used only as a supporting signal to identify periods of active chest compressions and pause time, not to count
ventilations. Systems without continuous waveform capture may exhibit greater variability in delivered ventilation
rates, limiting the generalizability of these associations.

Comorbidities / pre-arrest physiology:

Children with chronic lung disease (e.g., prematurity complications, neuromuscular weakness) may have

different optimal ventilation parameters, but no study provided subgroup analyses by comorbidity.

Implementation considerations

Implementing reasonable ventilation rate targets for children with an advanced airway during CPR requires
attention to training, team coordination, and monitoring. Achieving consistent ventilation delivery can be
challenging in high-stress resuscitation environments, particularly where multiple providers rotate through airway
or ventilation roles. Systems that already use waveform capnography or ventilator-based monitoring may find
implementation straightforward, as these tools provide real-time feedback on ventilation rate and adequacy of
tidal volume delivery. In settings without continuous monitoring, simple aids such as metronomes, timed verbal
cues, or structured role assignment may help avoid hypoventilation.

Because the evidence informing this recommendation was derived entirely from children with advanced airways
and real-time ventilation monitoring, implementation may be more variable where supraglottic airways or bag-
mask ventilation are used. Additional emphasis on training in pediatric airway management, ventilation timing,
and minimizing excessive ventilation pressures is important in these contexts.

EMS systems and hospitals should consider incorporating ventilation rate targets into pediatric resuscitation
checklists, cognitive aids, and debriefing tools. Integration of ventilation monitoring into quality-improvement
programs (e.g., defibrillator downloads, capnography review) may support consistent performance. As equipment
availability and staffing vary across settings, flexibility is needed to adapt implementation strategies to local
resources. The recommendation does not mandate new technology and can be operationalized with existing
equipment, but systems lacking ventilation feedback tools may benefit from investing in low-cost solutions to
support correct ventilation delivery.

Monitoring and evaluation

Monitoring ventilation quality during pediatric CPR is essential to support delivery of reasonable ventilation rate
targets and to avoid hypoventilation. Systems should track ventilation rate and adequacy using available
monitoring tools, such as waveform capnography, ventilator-derived respiratory rates, or impedance-based
measurements. When real-time monitoring tools are unavailable, post-event review of resuscitation records,
monitor/defibrillator downloads, or capnography waveforms can provide valuable information on achieved
ventilation performance.
Key indicators for monitoring include:

e Delivered ventilation rate (breaths per minute), ideally captured continuously

e Variability in ventilation rate across the resuscitation

e Availability and use of ventilation monitoring tools (e.g., capnography)

e Airway strategy used and its influence on ventilation performance

e Team adherence to assigned ventilation roles during resuscitation

e Post-event debrief data, including ventilation trends in relation to hemodynamics and EtCO,
Programs with established CPR quality-improvement systems may incorporate these indicators into routine case
reviews, debriefings, and performance dashboards. Pediatric-specific feedback, focused team training,



and tracking of improvement over time can help reinforce correct ventilation delivery. As new evidence emerges,
ongoing evaluation of clinical outcomes—especially ROSC, survival, and neurological outcome on discharge—will
be important to assess the impact of ventilation practices and guide future refinements of recommendations.

Research priorities

On the basis of the identified knowledge gaps, the Task Force highlighted the following research priorities:

1. Define optimal ventilation rate targets in pediatric cardiac arrest.
e Conduct prospective observational studies and randomized or cluster-randomized trials
comparing different ventilation rate ranges in infants and children, both in-hospital and out-of-
hospital.
e Include both advanced airway and non-intubated patients (bag-mask ventilation, supraglottic
airway) and report core outcomes (ROSC, survival, neurological outcome at hospital discharge).
2. Evaluate the delivery of tidal volume, inspiratory pressure, and PEEP during pediatric CPR.
e  Perform physiologic and clinical studies that compare different tidal volume delivery and PEEP
strategies, including minute ventilation targets, and examine their effects on oxygenation,
hemodynamics, lung injury, and longer-term outcomes.
e Integrate continuous monitoring (e.g., capnography, airway pressure, blood gases,
thoracic impedence) to understand mechanisms.
3. Characterize the physiologic consequences of hypo- and hyperventilation.
e Undertake detailed physiologic studies (clinical and, where necessary, translational) to describe
how different ventilation patterns during CPR affect PaCO,, PaO,, pH, cerebral perfusion, coronary
perfusion, and blood pressure in children.
e Link these physiologic changes to short- and long-term clinical outcomes.
e Develop etiology-specific ventilation strategies.
4. Design studies that stratify or randomize patients according to arrest etiology (e.g., primary respiratory failure,
cardiac etiology, drowning, pulmonary injury) to determine whether optimal ventilation targets differ by cause.
e Explore whether etiology-specific protocols improve outcomes compared with a uniform
ventilation strategy.
Clarify the interaction between airway strategy and optimal ventilation parameters.5. Compare ventilation
performance and outcomes across airway approaches (bag-mask ventilation, supraglottic airway, endotracheal
intubation) using standardized measurement of rate, volume delivery, and pressures.
o Determine whether recommended ventilation targets should differ according to airway type,
and evaluate the role of feedback technologies across these strategies.
e Conduct adequately powered pediatric trials and high-quality prospective studies.
6. Prioritize large, multicenter pediatric studies—including randomized or pragmatic trials—of ventilation
strategies during cardiac arrest with neurologically-intact survival as a primary outcome.
e Embed ventilation monitoring and feedback into cardiac arrest registries and quality-
improvement programs to support learning health-system approaches and enable future trials.
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Intramuscular Epinephrine During Cardiac Arrest in Children (PLS 4090.05)

QUESTION
Should IM epinephrine vs. IV or 10 or be used for cardiac arrest? (PLS 4090.05)

Children in cardiac arrest in any setting

Intramuscular (IM) route of epinephrine administration
IV/10 administration

Patient outcomes — ROSC (important), survival and survival with favorable neurologic outcome at
any time point (critical).

Process outcomes - administration of epinephrine, time to epinephrine, and accuracy of dosing
all settings

anice Tijssen published previous studies on intramuscular epinephrine and is funded for a trial
on IM Epinephrine.

ASSESSMENT

Is the problem a priority?

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o No Studying new interventions for cardiac arrest is essential because

0 Probably no it is a common and life-threatening emergency with persistently

0 Probably yes poor survival and neurological outcomes, and only through

® Yes developing, testing, and refining innovative strategies can we

o Varies meaningfully improve the chances of saving lives.

o Don't know

Desirable Effects

How substantial are the desirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Trivial In the management of cardiac arrest, earlier epinephrine is
e Small associated with improved clinical outcomes. Meanwhile,
0 Moderate administration of epinephrine by IV and 10 routes has its
o Large challenges. IM epinephrine may be a more efficient route of
o Varies administration of epinephrine. However, response to early
o Don't know epinephrine likely will be associated with etiology of arrest,
duration of arrest, comorbidities, quality of CPR, etc. From a
population perspective, the impact may be small.

Undesirable Effects

How substantial are the undesirable anticipated effects?
UDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS




o Large IM epinephrine safety has been demonstrated through millions

0 Moderate of administrations in the setting of anaphylaxis. The doses used
o Small in adult OHCA are approximately 10 times greater and may pose
o Trivial a greater risk of necrosis. The risk of local infection is likely

o Varies no greater than with an autoinjector for anaphylaxis- which is

e Don't know exceedingly rare. There are no safety studies of IM epinephrine

in cardiac arrest. There is a potential for harm by detracting from
standard of care, and by having 2 different concentrations of

epinephrine for one clinical condition (1:1000 for IM epinephrine
and 1:10,000 for IV/IO epinephrine).

Certainty of evidence

What is the overall certainty of the evidence of effects?
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o Very low There are no pediatric studies of IM epinephrine in cardiac
o Low arrest.

0 Moderate
o High

e No included
studies

Values

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

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Important There is no pediatric evidence, but if there were outcomes to

uncertainty or measure, there would be no uncertainty about the value of P-

variability COSCA outcomes.

0 Possibly

important uncertainty

or variability

o Probably

no important
uncertainty or
variability

e No important
uncertainty or
variability

Balance of effects

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




o Favors the
comparison

o Probably favors the
comparison

0 Does not favor
either the
intervention or the
comparison

0 Probably favors the
intervention

o Favors the
intervention

o Varies

e Don't know

Acceptability
Is the intervention acc
UUDGEMENT

There is no pediatric evidence.

eptable to key interest-holders?
RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o No

0 Probably no
® Probably yes
o Yes

o Varies

o Don't know

There is no evidence, but IM epinephrine is an acceptable
therapy in anaphylaxis.

Feasibility

Is the intervention fea
IUDGEMENT

sible to implement?
RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o No

0 Probably no
® Probably yes
o Yes

o Varies

0 Don't know

There are no dosing studies of IM epinephrine in cardiac arrest,
but pediatric epinephrine dosing is based on weight and thus
cannot be prepared until a patient's weight is known. Currently,
there are no commercially available prefilled syringes of 1:1000
epinephrine concentration (for greater than 0.3mg in an
autoinjector). In a simulation study, the time required to prepare
a syringe of 1:1000 epinephrine was equivalent to the

time required to insert an IV or 10. However, the stability,
sterility, and potency of pre-filled plastic epinephrine

syringes have not been evaluated for durations of > 3 months.
Thus, for pediatric dosing of 1:1000 epinephrine for cardiac
arrest, there are feasibility concerns.

SUMMARY OF

PROBLEM

JUDGEMENTS

JUDGEMENT




DESIRABLE small

EFFECTS
UNDESIRABLE .

EFFECTS Don't know
CERTAINTY OF No included

EVIDENCE studies
No
VALUES important
uncertainty
or variability

BALANCE OF .

EFFECTS Don't know

ACCEPTABILITY Probably yes
FEASIBILITY Probably yes
TYPE OF RECOMMENDATION
Strong recommendation Conditional Conditional Conditional Strong recommendation for
against the intervention recommendation against |recommendation for either | recommendation for the the intervention
the intervention the intervention or the intervention
comparison
O O @] O O

CONCLUSIONS

Recommendation

There is insufficient pediatric evidence to recommend adding intra-arrest intramuscular (IM) epinephrine to
standard resuscitation care for cardiac arrest in children.
ustification

The TF recognized that intramuscular epinephrine is an interesting area of research. In the management of cardiac
arrest, earlier epinephrine is associated with improved clinical outcomes. Meanwhile, administration of
epinephrine by IV and 10 routes has its challenges. IM epinephrine may be a more efficient route of administration
of epinephrine but it may also lead to suboptimal effects. Adult and animal studies were included in the SR for
comprehensiveness but the results these should be interpreted with caution. The task force explicitly refrained
from using adult-derived indirect evidence for many paediatric recommendations because of fundamental
differences in arrest aetiology. Animal studies often fail to integrate standard of care post-arrest therapies and do
not report neurological outcomes. In addition, time to drug administration in animals does not reflect the human
clinical experience, where epinephrine administration is often delayed compared to animal studies.

Subgroup considerations

No subgroup data available

Implementation considerations



There are no dosing studies of IM epinephrine in cardiac arrest, but pediatric epinephrine dosing is based on
weight and thus cannot be prepared until a patient's weight is known. Currently, there are no commercially
available prefilled syringes of 1:1000 epinephrine concentration (for greater than 0.3mg in an autoinjector). In a
simulation study, the time required to prepare a syringe of 1:1000 epinephrine was equivalent to the

time required to insert an IV or 10. However, the stability, sterility, and potency of pre-filled plastic epinephrine
syringes has not been evaluated for durations of > 3 months. Thus, for pediatric dosing of 1:1000 epinephrine for
cardiac arrest, there are feasibility concerns.

Monitoring and evaluation

Research priorities

There are no pediatric studies evaluating intramuscular epinephrine in cardiac arrest. The TF suggests that

there is sufficient biological plausibility and equipoise for this therapy to warrant human pediatric trials. Future
studies should evaluate IM epinephrine compared to no epinephrine (e.g., in low resourced settings), in addition to
IM epinephrine compared to IV/10 epinephrine, in children with cardiac arrest.

There are no dosing studies of IM epinephrine in cardiac arrest. Future studies should evaluate the
pharmacokinetic profile of IM epinephrine in cardiac arrest to inform dosing.

There are no safety studies of IM epinephrine in cardiac arrest. There is a potential for harm by detracting from
standard of care, and by having 2 different concentrations of epinephrine for one clinical condition (1mg/ml
[1:1000] for IM epinephrine vs 0.1mg/ml [1:10,000] for IV/IO epinephrine).
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Vasopressor Use During Cardiac Arrest in Children (PLS 4080.21)

QUESTION

Should Vasopressor vs No vasopressor be used for children during cardiac arrest?
Infants and children (excluding newborns) in cardiac arrest who received chest compressions in
any setting

BNANny use of vasopressors (epinephrine, vasopressin, or combination of vasopressors)

No vasopressor use

Critical clinical outcomes, including short-term survival and neurological outcomes (e.g.,
hospital discharge, 28 days, 30 days, and 1 month), and long-term survival and neurological
outcomes (e.g., 3 months, 6 months, and 1 year) as per Pediatric Core Outcome Set for Cardiac
Arrest

Any setting (in-hospital or out-of-hospital)

Despite being a cornerstone of advanced life support protocols in children, the efficacy of
vasopressors in improving survival and neurological outcomes is unclear.

CONFLICT OF None
INTERESTS:

ASSESSMENT
Problem

Is the problem a priority?
JUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o No Administration of epinephrine in paediatric cardiac arrest has been

o Probably no  [traditionally taught as a fundamental part of advanced life support

o Probably yes [despite a lack of evidence that it improves patient-centered outcomes
® Yes such as long-term neurological outcomes.

o Varies

o Don't know

Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Trivial The search strategy identified 954 unique records, of which 21 were  |A randomized trial of

o Small selected for full-text review. Of these, 5 satisfied all inclusion and epinephrine in out-of-

0 Moderate exclusion criteria. hospital cardiac arrest in
® Large Two papers were pre-hospital retrospective, propensity-score matched |adults highlighted the lack
o Varies cohort studies (Amoako 2023®, Matsuyama 2020@). The two studies  |of overall improvement in
o Don't know provided low certainty of evidence for the critical outcomes neurologically intact

(downgraded for serious risk of bias and serious indirectness) and very |[survival in the
low certainty of evidence for the important outcomes (downgraded for [epinephrine group.
serious risk of bias, very serious inconsistency, and serious




indirectness). The remaining three observational studies (Banerjee
2020, Rodriguez-

Nufiez 2006, Dieckmann 1995)¢ did not adjust for epinephrine
@dministration in their analyses and therefore excluded from the meta-
analysis. No RCTs were identified.

\While survival to hospital discharge is highly desirable, further studies
are needed to evaluate long term neurological outcomes of pre-
hospital administration of epinephrine for paediatric out-of-hospital
cardiac arrest. These patient-centered clinical outcomes should be
studied.
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Undesirable Effects

How substantial are the undesirable anticipated effects?
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o Don't know

These advanced interventions should be evaluated against other
priorities of healthcare systems in committing significant resources to
implement pre-hospital administration of adrenaline/epinephrine

in paediatric cardiac arrest, especially in resource-limited settings.

The 2 studies included for meta-analysis were from advanced EMS
systems that could provide pre-hospital advanced paediatric life
support.

JUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Trivial \While there are no direct undesirable anticipated effects that were There are some potential
o Small reported in the included studies, the resources that may be needed for [drawbacks in epinephrine
0 Moderate additional equipment, training and maintenance of skillsets of EMS administration in an out-

o Large personnel to enable the administration of adrenaline/epinephrine of-hospital setting. A

® Varies in paediatric out-of-hospital cardiac arrests may be substantial. recent cohort study

highlighted that among
pediatric out-of-hospital
cardiac arrest treated by
emergency medical
service in the United
States, there was at least
one severe adverse safety
event (eg, failure to give

an indicated medication,




What is the overa

Certainty of evidence

Il certainty of the evidence of effects?

10-fold medication
overdose) occurred in
610/1019 (60%) patients,
and 310/1019 (30%)
patients had 2 or more
adverse events. The only
factor associated

with severe adverse
safety events was young
age.

A randomized trial of
epinephrine in out-of-
hospital cardiac arrest in
adults demonstrated that
administration of
epinephrine increased 30-
day survival rates,
although a larger
proportion of patients in
the epinephrine group
were more significantly
neurologically impaired.

However, there were significant limitations in the studies. While both
retrospective studies were propensity score matched and statistical
adjustments were made to account for potential confounders in both
studies, the cohorts that received epinephrine pre-hospital versus
those who did not within the same EMS systems could still be

Values

inherently different.

JUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Very low Based on the 2 propensity-score matched studies included for meta-

® Low analysis, the use of epinephrine in the out-of-hospital setting

0 Moderate did demonstrate an improved ROSC rate (Amoako 2023, Matsuyama

o High 2020) and survival to hospital discharge in only 1 study (Amoako

o Noincluded  [2023).

studies

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

no important

uncertainty or

JUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Important There is no uncertainty or variability in using mortality (survival to For existing systems that
uncertainty or  |hospital discharge) as a valued clinical outcome. However, patient- have EMS can provide
variability centered clinical outcomes such as long-term neurological function advanced paediatric life
0 Possibly were not evaluated. support

important uncert for paediatric out-of-
Qinty or hospital cardiac arrest,
variability longitudinal evaluation of
o Probably the outcomes of

administration of

adrenaline/epinephrine




variability

e No important
uncertainty or
variability

Does the balance
JUDGEMENT

Balance of effects

between desirable and undesirable effects favor the intervention or the
RESEARCH EVIDENCE

to improve patient-
centred clinical outcomes
such as long-term
neurological outcomes
are needed.

comparison?
IADDITIONAL CONSIDERATIONS

o Favors the
comparison

o Probably
favors the
comparison

o Does not favor
either the
intervention or
the comparison
® Probably
favors the
intervention

o Favors the
intervention

o Varies

o Don't know

JUDGEMENT

The evidence is supportive of the administration of epinephrine

in paediatric out-of-hospital cardiac arrest to significantly improve
ROSC rates and probably short-term mortality outcomes.

In any healthcare system that has advanced EMS life support teams
that are trained and have the necessary resources to administer
epinephrine for paediatric cardiac arrest patients in the out-of-hospital
setting, these would likely result in similar clinical outcomes.

Future specific research will need to focus on the prospective
evaluation of mature EMS systems that are already able to provide
advanced life support to paediatric cardiac arrest patients in the pre-
hospital setting to evaluate patient-centric clinical outcomes, especially
long-term neurological outcomes, with the use of the administration of
adrenaline/epinephrine.

Resources required

RESEARCH EVIDENCE

Our task force reaffirms
that in mature EMS
systems that can provide
advanced paediatric life
support, the
administration of
epinephrine

in paediatric out-of-
hospital cardiac arrests is
still recommended.

The cost-effectiveness of
healthcare systems
committing significant
resources to train

and maintain skillsets
in developing EMS
systems or in resource-
limited settings, so that
EMS personnel may be
able to obtain vascular
access for the
administration of
epinephrine in the pre-
hospital setting, is still
unknown.

IADDITIONAL CONSIDERATIONS

O Large costs

0 Moderate
costs

o Negligible costs
and savings

0 Moderate
savings

O Large savings

® Varies

o Don't know

There is a paucity of studies looking at resources required to

train, maintain skillsets, and provide the necessary equipment and
drugs needed for EMS systems to administer epinephrine

in paediatric out-of-hospital cardiac arrests.

There are no studies looking at the health economic impact and
benefits of EMS to be able to deliver vasopressors in paediatric out-of-
hospital cardiac arrests in resource-rich healthcare systems, but also in
resource-limited countries.

However, the resources needed are likely to be substantial in
developing EMS systems while probably not significant in mature EMS

systems that currently provide advanced paediatric life support.

Certainty of evidence of required resources

What is the certai

nty of the evidence of resource requirements (costs)?
RESEARCH EVIDENCE

The advocacy to
administer
adrenaline/epinephrine in
pediatric out-of-hospital
cardiac arrests should
consider additional trainin
g and resources in
different healthcare
settings to provide these
advanced life support

measures.

ADDITIONAL CONSIDERATIONS




o Very low

o Low

o Moderate
o High

e No included
studies

It is of note that these 2 propensity-score matched studies were from
healthcare settings with advanced EMS systems.

There were no studies identified that evaluated the

resources required to train, maintain skillsets, and provide the
necessary equipment and drugs needed for EMS systems to administer
epinephrine in paediatric out-of-hospital cardiac arrests.

Cost effectiveness

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

JUDGEMENT

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o Favors the
comparison

o Probably
favors the
comparison

o Does not favor
either the
intervention or
the comparison
o Probably
favors the
intervention

o Favors the
intervention

® Varies

o No included
studies

Equity

There were no studies identified that evaluated the cost-effectiveness
of EMS systems having EMS personnel sufficiently trained and
resources allocated to enable the provision of advanced paediatric life
support to administer epinephrine in the out-of-hospital setting versus
not having one is unknown.

What would be the impact on health equity?

e Don't know

JUDGEMENT

JUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Reduced There were no studies identified that looked directly at the health-

o Probably economic impact and benefits of EMS to be able to deliver

reduced vasopressors in paediatric out-of-hospital cardiac arrests in all settings,

o Probably including in resource-limited countries.

no impact

© Probably Further studies should look not only at resource-rich healthcare

increased institutions but also in healthcare institutions from resource-limited

o Increased countries. When powered with more analyzable data, these should be

o Varies stratified by resource availability e.g. Gross National Income or

Sociodemographic Index status of the country.

Acceptability
Is the intervention acceptable to key stakeholders?

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o No
0 Probably no
0 Probably yes

The administration of epinephrine improved ROSC rates in advanced
EMS systems that can or already provide advanced paediatric life

support in paediatric out-of-hospital cardiac arrest.




® Yes
o Varies
o Don't know

Feasibility

JUDGEMENT

In developing EMS systems or healthcare settings with significant
resource limitations, the feasibility of administrating epinephrine

in paediatric out-of-hospital cardiac arrests is unknown due to a lack of
studies on its cost-effectiveness.

Is the intervention feasible to implement?

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o No

o Probably no
o Probably yes
® Yes

o Varies

o Don't know

In advanced EMS systems that can provide advanced paediatric life
support for paediatric out-of-hospital cardiac arrests, the evidence
suggests that administration of epinephrine improved outcomes of
ROSC and survival to hospital discharge; favoring the intervention.

In developing EMS systems or countries with significant resource
limitations, the feasibility of administrating epinephrine
in paediatric out-of-hospital cardiac arrests is unknown due to a lack of

studies.

SUMMARY OF JUDGEMENTS

PROBLEM
DESIRABLE
EFFECTS
UNDESIRABLE
EFFECTS
CERTAINTY OF
EVIDENCE

VALUES

BALANCE OF
EFFECTS

RESOURCES
REQUIRED

CERTAINTY OF
EVIDENCE OF
REQUIRED
RESOURCES

COST
EFFECTIVENESS

JUDGEMENT

Yes

Large

Varies

Low

No
important
uncertainty
or variability

Probably
favors the
intervention

Varies

No included
studies

Varies




EQUITY Don't know

ACCEPTABILITY Yes
FEASIBILITY Yes

TYPE OF RECOMMENDATION
Strong recommendation Conditional Conditional Conditional Strong recommendation for
against the intervention recommendation against |recommendation for either | recommendation for the the intervention
the intervention the intervention or the intervention
comparison
o o O ° o
CONCLUSIONS

Recommendation

We suggest the use of epinephrine in pediatric out-of-hospital cardiac arrest (weak recommendation, very low-
certainty evidence).
We suggest the use of epinephrine in pediatric in-hospital cardiac arrest (Good Practice Statement).

While there is limited evidence in paediatric out-of-hospital cardiac arrest, administration of epinephrine did
improve ROSC and survival to hospital discharge. While there was no data available for the IHCA setting, the Task
Force considered that the OHCA data should be used as indirect evidence.

There is a paucity of studies looking at patient-centered clinical outcomes, such as long-term neurological
outcomes. Administering epinephrine in paediatric out-of-hospital cardiac arrest would be justifiable in existing
EMS systems that provide advanced paediatric life support.

There is a paucity of studies looking at resources required to train, maintain skillsets, and provide the necessary
equipment for EMS systems to administer epinephrine in paediatric out-of-hospital cardiac arrests. Future studies
should be undertaken to evaluate the ability of EMS systems to provide advanced care in paediatric out-of-hospital
cardiac arrest, to better inform equity issues of such systems in both resource-rich healthcare but also in resource-
limited countries.

Subgroup considerations

- Age-subgroups: infants, children and adolescents in out-of-hospital cardiac arrest
- Early versus Late epinephrine in shockable rhythms

- Non-shockable rhythms — asystole versus PEA (versus bradycardia)

- Resource high versus resource low settings (eg Low & middle income countries).
- Single-tiered versus Tiered EMS response (BLS/ALS) systems

Implementation considerations

- Resourcing

- Feasibility

- Cost-effectiveness

- Equity and Acceptability

Monitoring and evaluation



Evidence updates will be reviewed annually for the PICOST

Research priorities

- Future studies should include patient-centered outcomes such as long-term neurological outcomes.

- Further studies should address whether specific sub-populations might potentially benefit (or not)

from the administration of epinephrine in the pre-hospital settings.

- Cost-effectiveness and feasibility of the provision of advanced paediatric life support in the pre-hospital settings
to facilitate the administration of adrenaline/epinephrine, in paediatric out-of-hospital cardiac arrest while
ensuring high-quality basic life support, should be explored in all healthcare settings, including in LMICs. The task
force considers the biological plausibility and equipoise sufficient to justify pediatric trials comparing initial dosing
of IM epinephrine to IV, 10, alternate routes (eg, intranasal), or no epinephrine (eg, in low-resource settings where
intravascular access is unavailable)
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Temperature Control After Cardiac Arrest in Children: ATM at 32-34°C vs. ATM
at 36-37.5°C (PLS 4210.03, part 1)

QUESTION
Should Active temperature management (ATM) 32-34°C vs. ATM 36-37.5°C be used

for children post cardiac arrest?
Children post cardiac arrest

Active temperature management (ATM) 32-34°C
ATM 36-37.5°C

Favorable neurological outcome; Favorable neurological outcome (Bayesian); Health related
quality of life; Survival; Survival (Bayesian)
paediatric critical care environment

The perspectives include those of children and their families, clinicians, and healthcare systems.
Families generally prioritize survival with good neurological outcome, but there is variability in
values regarding acceptable outcomes, as highlighted by the P-COSCA initiative. Clinicians seek
evidence-based strategies to improve outcomes after pediatric cardiac arrest, while healthcare
systems must consider resource allocation, feasibility, and equity in access to advanced
therapies.

Cardiac arrest in children is a rare but devastating event, with a significant proportion of
survivors experiencing severe neurological injury. Active temperature management (ATM) has
been proposed as a neuroprotective strategy, based on evidence from preclinical models and
neonatal hypoxic-ischemic injury. However, clinical trials in children have

not demonstrated clear superiority of hypothermia over normothermia for survival or
neurological outcomes. Both approaches require intensive care resources, and there is ongoing
debate regarding optimal temperature targets, implementation strategies, and the impact on
long-term outcomes.

The following intellectual conflicts of interest have been declared. B Scholefield,

A Guerguerian and A Topjian were co-investigators on the THAPCA-IH trial. A Topjian, H
Krishnan, and A-M Guerguerian are co-investigators/site Pls in the P-ICECAP study. B Scholefield,
A Topjian, H Krishan and A-M Guerguerian will be excluded from study selection,

data abstraction and risk of bias assessment. No members of the writing group have any
financial conflicts of interest.

ASSESSMENT

Problem

Is the problem a priority?

UJUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o No A significant number of

o Probably no pediatric cardiac arrest

o Probably yes survivors are left with severe

® Yes neurologic injury. Active

o Varies targeted temperature

o Don't know management (ATM) (as part of
post-cardiac arrest care), has
been shown in pre-clinical
models of pediatric cardiac




arrest and as part of care after
neonatal hypoxic ischemic
injury, to improve rates of
survival and neurologic
outcome by modifying post-
cardiac arrest syndrome.
Clinical interventions that
improve pediatric outcomes
from cardiac arrest would be
viewed as important and
desirable by society.

Desirable Effects
How substantial are the desirable anticipated effects?

0 Don't know

protective intervention. The
systematic
review identified two
approaches to analysis of the
THAPCA out of hospital cardiac
arrest trial data. The original
primary analysis using
frequentist statistical analysis
and a secondary Bayesian
analytical approach. The
Pediatric Life Support Task
Force considered both types of
analysis in addition to non-
randomized controlled
evidence in children.
Good neurobehavioral
survival:
For the critical outcome of
long-term good
neurobehavioral survival (1
year), from 2 RCTs (Moler 2015
Moler 2017), (1 out-of-
hospital (OH) and 1 in-hospital
cardiac arrest
(IHCA) study) with 517 children
who achieved return of
circulation but remained
comatose with a Glasgow
Coma Scale Motor Score <5,
showed no statistical benefit
or harm of ATM 32-34°C
compared to ATM 36-37.5°C

(RR=1.05, 95% Cl 0.80-1.39).

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o Trivial Improvement in the important [The SR examined both estimates of effect for the

e Small outcome pooled analysis (OHCA and IHCA) and OHCA or IHCA alone.
0 Moderate of favorable neurological The TF also reviewed the new analysis since the previous
O Large outcome is a highly desired systematic review, which included the Bayesian re-analysis
o Varies effect from the neuro- of the THAPCA-OH study (Harhay 2023), and a study

reporting on the Health-Related Quality of Life at a median
of 3 years outcome in a mixed cohort of IHCA and OHCA
patients (Magee 2022).

For the critical outcome of long-term good neurobehavioral
survival (1 year) using Bayesian analysis in the OHCA
population only, the evidence of low certainty (downgraded
for imprecision) from 1 Bayesian reanalysis of the THAPCA-
OH RCT (Harhay 2022) showed a posterior median absolute
benefit of 6.8% (95% Credible Interval: -1.9% to 15.4%) with
@ probability of any benefit of 94%.

For the critical outcome of long-term survival (1 year) using
Bayesian analysis in the OHCA population only, the evidence
of low certainty (downgraded for imprecision) from 1
Bayesian reanalysis of the THAPCA-OH RCT (Harhay 2022)
showed a posterior median absolute benefit of 6.8% (95%
Credible Interval: -1.9% to 15.4%) with a probability of any
benefit of 94%.




For the critical outcome of
intermediate-term good
neurobehavioral survival (6
months), from 1 adjusted
observational cohort study
(Doherty 2009) with 79
children who achieved

ROSC after OH or

IHCA, showed no statistical
benefit or harm of ATM <35°C
compared to ATM 36-37.5°C or
no ATM (aOR=0.50, 95% ClI
0.11-2.22)

Survival:

For the critical outcome of
long-term survival (1 year),
from 2 RCTs (Moler 2015,
Moler 2017), (1 OH and 1 IHCA
study) with 614 children who
achieved return of circulation
but remained comatose with a
Glasgow Coma Scale Motor
Score <5, showed no statistical
benefit or harm of ATM 32-
34°C compared to ATM 36-
37.5°C (RR=1.14, 95% ClI 0.94-
1.37)

For the critical outcome of
intermediate-term survival (6
months), from 1 adjusted
observational cohort study
(Doherty 2009) with 79
children who achieved

ROSC after OH or IHCA showed
no statistical benefit or harm
of ATM <35°C compared to
IATM 36-37.5°C or no ATM
(aOR=0.50, 95% Cl 0.11-2.22)

For the critical outcome of
short-term survival (30 days or
hospital discharge), from 3
non-randomized observational
cohort studies (Doherty 2009,
Fink 2010, Magee 2022) with
388 children who achieved
ROSC showed no statistical
benefit or harm of ATM 32-
36°C compared to ATM 36-
37.5°C or no ATM. Due to
significant clinical




heterogeneity, these studies
could not be pooled.
Health-Related Quality of
Life:

For the important outcome of
health-related quality of

life (HRQoL), from 1 adjusted
observational cohort study
(Magee 2022) with 128
children after

OH or IHCA showed

improved HRQoL physical
summary scores in the ATM
33°C group compared to the
IATM 36°C group

(MD=11.2 HRQoL score higher,
95% Cl 3.1 higher to 19.3
higher).

Undesirable Effects

How substantial are the undesirable anticipated effects?

o Don't know

Certainty of evid

ence

What is the overall certainty of the evidence of effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o Large IATM of 32-34°C may result in increased duration of stay in
0 Moderate ICU owing to later assessment of neurological prognosis.
e Small This could result in increased costs for uncertain benefit

O Trivial

o Varies

o No included studies

Values

presented below.
ISee Appendix 1

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
e Very low The overall certainty of effect

o Low was very

0 Moderate low when assessed with

o High GRADE. Summary of data is

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

o Possibly

function, which is generally

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
O Important The main outcome for children

uncertainty or after cardiac arrest is survival

variability with good neurological




important uncertainty|
or variability

® Probably

no important
uncertainty or
variability

o No important
uncertainty or
variability

Balance of effect

VUDGEMENT

considered highly important by
families and clinicians.
However, the P-COSCA
(Pediatric Core Outcome Set
for Cardiac

Arrest) identified that
stakeholders also value
outcomes such as: Quality of
life, Functional status, and
Long-term neurodevelopment.
There is considerable
variability in values: Some
families prioritize any survival,
even with severe disability.
Others consider survival
without meaningful
neurological recovery
unacceptable. Cultural, social,
and individual factors
influence these preferences,
creating uncertainty about
how much weight different
families place on neurological
outcomes versus survival
alone.

S

Does the balance between desirable and undesirable

RESEARCH EVIDENCE

effects favor the intervention or the comparison?
IADDITIONAL CONSIDERATIONS

o Favors the
comparison

o Probably favors the
comparison

o Does not favor
either the
intervention or the
comparison

0 Probably favors the
intervention

o Favors the
intervention

® Varies

o Don't know

The point estimate for the
two randomized controlled
trial primary analysis did

not identify a benefit of the
intervention over the
comparison for the clinically
important outcomes. The
Bayesian re-analysis of the
THAPCA-OH study (Harhay
2023), and a study reporting
on the Health-Related Quality
of Life at a median of 3 years
outcome in a mixed cohort of
IHCA and OHCA

patients (Magee 2022) were
in favor of the intervention
(temperature target 33C).

Resources required
RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS




O Large costs

0 Moderate costs

o Negligible costs and
savings

0 Moderate savings
O Large savings

o Varies

e Don't know

The cost of active temperature
management was not assessed
in the identified literature.

Delivery of active temperature management within the
included studies required a high

resource environment (e.g. ICU), invasive

temperature monitoring and the use of servo-controlled
external cooling devices. These would

require significant resources to acquire, use and maintain.

Certainty of evidence of required resources

What is the certainty of the evidence of resource requirements (costs)?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Very low True cost of the intervention is

o Low unknown. No literature

0 Moderate assessing cost was identified.

o High

e No included

studies

Cost effectiveness

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

VUDGEMENT

RESEARCH EVIDENCE

IADDITIONAL CONSIDERATIONS

o Favors the
comparison

0 Probably favors the
comparison

0 Does not favor
either the
intervention or the
comparison

o Probably favors the
intervention

o Favors the
intervention

o Varies

e No included
studies

No studies examined the cost-
effectiveness of the
intervention compared to

the comparison.

Equity
What would be the im
UUDGEMENT

pact on health equity?
RESEARCH EVIDENCE

Both ATM 32-34°C and ATM 36-37.5°C require ICU-level
care, continuous temperature monitoring, and trained staff.
It is unknown if ATM 32-34°C increases

nursing workload which would raise costs compared to ATM
36-37.5°C.

IADDITIONAL CONSIDERATIONS

o Reduced
o Probably reduced

The impact on health equity
was not identified in the

o Probably no impact

literature.

Implementation of active temperature management after
pediatric cardiac arrest may increase health inequities.

Temperature Management protocols require specialized




o Probably increased
o Increased

O Varies

e Don't know

Acceptability

Is the intervention acc
UUDGEMENT

RESEARCH EVIDENCE

eptable to key interest-holders?

equipment, trained personnel, and intensive

monitoring, which are more available in high-resource
settings. Hospitals in low-resource or rural areas may lack
these capabilities, limiting access for certain populations.
This could widen disparities in survival and neurological
outcomes for children.

JADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

o Varies

o Don't know

Feasibility
Is the intervention fea
UUDGEMENT

No studies directly examined
the acceptability of the
intervention.

sible to implement?
RESEARCH EVIDENCE

Active temperature management use after cardiac arrest in
children has been described in numerous studies. However,
recent studies also include a proportion of children after
cardiac arrest not receiving active temperature
management.

IADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

O Varies

o Don't know

IATM is in use in many
institutions. This approach
requires considerable
investment in

personnel, training and other
resources. Feasible in

larger centers with sufficient
resources.

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM Yes
DESIRABLE Small
EFFECTS
UNDESIRABLE small
EFFECTS
CERTAINTY OF Verv low
EVIDENCE v
Probably
VALUES no |mp0|:tant
uncertainty
or variability
BALANCE OF Varies
EFFECTS




RESOURCES Don't know
REQUIRED
CERTAINTY OF
EVIDENCE OF No included
REQUIRED studies
RESOURCES
COST No included
EFFECTIVENESS studies
EQUITY Don't know
ACCEPTABILITY Probably yes
FEASIBILITY Probably yes
TYPE OF RECOMMENDATION
Strong recommendation Conditional Conditional Conditional Strong recommendation for|
against the intervention recommendation against S luELEEHBHRCIEELITY recommendation for the the intervention
the intervention the intervention or the intervention
comparison
O O [ O O

CONCLUSIONS

Recommendation

We recommend using active temperature management* (ATM) for comatose infants and children following OHCA
or IHCA (strong recommendation, low certainty evidence).

We recommend using ATM to prevent central temperatures >37.5°C (strong recommendation, low certainty
evidence).

We suggest that ATM protocols follow one of the published THAPCA trial interventions: (a) ATM 32—-34°C for 48
hours, followed by gradual rewarming and maintenance at 36—37.5°C until a total of 120 hours, or (b) ATM 36—
37.5°C for 120 hours total, as current evidence does not show superiority of either temperature target and there is
insufficient evidence to recommend alternative durations (weak recommendation, low certainty evidence).
*Active temperature management (ATM) is defined as intentionally controlling a patient's body temperature to a
specific temperature target range using a standardized management protocol. This includes all cooling and
warming methods, temperature maintenance duration, pharmacotherapy, and monitoring strategies to achieve
and sustain the desired target temperature.

The recommendation for either active temperature management at 32—34°C (ATM hypothermia) or 36—37.5°C
(ATM normothermia) in comatose infants and children after cardiac arrest is conditional and based

on low certainty of evidence. The available randomized controlled trials (RCTs) and observational studies do

not demonstrate a clear benefit or harm of hypothermia compared to normothermia for the critical outcomes of
survival and favorable neurological outcome at one year. The primary frequentist analysis of RCTs showed no
statistically significant difference, while a Bayesian re-analysis suggested a possible benefit for hypothermia, but
with wide credible intervals and moderate certainty, limiting confidence in the result.



The PLS TF agreed that following IHCA, there is insufficient evidence to support or refute the use of induced
hypothermia (ATM 32-34°C) compared with active temperature management at normothermia (ATM 36-37.5°C)
(or an alternative temperature).

However, following OHCA, there is some evidence supporting the use of induced hypothermia (ATM 32-34°C for 48
hours) compared with active temperature management at normothermia (ATM 36-37.5°C) in comatose patients.
However, the body of evidence remains insufficient to provide a separate treatment recommendation.
Health-related quality of life data is limited, with one non-randomized study suggesting improved physical
summary scores in the hypothermia group, but the certainty of evidence is very low due to methodological
limitations and confounding. Both interventions require ICU-level care, invasive temperature monitoring, and
specialized equipment, resulting in significant resource requirements. The true cost and cost-effectiveness of
hypothermia versus normothermia are unknown, as no studies directly addressed these outcomes.

Equity concerns are notable, as implementation of active temperature management protocols may increase
disparities in access and outcomes between high-resource and low-resource settings. There is also important
variability in how families and clinicians value outcomes, as highlighted by the P-COSCA statement, with some
prioritizing survival regardless of neurological status and others emphasizing meaningful neurological recovery.
Given the lack of clear superiority of either approach, the balance of effects varies depending on the analytic
method and outcome considered. The intervention is probably acceptable and feasible in well-resourced centers
but may be challenging to implement universally. Therefore, a conditional recommendation for either
hypothermia or normothermia is appropriate, allowing for individualized decision-making based on patient
context, available resources, and family values

Subgroup considerations

Out-of-Hospital Cardiac Arrest (OHCA): Evidence from the THAPCA-OH trial and its Bayesian re-analysis suggests a
possible benefit of induced hypothermia (32—34°C) compared to normothermia (36—37.5°C) for favorable
neurological outcome and survival, although the certainty of evidence remains low and the credible intervals are
wide. As such, while some support exists for hypothermia in OHCA, the data are insufficient to make a strong
recommendation for one approach over the other.

In-Hospital Cardiac Arrest (IHCA): The THAPCA-IH randomized controlled trial found no significant difference
between hypothermia and normothermia for the main outcomes of survival and favorable

neurological outcome at one year. This suggests that, for IHCA, either temperature management strategy may

be appropriate, or there is no evidence to support the superiority of hypothermia over normothermia.

Given these findings, recommendations should acknowledge that the evidence base and potential benefits may
differ between OHCA and IHCA populations. Individualized decision-making is warranted, considering the setting of
cardiac arrest, patient characteristics, and available resources.

Patient stratification: no studies were identified using a risk stratification approach to select patients to receive
ATM 32-34°C or ATM 36—-37.5°C . Future research into whether risk-stratification tools could determine whether
children with moderate risk of hypoxic-ischemic encephalopathy (HIE), who may not be at the extremes

of severity, could experience improved outcomes with either ATM therapy would be helpful.

Implementation considerations

Implementation of either ATM 32-34°C or ATM 36—37.5°C for children post cardiac arrest requires ICU-level care,
invasive temperature monitoring, and trained staff, making it feasible primarily in well-resourced centers.
Standardized protocols, ongoing staff education, and monitoring for complications are essential for safe and
effective delivery. In resource-limited settings, strict normothermia may be a more practical alternative, and equity
in access should be considered. Engaging families in shared decision-making and clearly communicating risks,
benefits, and uncertainties are crucial, while institutions should monitor outcomes and participate in quality
improvement to optimize care. TTM has been successfully implemented in many tertiary

pediatric centers internationally

Monitoring and evaluation



Institutions implementing active temperature management (ATM) for children after cardiac arrest should
routinely monitor key clinical outcomes, including survival rates, neurological function at discharge and follow-up,
and health-related quality of life. Adverse events such as arrhythmias, infections, electrolyte disturbances, and
complications related to temperature management should be tracked. Compliance with standardized temperature
management protocols and timeliness of initiation should be evaluated. Data collection should support ongoing
quality improvement. Participation in multicenter registries or collaborative research can enhance benchmarking
and contribute to the evidence base.

Research priorities
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e  Conduct further high-quality randomized controlled trials comparing hypothermia (32-34°C) and
normothermia (36—37.5°C) in children after cardiac arrest, focusing on long-term neurological
outcomes and survival.

e  Ascertain rate of cooling/rewarming and duration

e Evaluate health-related quality of life and functional outcomes using standardized measures,
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e Investigate implementation barriers and facilitators, especially in centers with limited access to
specialized equipment or trained personnel.

e  Perform subgroup analyses to distinguish effects in patients supported on ECLS or following
ECPR.

e Encourage participation in multicenter registries and collaborative research to enhance data
quality and generalizability.

e  Future studies should focus on developing and validating risk stratification tools to guide
individualized treatment decisions and optimize outcomes for these patients
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Appendix 1
Anticipated absolute effects* (95% CI) Relativ|N? of participants |Certainty of [Comment
s
Risk with ATM 36-37C Risk with ATM 32-
34C
Favorable neurological outcome Study population RR 517 [}
1-year RCT 1.05 (2 RCTs)2 OObO
256 per 1,000 269 per 1,000 (0.80 to Very low
(356 to 205) 1 59)
Favorable neurological outcome Posterior median absolute benefit: 6.8% - (1 RCT) @@OO
(Bayesian) (follow-up: median 12 (95% Crl: =1.9% to 15.4%) Probability of any Lowss
months) benefit: 94%
Non- Study population OR 79
Randomized, Favorable Neurolog 0.50 (1 non- \6/29099
ical Outcome, Medium-term 80 per 1,000 408 per 1,000 (0.11 to randomised study)*
Outcome (754t01132) 2.22)
follow-up: 6 months
Health related quality of life, non-The mean health MD 11.2 HRQoL sc - 128 @OOO
randomized, - adjusted. Mean related quality of life, non- ore higher (1 non- Very lows
difference in HRQoL randomized, - adjusted. (3.1 higher to 19.3 randomized study):
Mean difference higher)
in HRQoL was 0 HRQoL sc
ore
RCT, Survival, 1year outcome Study population RR 614 [
1.14 (2 RCTs)*= V. C?Obo
380 per 1,000 434 per 1,000 (0.94 10 ery low
(521 to 358) 1 57)
Survival, RCT. (Bayesian) (follow- Posterior median absolute benefit: 6.8% - (1 RCT)® @@OO
up: median 12 months) (95% Crl: =1.9% to 15.4%) Probability of any Lowes
benefit: 94%
Non-randomized, Survival, Short-Study population OR 479
term outcome 0.93 (3 non- 25’?;\/’29
577 per 1,000 559 per 1,000 (0.40 to randomized studies) n.
(743 to 353) 212)
Non-Randomized, Survival, Study population OR 79
Medium-term Outcome (follow- 0.50 (1 non- \%90939
up: 6 months) 620 per 1,000 449 per 1,000 (0.11 to randomized study)*
(784 to 152)

follow-up: 6 months

2.22)



. One study population was OHCA and the other IHCA.

. Reported risk ratio and confidence interval inconclusive.

. Single study

. Based on conventional sample size calculations for a clinically meaningful effect, the study is underpowered.
e. Doherty 2009- Severe confounding by indication: hypothermia group had significantly worse baseline
characteristics (more infants, longer arrest duration, higher ECMO use, higher organ dysfunction scores)

f. Doherty 2009- Significant practice variation: 2 of 5 centers never used hypothermia

g. 94% in-hospital cardiac arrests, only 6% out-of-hospital 68-72% cardiac etiology (vs. typical OHCA with
predominantly respiratory/asphyxial causes) 56-66% occurred within 14 days after surgery (mostly cardiac
surgery) Predominantly post-surgical population not representative of general pediatric cardiac arrest patients

h. Adjusted OR for unfavorable outcome (PCPC 4-6): 2.00 (95% CI 0.45-9.01)

i. No randomization. Treatment at discretion of clinician. Propensity score matching attempted, but significant loss
of patients in attempt to match.

j. Wide confidence intervals. Exclusion of several patients through propensity score matching (including most
severe patient population)

k. Fink-2010 hypothermia patients had more unwitnessed arrests, more epinephrine doses, longer CPR duration
|. Fink 2010- No protocolized treatment allocation

m. Magee-2022- hypothermia group was younger, had longer CPR duration, higher lactate, lower pH, much higher
ECMO use (72% vs. 22%)

n. Doherty 2009 adjusted OR: 2.50 (95% CI 0.55-11.49), P=0.238 (favoring normothermia, not significant) Fink
2010 adjusted OR for hypothermia mortality: 0.47, P=0.2 (favoring hypothermia, not significant) Magee 2022
adjusted OR: 1.30 (95% CI 0.57-2.98) (favoring normothermia, not significant)

0. Outcome timing varies across studies: Doherty: 30-day mortality Fink: Hospital discharge Magee: PICU
mortality

p. adjusted mortality OR 1.99, 95% CI 0.45 to 8.85, P=0.502

a0 ocw



Temperature Control After Cardiac Arrest in Children: any Active Temperature
Management (ATM) vs no ATM (PLS 4210.03, part 2)

QUESTION

Should Comparison of Active Temperature Management (any temperature) vs. No Active
emperature Management be used for children after cardiac arrest?
Children after cardiac arrest

Active Temperature Management (any temperature)

No Active Temperature Management

Favorable neurological outcome, survival

paediatric critical care environment

he perspectives include those of children and their families, clinicians, and healthcare systems.
Families generally prioritize survival with good neurological outcome, but there is variability in
values regarding acceptable outcomes, as highlighted by the P-COSCA initiative. Clinicians seek
evidence-based strategies to improve outcomes after pediatric cardiac arrest, while healthcare
systems must consider resource allocation, feasibility, and equity in access to advanced
therapies.

Cardiac arrest in children is a rare but devastating event, with a significant proportion of
survivors experiencing severe neurological injury. Active temperature management (ATM) has
been proposed as a neuroprotective strategy, based on evidence from preclinical models and
neonatal hypoxic-ischemic injury. However, clinical trials in children have

not demonstrated clear superiority of hypothermia over normothermia for survival or
neurological outcomes. The use of ATM protocols also allows the avoidance of fever. Absence
of an ATM protocol may therefore increase risk of secondary brain injury following cardiac
arrest in children. ATM requires intensive care resources, and there is ongoing

debate regarding optimal temperature targets, implementation strategies, and the impact on
long-term outcomes.

he following intellectual conflicts of interest have been declared. B Scholefield,

A Guerguerian and A Topjian were co-investigators on the THAPCA-IH trial. A Topjian, H
Krishnan, and A-M Guerguerian are co-investigators/site Pls in the P-ICECAP study. B
Scholefield, A Topjian, H Krishan and A-M Guerguerian will be excluded from study selection,
data abstraction and risk of bias assessment. No members of the writing group have any
financial conflicts of interest.

ASSESSMENT

Problem

Is the problem a priority?

UJUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o No A significant number of pediatric cardiac

o Probably no arrest survivors are left with severe

o Probably yes neurologic injury. Active targeted

® Yes temperature management (ATM) (as part

o Varies of post-cardiac arrest care), has been

o Don't know shown in pre-clinical models of pediatric
cardiac arrest and as part of care after
neonatal hypoxic ischemic injury, to




improve rates of survival and neurologic
outcome by modifying post-cardiac arrest
syndrome. Clinical interventions that
improve pediatric outcomes from cardiac
arrest would be viewed as important and

desirable by society.

Desirable Effects

How substantial are the desirable anticipated effects?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

O Trivial Three non-randomized observational IThree non-randomized observational studies
o Small studies were identified to address this reported different ATM protocols. In Chang

e Moderate question. (1)(2)(3) Two studies used data |2016 (1), the intervention group received mild
o Large from the same registry (2)(3) and were  [therapeutic hypothermia (MTH) with a target
o Varies not combined in pooled analysis where [temperature of 32—34°C, and the median

o0 Don't know

they reported the same outcome. All
patients included in the three studies had
OHCA.

Favorable Neurological Outcome:

For the critical outcome of short-term
good neurobehavioral survival (at
hospital discharge), from 2 adjusted
observational cohort studies (1)(3) with
877 children who achieved ROSC showed
statistical benefit of ATM (any
temperature) compared to no active
temperature management (OR=1.21, 95%
Cl 1.05-1.40; ARR=3.0%, or 30 more
patients/1000, 95% ClI 7 more to 56 more
patients/1000).

Survival:

For the critical outcome of short-term
survival (30 days or hospital discharge),
from 2 adjusted observational cohort
studies (1)(2) with 830 children who
achieved ROSC showed no statistical
benefit or harm of ATM (any
temperature) compared to no active
temperature management (OR=1.06, 95%
Cl 0.67-1.68; ARR=1.4%, or 14 more
patients/1000, 95% Cl 92 fewer to 129

more patients/1000).

Undesirable Effects

RESEARCH EVIDENCE

achieved temperature was 33.0°C (IQR 32.6—
33.6). The duration of hypothermia was at least
12 hours but was not strictly protocolized, and the
total duration was not reported. The control
group did not receive hypothermia, with a median
temperature of 35.4°C (IQR 34.7-36.2), and no
active temperature management was provided,;
duration details were not reported. Matsui

2022 (2) investigated targeted temperature
management (TTM) with a target range of 33—
36°C, but both the duration of intervention and
the actual temperatures achieved were not
reported. The control group received no active
ITTM, and temperature or duration details were
also not reported. In Namba 2025 (3), the
intervention consisted of TTM with a target
temperature of 32—36°C, typically maintained for
24 hours, although the total duration was not
specified. The control group did not receive active
ITTM, and temperature and duration details were
not reported. Across all studies, the control
groups received no active temperature
management, with limited reporting on actual
temperature and duration parameters.

ADDITIONAL CONSIDERATIONS




O Large

0 Moderate
e Small

O Trivial

o Varies

0 Don't know

Unknown.

A concern of providing no ATM in
patients after cardiac arrest, is the
development of fever. This has been
reported to be associated with

worse neurobehavioral outcome followin
g cardiac arrest and brain injury in
children.

Certainty of evidence

What is the overall certainty of the evidence of effects?

Across these three pediatric OHCA studies,
adverse events were not systematically collected
or reported (including rates of fever

or temperature about 38C without ATM). Only
Chang 2016 flags (in discussion) the general risk of
unintended overcooling with certain cooling
methods, but this was not quantified in their
cohort. Consequently, the magnitude of
undesirable effects for TTM vs control is uncertain
based on these data.

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
e Very low Overall certainty of evidence was very

o Low low across both important clinical

0 Moderate outcomes.

o High See Appendix 1

o No included

studies

Values

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

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Important The main outcome for children after

uncertainty or cardiac arrest is survival with good

variability neurological function, which is generally

0 Possibly considered highly important by families

important uncertaint
y or variability

® Probably

no important
uncertainty or
variability

0 No important
uncertainty

or variability

and clinicians. However, the P-COSCA
(Pediatric Core Outcome Set for Cardiac
Arrest) identified that stakeholders also
value outcomes such as: Quality of life,
Functional status, and Long-term
neurodevelopment. There is considerable
variability in values: Some families
prioritize any survival, even with severe
disability. Others consider survival
without meaningful neurological recovery
unacceptable. Cultural, social, and
individual factors influence these
preferences, creating uncertainty about
how much weight different families place
on neurological outcomes versus survival

alone.

Balance of effects

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

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS




o Favors the
comparison

o Probably favors the
comparison

0 Does not favor
either the
intervention or the
comparison

® Probably favors the
intervention

o Favors the
intervention

o Varies

o Don't know

Resources required

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
O Large costs The cost of active temperature Delivery of active temperature management

® Moderate costs management was not assessed in the within the included studies required a high

o Negligible costs andlidentified literature. However, in resource environment (e.g. ICU), invasive

savings comparison to no active temperature monitoring and the use of servo-

0 Moderate savings [temperature management the task force [controlled external cooling devices. These would
O Large savings assumed that moderate to large cost require

o Varies is required to deliver the intervention. significant resource to acquire, use and maintain. |
o Don't know t is possible that may lengthen

ICU stay before neurological prognostication.

Certainty of evidence of required resources

What is the certainty of the evidence of resource requirements (costs)?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o Very low True cost of the intervention is unknown.

o Low No literature assessing cost

0 Moderate was identified.

o High

e No included

studies

Cost effectiveness

Does the cost-effectiveness of the intervention favor the intervention or the comparison?
UDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS




o Favors the No studies examined the cost- IATM at any temperature requires ICU-level care,
comparison effectiveness of the intervention continuous temperature monitoring, and trained
o Probably favors the [compared to the comparison. staff.

comparison

o Does not favor
either the
intervention or the
comparison

0 Probably favors the
intervention

o Favors the
intervention

o Varies

e No included

studies

Equity

What would be the impact on health equity?

UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS

o Reduced The impact on health equity was Implementation of active temperature

0 Probably reduced [not identified in the literature. management after pediatric cardiac arrest may
o Probably increase health inequities. Temperature

no impact Management protocols require specialized

0 Probably increased equipment, trained personnel, and intensive
o Increased monitoring, which are more available in high-
o Varies resource settings. Hospitals in low-resource or
e Don't know rural areas may lack these capabilities, limiting

access for certain populations. This could widen
disparities in survival and neurological outcomes

for children.
Acceptability
Is the intervention acceptable to key interest-holders?
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No No studies directly examined the Active temperature management use after cardiac
0 Probably no acceptability of the intervention. arrest in children has been described
® Probably yes in numerous studies. However, the included
o Yes studies also identify a proportion of children after
o Varies cardiac arrest not receiving active temperature
o Don't know management.
Feasibility
Is the intervention feasible to implement?
UUDGEMENT RESEARCH EVIDENCE IADDITIONAL CONSIDERATIONS
o No IATM is in use in many institutions. This
0 Probably no approach requires considerable
® Probably yes investment in personnel, training and
o Yes other resources. Feasible in
o Varies larger centers with sufficient resources.
o Don't know




SUMMARY OF JUDGEMENTS

JUDGEMENT
PROBLEM Yes
DESIRABLE
—— Moderate
UNDESIRABLE small
EFFECTS
CERTAINTY OF Very low
EVIDENCE v
Probably
VALUES no |mp01:tant
uncertainty
or variability
BALANCE OF fP:I°l:a'::1V
EFFECTS _ravors the
intervention
RESOURCES
REQUIRED Moderate costs
CERTAINTY OF
EVIDENCE OF No included
REQUIRED studies
RESOURCES
COST No included
EFFECTIVENESS studies
EQUITY Don't know
ACCEPTABILITY Probably yes
FEASIBILITY Probably yes
TYPE OF RECOMMENDATION
Strong recommendation Conditional Conditional Conditional Strong recommendation for
against the intervention recommendation against | recommendation for either [ I ELLT R TA T the intervention
the intervention the intervention or the intervention
comparison
O O O [ ] @]
CONCLUSIONS

Recommendation



We recommend using active temperature management* (ATM) for comatose infants and children following OHCA
or IHCA (strong recommendation, low certainty evidence).

We recommend using ATM to prevent central temperatures >37.5°C (strong recommendation, low certainty
evidence).

Related recommendation(s)
1. Should Active temperature management (ATM) 32-34°C vs. ATM 36-37.5°C be used for children post cardiac
arrest?

We suggest that ATM protocols follow one of the published THAPCA trial interventions: (a) ATM 32-34°C for 48
hours, followed by gradual rewarming and maintenance at 36—37.5°C until a total of 120 hours, or (b) ATM 36—
37.5°C for 120 hours total, as current evidence does not show superiority of either temperature target and there is
insufficient evidence to recommend alternative durations (weak recommendation, low certainty evidence).

*Active temperature management (ATM) is defined as intentionally controlling a patient's body temperature to a
specific temperature target range using a standardized management protocol. This includes all cooling and
warming methods, temperature maintenance duration, pharmacotherapy, and monitoring strategies to achieve
and sustain the desired target temperature.

ustification

The recommendation to use active temperature management (ATM) for children after cardiac arrest is based

on very low certainty evidence from three non-randomized observational studies, all in out-of-hospital cardiac
arrest (OHCA) populations. These studies suggest a moderate benefit for favorable neurological outcome (OR 1.21,
95% Cl 1.05-1.40), but no significant effect on short-term survival (OR 1.06, 95% ClI 0.67—1.68). The magnitude of
undesirable effects, including fever, arrhythmias, bleeding, and accidental overcooling, is unknown, as adverse
events were not systematically reported. The risk of fever in the absence of ATM is a concern, given its association
with worse neurological outcomes, but rates were not reported. Implementation of ATM requires moderate to
large resources, including ICU-level care, invasive monitoring, and specialized equipment, which may limit
feasibility and equity in resource-limited settings. There is variability in values and preferences among families and
clinicians, but survival with good neurological outcome is generally prioritized. Overall, the balance of

effects probably favors the intervention, but the recommendation remains weak due to low certainty of evidence
and resource considerations.

This recommendation is made in tandem with the other EtD table: Should Active temperature management (ATM)
32-34°C vs. ATM 36-37.5°C be used for children post cardiac arrest?

Subgroup considerations

No subgroup analysis was performed. All patients in the studies evaluated or ATM (any temperature) versus no
ATM included children following OHCA only.

Implementation considerations

Active temperature management protocols require standardized procedures, trained ICU staff, and access to
continuous temperature monitoring and cooling devices. Institutions should ensure clear documentation of
temperature targets, duration, and management of complications. Resource limitations may affect feasibility,
especially in smaller or less-resourced centers. Equity should be considered, as access to ATM may be limited in
rural or low-resource settings. Ongoing staff education and protocol review are recommended to optimize delivery
and safety

Monitoring and evaluation



Institutions should monitor key outcomes including survival, neurological status at discharge, and adverse events
such as fever, arrhythmias, bleeding, and accidental overcooling. Compliance with ATM protocols, timeliness of
initiation, and duration of therapy should be tracked. Data collection should support continuous quality
improvement, and regular review of outcomes should inform protocol adjustments. Where possible, participation
in multicenter registries or collaborative research is encouraged to enhance benchmarking and contribute to the
evidence base.

Research priorities

e Systematically assess adverse events, including fever rates, arrhythmias, bleeding, and accidental
overcooling, in both intervention and control groups.

e Evaluate cost-effectiveness and resource utilization for ATM in diverse healthcare settings.

e  Explore family and clinician perspectives on acceptable outcomes and treatment choices.

o Develop and validate risk stratification tools to identify subgroups who may benefit most from
ATM.

e Encourage participation in multicenter registries and collaborative research to improve data
quality and generalizability
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APPENDICES
Appendix 1

Anticipated absolute effects* (95% CI) Relative |N? of participants Certainty of Comments

N . . . = - effect (studies)
Risk with No Active Risk with Comparison of (95% CI)

Temperature Active Temperature
Management Management (any
temperature)
Favorable neurological [Study population OR1.21 877 @OOO
outcome, non- (1.06to (2 non- Very lowssesss
randomized, adjusted, 182 per 1,000 212 per 1,000 1.40) randomized studies)'?
short term outcome. (sl i)
Survival, non- Study population OR1.06 830 @OOO
randomized, adjusted, (0.67to (2 non- Very lowsssni
short-term outcome 406 per 1,000 420 per 1,000 1.68) randomized studies)'®
(534 to 314)

a. Chang 2016- Hypothermia group had higher proportion of shockable rhythms (23.5% vs. 7.6%, P<0.01)

b. Chang 2016- 13 patients with unknown neurological status excluded

c. Namba 2024- Significant baseline differences between TTM and no-TTM groups: Different primary causes of
arrest (P=0.01) Different initial rhythms (26.4% VF/VT in TTM vs. 5.6% in no-TTM, P<0.001) TTM group had
shorter time to ROSC (34 vs. 40 minutes, P=0.008) Higher ECMO use in TTM group (17.6% vs. 5.1%, P<0.001)
d. Namba 2024- TTM decision based on clinician judgment, potentially influenced by perceived prognosis

e. Used propensity score only for first to fourth quintiles

f. Chang 2016: Adjusted OR 1.22 (95% CI 0.59-2.51) Namba 2024:adjusted OR (first to fourth quintiles only):
1.21 (95% CI 1.04-1.40), P=0.014



g. Mastsui 2022- Confounding by indication: Significant baseline differences between TTM and non-TTM groups
Different first documented rhythms (shockable rhythm higher in TTM group: 51.1% vs. 10.0%) TTM group more
likely to have cardiac cause (46.8% vs. 25.8%) Higher ECLS use in TTM group (25.5% vs. 6.7%)

h. Chang 2016: Adjusted OR 1.05 (95% CI 0.59-1.88), P not significant

i. Matsui 2022: IPTW OR 1.07 (95% CI 0.50-2.31), not significant



Temperature Control After Cardiac Arrest in Children: temperature duration
(PLS 4120.03, part 1)

QUESTION

Should Active temperature management (ATM) for one duration (e.g. 24 hrs.) vs. ATM for

another duration (e.g. 72 hrs.) be used for children after cardiac arrest?
Children after cardiac arrest

Active temperature management (ATM) for one duration (e.g. 24 hrs.)
ATM for another duration (e.g. 72 hrs.)

Favorable neurological outcome, survival

paediatric critical care environment

he perspectives include those of children and their families, clinicians, and healthcare systems.
Families generally prioritize survival with good neurological outcome, but there is variability in
values regarding acceptable outcomes, as highlighted by the P-COSCA initiative. Clinicians seek
evidence-based strategies to improve outcomes after pediatric cardiac arrest, while healthcare
systems must consider resource allocation, feasibility, and equity in access to advanced
therapies.
Cardiac arrest in children is a rare but devastating event, with a significant proportion of
survivors experiencing severe neurological injury. Active temperature management (ATM) has
been proposed as a neuroprotective strategy, based on evidence from preclinical models and
neonatal hypoxic-ischemic injury. However, clinical trials in children have

not demonstrated clear superiority of hypothermia over normothermia for survival or
neurological outcomes. Both approaches require intensive care resources, and there is ongoing
debate regarding optimal temperature targets, implementation strategies, and the impact on
long-term outcomes.

he following intellectual conflicts of interest have been declared. B Scholefield,
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ASSESSMENT

Problem

Is the problem a priority?

UJUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o No A significant number of pediatric

0 Probably no cardiac arrest survivors are left

o Probably yes with severe neurologic injury.

® Yes Active targeted temperature

o Varies management (ATM) (as part of

0 Don't know post-cardiac arrest care), has been
shown in pre-clinical models of
pediatric cardiac arrest and as part
of care after neonatal hypoxic




ischemic injury, to improve rates
of survival and neurologic
outcome by modifying post-
cardiac arrest syndrome. Clinical
interventions that improve
pediatric outcomes from cardiac
arrest would be viewed as
important and desirable by
society.

VUDGEMENT RESEARCH EVIDENCE

Desirable Effects
How substantial are the desirable anticipated effects?

ADDITIONAL CONSIDERATIONS

® Trivial One pilot RCT was identified to

o Small address this question.

0 Moderate Favorable Neurological Outcome:
o Large For the critical outcome of short-
o Varies term good neurobehavioral

o Don't know survival (at hospital discharge),
from 1 RCT (Fink 2017) with 34
children showed no statistical
benefit or harm of 24 hours ATM
33°C compared to 72 hours ATM
33°C (RR=0.86, 95% Cl 0.36-2.02;
IARR= -5.8%, or 58 fewer
patients/1000, 95% Cl 264 fewer
to 420 more patients/1000).
Survival:

For the critical outcome of short-
term survival (at hospital
discharge), from 1 RCT (Fink 2017)
with 34 children showed no
statistical benefit or harm of 24
hours ATM 33°C compared to 72
hours ATM 33°C (RR=0.69, 95% ClI
0.41-1.16; ARR=-23.7%, or 237
fewer patients/1000, 95% Cl 451
fewer to 122 more
patients/1000).

Undesirable Effects

How substantial are the undesirable anticipated effects?

One pilot RCT was identified to address this question. An
ongoing multi-center RCT, The Pediatric Influence of
Cooling Duration on Efficacy in Cardiac Arrest Patients
(P-ICECAP) trial
(https://www.clinicaltrials.gov/study/NCT05376267) was
also identified, but no results have been reported.

The taskforce noted the two THAPCA trials (1,

2) used protocolized time-based therapy in both
intervention and comparison arms (ATM 32-34C: 48
hours at target temperature, gradual rewarming

and maintenance at 36-37.5C until 120 hours total
duration of ATM, verses ATM 36-37.5C for 120

hours total duration).

A systematic review with a network meta-analysis was
also identified (3); however, the task force did not feel
the comparison groups of normothermia equated to zero
hours of therapy. Therefore, the task force did not use
the studies comparing ATM 32-34C for a set

duration with a comparison group of ATM 36-37.5C or no|
temperature control.

0 Don't know

UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Large A prolonged period of ATM therapy may increase risk of
0 Moderate adverse effects or side effects of the therapy.

o Small

® Trivial

o Varies




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

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
e Very low

o Low

© Moderate See Appendix 1

o High

o No included studies

Values

Is there important uncertainty about or variability in how much people value the main outcomes?
UUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Important The main outcome for children

uncertainty or after cardiac arrest is survival with

variability good neurological function, which

O Possibly is generally considered highly

important uncertaintylimportant by families and

or variability clinicians. However, the P-COSCA

® Probably (Pediatric Core Outcome Set for

no important Cardiac Arrest) identified that

uncertainty or stakeholders also value outcomes

variability such as: Quality of life, Functional

0 No important status, and Long-term

uncertainty or neurodevelopment. There is

variability considerable variability in values:

Some families prioritize any
survival, even with severe
disability. Others consider survival
without meaningful neurological
recovery unacceptable. Cultural,
social, and individual factors
influence these preferences,
creating uncertainty about how
much weight different families
place on neurological outcomes
versus survival alone.

Balance of effects

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




o Favors the The point estimate for the

comparison one randomized controlled trial
0 Probably favors the |primary analysis did not identify a
comparison benefit of the intervention over

e Does not favor the comparison for the clinically
either the important outcomes.
intervention or the

comparison

0 Probably favors the
intervention

o Favors the
intervention

o Varies

o Don't know

Resources required
JUDGEMENT RESEARCH EVIDENCE

(ADDITIONAL CONSIDERATIONS

o Large costs

0 Moderate costs

o Negligible costs and
savings

0 Moderate savings
O Large savings

o Varies

e Don't know

The cost of active temperature
management was not assessed in
the identified literature.

Certainty of evidence of required resources

Delivery of active temperature management within the
included study required a high

resource environment (e.g. ICU), invasive

temperature monitoring and the use of servo-controlled
external cooling devices. These would require
significant resources to acquire, use and maintain.
Increased duration of ATM therapy may be associated
with increased cost related to ICU length of stay.

What is the certainty of the evidence of resource requirements (costs)?

VUDGEMENT RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

o Very low True cost of the intervention is

o Low unknown. No literature assessing
0 Moderate cost was identified.

o High

e No included

studies

Cost effectiveness

Does the cost-effectiveness of the intervention favor the i

RESEARCH EVIDENCE

ntervention or the comparison?
ADDITIONAL CONSIDERATIONS




o Favors the
comparison

o Probably favors the
comparison

0 Does not favor
either the
intervention or the
comparison

0 Probably favors the
intervention

o Favors the
intervention

o Varies

e No included
studies

Equity
What would be the im
UUDGEMENT

No studies examined the cost-
effectiveness of the intervention
compared to the comparison.

pact on health equity?
RESEARCH EVIDENCE

Both ATM 32-34°C for 24 hours and ATM 32-34°C for 72
hours require ICU-level care, continuous temperature
monitoring, and trained staff. It is unknown if ATM 32-
34°C for 72 hours increases nursing workload which
would raise costs compared to 24 hours.

ADDITIONAL CONSIDERATIONS

o Reduced

o Probably reduced
0 Probably no impact
O Probably increased
o Increased

o Varies

e Don't know

Acceptability
Is the intervention acc
UUDGEMENT

The impact on health equity was
not identified in the literature.

eptable to key interest-holders?
RESEARCH EVIDENCE

Implementation of active temperature management
after pediatric cardiac arrest may increase health
inequities. Temperature Management

protocols require specialized equipment, trained
personnel, and intensive monitoring, which are more
available in high-resource settings. Hospitals in low-
resource or rural areas may lack these capabilities,
limiting access for certain populations. This could widen
disparities in survival and neurological

ADDITIONAL CONSIDERATIONS

o No

o Probably no
0 Probably yes
o Yes

o Varies

e Don't know

Feasibility

Is the intervention fea
UUDGEMENT

No studies directly examined the
acceptability of the intervention.

sible to implement?
RESEARCH EVIDENCE

Active temperature management use after cardiac arrest
in children has been described in numerous studies.
However, recent studies also include a proportion of
children after cardiac arrest not receiving active
temperature management.

ADDITIONAL CONSIDERATIONS

o No

o Probably no
® Probably yes
o Yes

o Varies

o0 Don't know

IATM is in use in many institutions.
This approach requires
considerable investment in
personnel, training and other
resources. Feasible in

larger centers with sufficient
resources.

SUMMARY OF

JUDGEMENTS



JUDGEMENT

PROBLEM Yes
DESIRABLE Trivial
EFFECTS
UNDESIRABLE Trivial
EFFECTS
CERTAINTY OF Verv low
EVIDENCE erylo
Probably
VALUES no |mpor.tant
uncertainty
or variability
Does not
favor either
BALANCE OF the
EFFECTS intervention
or the
comparison
RESOURCES .
REQUIRED Don't know
CERTAINTY OF
EVIDENCE OF No included
REQUIRED studies
RESOURCES
COST No included
EFFECTIVENESS studies
EQUITY Don't know
ACCEPTABILITY Don't know
FEASIBILITY Probably yes
TYPE OF RECOMMENDATION
Strong recommendation Conditional Conditional Conditional Strong recommendation for

against the intervention recommendation against J{elluELEEHBLRCIEENLTTY recommendation for the the intervention

the intervention the intervention or the intervention

comparison
o o [} o o

CONCLUSIONS

We suggest that ATM protocols follow one of the published THAPCA trial interventions: (a) ATM 32—-34°C for 48
hours, followed by gradual rewarming and maintenance at 36—37.5°C until a total of 120 hours, or (b) ATM 36—



37.5°C for 120 hours total, as current evidence does not show superiority of either temperature target and there is
insufficient evidence to recommend alternative durations (weak recommendation, low certainty evidence).

Related recommendation(s)

1. Should Active temperature management (ATM) 32-34°C vs. ATM 36-37.5°C be used for children post cardiac
arrest?

We recommend using active temperature management* (ATM) for comatose infants and children following OHCA
or IHCA (strong recommendation, low certainty evidence).

We recommend using ATM to prevent central temperatures >37.5°C (strong recommendation, low certainty
evidence).

*Active temperature management (ATM) is defined as intentionally controlling a patient's body temperature to a
specific temperature target range using a standardized management protocol.

ustification

The recommendation regarding the optimal duration of active temperature management (ATM) for children after
cardiac arrest is based on very limited evidence. Only one small pilot randomized controlled trial directly compared
24 hours versus 72 hours of hypothermia and found no statistically significant difference in short-term survival or
favorable neurological outcome between the two durations. (4) The certainty of evidence is very low due to the
small sample size, methodological limitations, and wide confidence intervals. No studies have assessed longer-
term outcomes, cost-effectiveness, or acceptability of different durations. Both approaches require significant ICU
resources, and longer durations may increase costs and risk of adverse effects, but these have not been
systematically studied. Given the lack of clear benefit or harm and the absence of robust comparative data, there
is insufficient evidence to recommend a duration of ATM different from the protocols used in the THAPCA-OH and
THAPCA-IH trials. (1, 2) Further research is needed to determine if specific durations confer greater benefit or risk.

Subgroup considerations

No subgroups were considered.

Implementation considerations

Implementation of active temperature management for varying durations requires standardized protocols, trained
ICU staff, and access to invasive temperature monitoring and servo-controlled cooling devices. Centers should
ensure clear documentation of the chosen duration, monitor for complications, and provide ongoing education for
clinical teams. Resource limitations may affect the feasibility of longer durations, and institutions should consider
local capacity when selecting protocols.

Monitoring and evaluation

Institutions should routinely monitor clinical outcomes such as survival, neurological status at discharge, and
adverse events (e.g., infections, electrolyte disturbances, arrhythmias) associated with different ATM durations.
Compliance with protocol, timeliness of initiation, and duration of therapy should be tracked. Data collection
should support continuous quality improvement and inform future protocol adjustments.

Research priorities

e Conduct adequately powered randomized controlled trials comparing different durations of ATM
in children after cardiac arrest, focusing on both short- and long-term neurological outcomes and
survival.

e Assess the impact of ATM duration on adverse events, ICU length of stay, and

resource utilization.

e  Evaluate cost-effectiveness and feasibility of various ATM durations in diverse healthcare
settings.

e  Explore family and clinician perspectives on acceptable durations and outcomes.



e Develop and validate risk stratification tools to identify subgroups who may benefit from specific
ATM durations.

e  Evaluate effect of duration of ATM in specific subgroups (OHCA, IHCA and

those requiring ECLS/ECPR).
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Appendix 1
Anticipated absolute effects* (95% CI) Relative [N? of Certainty of the
- - - - effect participants |evidence
Risk with ATM for Risk with ATM for (95% CI) ((studies) (GRADE)
another duration one duration
(e.g. 72 hrs.) (e.g. 24 hrs.)
Favorable neurological Study population RR0.86 34
outcome. RCT. Short term (0.36to (1 RCT)* 325?0319
outcome 412 per 1,000 354 per 1,000 2.02)
(832 to 148)
Survival RCT. Short term Study population RR0.69 34
outcome 24Hvs 72H (0.41t0  (1RCT)* @OOS?
765 per 1,000 528 per 1,000 1.16) Very lowseee:
(887 to 314)

a. very small sample size, pilot study

b. Hypothermia was initiated for clinical reasons prior to the consent process and randomization, this raises
concerns about true randomization and selection bias

c. Two children in the 72-hour group did not receive the entire assigned treatment: one was rewarmed after 43
hours and progressed to brain death, another had supportive care withdrawn without rewarming during the
treatment period These deviations were not clearly accounted for in the analysis

d. Single study

e. Wide confidence intervals 0.36-2.02

f. Wide confidence interval 0.41-1.16
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