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Note From the Writing Group: Throughout this article, the reader will
notice combinations of superscripted letters and numbers (eg, “Family
Presence During Resuscitation”®9s0%5”) These callouts are hyper-
linked to evidence-based worksheets, which were used in the develop-
ment of this article. An appendix of worksheets, applicable to this
article, is located at the end of the text. The worksheets are available in
PDF format and are open access.

The 2010 ILCOR Pediatric Task Force experts developed 55 questions
related to pediatric resuscitation. Topics were selected based on the
2005 Consensus on Science and Treatment Recommendations (CoSTR)
document,'2 emerging science, and newly identified issues. Not every
topic reviewed for the 2005 International Consensus on Science was
reviewed inthe 2010 evidence evaluation process. In general, evidence-
based worksheets were assigned to at least 2 authors for each topic.
The literature search strategy was first reviewed by a “worksheet ex-
pert” for completeness. The expert also approved the final worksheet
to ensure that the levels of evidence were correctly assigned according
to the established criteria. Worksheet authors were requested to draft
CoSTR statements (see Part 3: Evidence Evaluation Process). Each
worksheet author or pair of authors presented their topic to the Task
Force in person or via a webinar conference, and Task Force members
discussed the available science and revised the CoSTR draft accord-
ingly. These draft CoSTR summaries were recirculated to the Interna-
tional Liaison Committee on Resuscitation (ILCOR) Pediatric Task Force
for further refinement until consensus was reached. Selected contro-
versial and critical topics were presented at the 2010 ILCOR Interna-
tional Evidence Evaluation conference in Dallas, Texas, for further dis-
cussion to obtain additional input and feedback. This document
presents the 2010 international consensus on the science, treatment,
and knowledge gaps for each pediatric question.

The most important changes or points of emphasis in the recommen-
dations for pediatric resuscitation since the publication of the 2005
ILGOR International Consensus on CPR and ECC Science With Treatment
Recommendations'? are summarized inthe following list. The scientific
evidence supporting these changes is detailed in this document.
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e Additional evidence shows that
healthcare providers do not reliably
determine the presence or absence
of a pulse in infants or children.

® New evidence documents the impor-
tant role of ventilations in CPR for
infants and children. However, res-
cuers who are unable or unwilling
to provide ventilations should be en-
couraged to perform compression-
only CPR.

® To achieve effective chest compres-
sions, rescuers should compress at
least one third the anterior-posterior
dimension of the chest. This corre-
sponds to approximately 1'% inches
(4 cm) in most infants and 2 inches
(5 cm) in most children.

e When shocks are indicated for ven-
tricular fibrillation (VF) or pulseless
ventricular tachycardia (VT) in in-
fants and children, an initial energy
dose of 2 to 4 J/kg is reasonable;
doses higher than 4 J/kg, especially
if delivered with a biphasic defibril-
lator, may be safe and effective.

e More data support the safety and
effectiveness of cuffed tracheal
tubes in infants and young children,
andthe formula for selecting the ap-
propriately sized cuffed tube was
updated.

® The safety and value of using cricoid
pressure during emergency intuba-
tion are not clear. Therefore, the ap-
plication of cricoid pressure should
be modified or discontinued if it im-
pedes ventilation or the speed or
ease of intubation.

e Monitoring capnography/capnom-
etry is recommended to confirm
proper endotracheal tube position.

® Monitoring capnography/capnom-
etry may be helpful during CPR to
help assess and optimize quality of
chest compressions.

® (On the basis of increasing evidence
of potential harm from exposure to
high-concentration oxygen after
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cardiac arrest, once spontaneous
circulation is restored, inspired ox-
ygen concentration should be ti-
trated to limit the risk of
hyperoxemia.

e Use of a rapid response systemin a
pediatric inpatient setting may be
beneficial to reduce rates of cardiac
and respiratory arrest and in-
hospital mortality.

® Use of a bundled approach to man-
agement of pediatric septic shock is
recommended.

® The young victim of a sudden, unex-
pected cardiac arrest should have
an unrestricted, complete autopsy,
if possible, with special attention to
the possibility of an underlying con-
dition that predisposes to a fatal ar-
rhythmia. Appropriate preservation
and genetic analysis of tissue
should be considered; detailed test-
ing may reveal an inherited “chan-
nelopathy” that may also be present
in surviving family members.

SYSTEMS

Medical emergency teams (METs) or
rapid response teams (RRTs) have
been shown to be effective in prevent-
ing respiratory and cardiac arrests in
selected pediatric inpatient settings.

Family presence during resuscitations
has been shownto be beneficial for the
grieving process and in general was
not found to be disruptive. Thus, family
presence is supported if it does not in-
terfere with the resuscitative effort.

Medical Emergency or Rapid
Response TeamPeds-OZSA, Peds-025B

Gonsensus on Science

The introduction of METs or RRTs was
associated with a decrease in pediat-
ric hospital mortality in 1 LOE 3 meta-
analysis® and 3 pediatric LOE 3 studies
with historic controls.*~8 The introduc-
tion of a MET or RRT was associated
with

® a decrease in respiratory but not
cardiac arrest in 1 LOE 37 study with
historic controls

® a decrease in preventable total
number of arrests in 1 LOE 3 study
compared with a retrospective
chart review®

® a decrease in total number of ar-
rests in 2 LOE 348 studies

® a decrease in preventable cardiac
arrests in 1 LOE 38 study

® a decrease in cardiac arrest and
non—pediatric intensive care unit
(PICU) mortality in 1 LOE 3° pedi-
atric cohort study using historical
controls

Treatment Recommendations
Pediatric RRT or MET systems may be
beneficial to reduce the risk of respira-
tory and/or cardiac arrest in hospital-
ized pediatric patients outside an in-
tensively monitored environment.

Knowledge Gaps

Is it the team or the staff education
associated with MET or RRT implemen-
tation that leads to improved patient
outcomes? Is the team effectiveness
due to validated team activation crite-
ria or specific team composition? Do
the benefits attributed to these teams
extend to children in a community hos-
pital setting?

Family Presence During
ResuscitationPeds-003

Gonsensus on Science

Ten studies (LOE 210, LOE 3'"; LOE 412-19)
documented that parents wish to be
given the option of being present dur-
ing the resuscitation of their children.
One LOE 2,1 LOE 3,'" 2 LOE 4,19 and 1
LOE 5% studies confirmed that most
parents would recommend parent
presence during resuscitation.

One LOE 2,01 LOE 3,'' 6 LOE 4,12141921-23
and 2 LOE 522 studies of relatives
present during the resuscitation of a
family member reported that they be-
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lieved their presence was beneficial to
the patient.

One LOE 2,01 LOE 3,'"" 6 LOE 4,121316-19
and 1 LOE 5% studies reported that
most relatives present during the re-
suscitation of a family member bene-
fited from the experience. One LOE 3,
4 LOE 4,12132021 gnd 2 LOE 5%4% studies
reported that being present during the
resuscitation helped their adjustment
to the family member’s death.

One LOE 21 and 2 LOE 423 studies ob-
served that allowing family members
to be present during a resuscitation in
a hospital setting did them no harm,
whereas 1 LOE 4% study suggested that
some relatives present for the resusci-
tation of a family member experienced
short-term emotional difficulty.

One LOE 2,1 LOE 3,27 3 LOE 4,122528 and
3 LOE 5202429 studies showed that fam-
ily presence during resuscitation was
not perceived as being stressful to
staff or to have negatively affected
staff performance. However, 1 survey
(LOE 4%) found that 39% to 66% of
emergency medical services (EMS)
providers reported feeling threatened
by family members during an out-of-
hospital resuscitation and that family
presence interfered with their ability
to perform resuscitations.

Treatment Recommendations

In general, family members should be
offered the opportunity to be present
during the resuscitation of an infant
or child. When deciding whether to
allow family members to be present
during an out-of-hospital resuscita-
tion, the potential negative impact on
EMS provider performance must be
considered.

Knowledge Gaps

How does the presence of a dedicated
support person help family members
and, potentially, healthcare providers
during the resuscitation of an infant or
child? What training is appropriate for
staff who may serve as support per-
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sons for family members during re-
suscitation of an infant or child? Why is
family presence during resuscitation
perceived more negatively by out-of-
hospital care providers than by in-
hospital staff?

ASSESSMENT

Many healthcare providers find it diffi-
cult to rapidly and accurately deter-
mine the presence or absence of a
pulse. On the basis of available evi-
dence, the Task Force decided to deem-
phasize but not eliminate the pulse
check as part of the healthcare pro-
vider assessment. The Task Force
members recognized that healthcare
providers who work in specialized set-
tings may have enhanced sKkills in ac-
curate and rapid pulse checks, al-
though this has not been studied.

There are considerable data regarding
use of end-tidal carbon dioxide (Petco,)
measurement, capnography and cap-
nometry, during cardiopulmonary re-
suscitation (CPR) as an indicator of
CPR quality and as a predictive mea-
sure of outcome. Although capnogra-
phy/capnometry may reflect the qual-
ity of CPR, there is insufficient evidence
of its reliability in predicting resuscita-
tion success in infants and children.

Pulse Check Versus Gheck for
Signs of LifePeds-002A

Consensus on Science

Thirteen LOE 5 studies3'=* observed
that neither laypersons nor healthcare
providers are able to perform an accu-
rate pulse check in healthy adults or
infants within 10 seconds. In 2 LOE 5
studies in adults*# and 2 LOE 3 stud-
ies in children with nonpulsatile circu-
lation,*847 blinded healthcare provid-
ers commonly assessed pulse status
inaccurately and their assessment
often took >10 seconds. In the pediat-
ric studies, healthcare professionals
were able to accurately detect a pulse
by palpation only 80% of the time. They
mistakenly perceived a pulse when it
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was nonexistent 14% to 24% of the
time and failed to detect a pulse when
present in 21% to 36% of the assess-
ments. The average time to detect an
actual pulse was approximately 15
seconds, whereas the average time to
confirm the absence of a pulse was 30
seconds. Because the pulseless pa-
tients were receiving extracorporeal
membrane oxygenation (ECMO) sup-
port, one must be cautious in extrapo-
lating these data to the arrest situa-
tion; all pulseless patients did have
perfusion and therefore had signs of
circulation as evidenced by warm skin
temperature with brisk capillary refill.
All patients evaluated were in an inten-
sive care unit (ICU) setting without on-
going CPR.

Treatment Recommendations
Palpation of a pulse (or its absence) is
not reliable as the sole determinant of
cardiac arrest and need for chest com-
pressions. If the victim is unrespon-
sive, not breathing normally, and there
are no signs of life, lay rescuers should
begin CPR. In infants and children with
no signs of life, healthcare providers
should begin GPR unless they can defi-
nitely palpate a pulse within 10
seconds.

Knowledge Gaps

Is there an association between the
time required to successfully detect a
suspected cardiac arrest victim’s
pulse and resuscitation outcome? Is
there a difference in outcome when
the decision to start chest compres-
sions is based on the absence of signs
of life as opposed to absence of a
pulse?

Focused Echocardiogram to Detect
Reversible Causes of Cardiac
ArrestPeds-OOGB

Consensus on Science

In 1 small LOE 4 pediatric case series*®
cardiac activity was rapidly visualized
by echocardiography without pro-
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longed interruption of chest compres-
sions, and this cardiac activity corre-
lated with the presence or absence of
a central pulse. In 1 pediatric LOE 4
case report,* echocardiography was
useful for diagnosing pericardial tam-
ponade as the cause of cardiac arrest
and was useful in guiding treatment.

In 8 LOE 5 adult case series,=5 echo-
cardiographic findings correlated well
with the presence or absence of car-
diac activity in cardiac arrest. These
reports also suggested that echocardi-
ography may be useful in identifying
patients with potentially reversible
causes for the arrest.

Treatment Recommendations

There is insufficient evidence to rec-
ommend for or against the routine use
of echocardiography during pediatric
cardiac arrest. Echocardiography may
be considered to identify potentially
treatable causes of an arrest when ap-
propriately skilled personnel are avail-
able, but the benefits must be carefully
weighed against the known deleteri-
ous consequences of interrupting
chest compressions.

Knowledge Gaps

Can echocardiography be performed
during cardiac arrest in infants and
children without significant interrup-
tions in chest compressions? How of-
ten does echocardiography during
cardiac arrest provide information
that can affect treatment and
outcome?

End-tidal GO, (Perco,) and Quality of

cpnPeds-OOSA, Peds-005B

Gonsensus on Science

Three LOE 5 animal studies,®®-504 LOE 5
adult,b-%*and 1 LOE 5 pediatric series®
showed a strong correlation between
Perco, and interventions that increase
cardiac output during resuscitation
from shock or cardiac arrest. Similarly
3 LOE 5 animal models6-8 showed that

e1264

measures that markedly reduce car-
diac output result in a fall in Petco,.

Two LOE 5 adult out-of-hospital stud-
iest®0 supported continuous Perco,
monitoring during CPR as a way of de-
termining return of spontaneous cir-
culation (ROSC), particularly if the
readings during CPR are >15 mm Hg
(2.0 kPa).In 1 LOE 47" and 2 LOE 5 adult
case series,’2 an abrupt and sus-
tained rise in Perco, often preceded
identification of ROSC.

Two LOE 4 pediatric cases series,74 8
LOE 5 adult,07-8" and 1 LOE 5 animal
study®® showed that a low Petco,
(<10 mm Hg [1.33 kPal to <15 mm Hg
[2.0 kPal) despite 15 to 20 minutes of
advanced life support (ALS) is strongly
associated with failure to achieve
ROSC. On the basis of 2 LOE 5 animal
studies”® and 2 adult LOE 5 case se-
ries,’078 Petco, after at least 1 minute of
CPR may be more predictive of out-
comethanthe initial value because the
initial Petco, is often increased in pa-
tients with asphyxial cardiac arrest.

The wide variation for initial Perco, dur-
ing resuscitation limits its reliability in
predicting outcome of resuscitation
and its value as a guide to limiting re-
suscitation efforts. Two LOE 5 animal
studies™ 8 and 2 large LOE 5 adult tri-
als’78 suggested that the initial Petco,
is higher if the etiology of the cardiac
arrest is asphyxial rather than if it is a
primary cardiac arrest.

Interpretation of the end-tidal CO,
during resuscitation is affected by the
quality of the measurement, the
minute ventilation delivered during re-
suscitation, the presence of lung dis-
ease that increases anatomic dead
space, and the presence of right-to-left
shunting 8-

In 1 LOE 5 adult study,® sodium bi-
carbonate transiently increased end-
tidal C0,, and in 3 LOE 5 adult®-% and
2 LOE 5 animal®?" studies, epinephrine
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(and other systemic vasoconstrictive
agents) transiently decreased Petco,.

Treatment Recommendations
Continuous capnography or capnom-
etry monitoring, if available, may be
beneficial by providing feedback onthe
effectiveness of chest compressions.
Whereas a specific target number can-
not be identified, if the Perco, is consis-
tently <15 mm Hg, it is reasonable to
focus efforts on improving the quality
of chest compressions and avoiding
excessive ventilation.

Although a threshold Perco, may pre-
dict a poor outcome from resuscita-
tion and might be useful as a guide to
termination of CPR, there are insuffi-
cient data to establish the threshold
and the appropriate duration of ALS
needed before such evaluation in chil-
dren. The Perco, must be interpreted
with caution for 1 to 2 minutes after
administration of epinephrine or other
vasoconstrictive medications because
these medications may decrease the
Petco,,.

Knowledge Gaps

Does Petco, monitoring during CPR im-
prove quality of chest compressions
and/or outcome of pediatric resuscita-
tion? During CPR, can Petco, be reliably
measured via a laryngeal mask airway
(LMA)? Is there a threshold Petco, that
predicts ROSC or low likelihood of
ROSC during resuscitation from pedi-
atric cardiac arrest? Can the initial
Perco, distinguish asphyxial from car-
diac etiology of pediatric cardiac ar-
rest? Is detection of ROSC using Perco,
monitoring more accurate than palpa-
tion of a pulse? Are Perco, targets dur-
ing GPR different for subgroups of in-
fants and children with alterations in
pulmonary blood flow or high airway
resistance?

AIRWAY AND VENTILATION
Opening and maintaining a patent air-
way and providing ventilations are fun-
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damental elements of pediatric GPR,
especially because cardiac arrest of-
ten results from, or is complicated by,
asphyxia. There are no new data to
change the 2005 ILCOR recommenda-
tion to use manual airway maneuvers
(with or without an oropharyngeal air-
way) and bag-mask ventilation (BMV)
for children requiring airway control
or positive-pressure ventilation for
short periods inthe out-of-hospital set-
ting. When airway control or BMV is not
effective, supraglottic airways may be
helpful when used by properly trained
personnel.

When performing tracheal intubation,
data suggest that the routine use of
cricoid pressure may not protect
against aspiration and may make intu-
bation more difficult.

Routine confirmation of tracheal tube
position with capnography/capnom-
etry is recommended with the caveat
that the Perco, in infants and children
in cardiac arrest may be below detec-
tion limits for colorimetric devices.

Following ROSC, toxic oxygen byprod-
ucts (reactive oxygen species, free
radicals) are produced that may
damage cell membranes, proteins,
and DNA (reperfusion injury). Although
there are no clinical studies in chil-
dren (outside the newborn period)
comparing different concentrations
of inspired oxygen during and immedi-
ately after resuscitation, animal data
and data from newborn resuscitation
studies suggest that it is prudent to
titrate inspired oxygen after return of
a perfusing rhythm to prevent
hyperoxemia.

Supplementary OxygenPeds-015

Gonsensus on Science

There are no studies comparing venti-
lation of infants and children in cardiac
arrest with different inspired oxygen con-
centrations. Two LOE 5 meta-analyses
of several randomized controlled trials
comparing neonatal resuscitation initi-
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ated with room air versus 100% oxy-
gen?2% showed increased survival when
resuscitation was initiated with room
air.

Seven LOE 5 animal studies®-1%0 sug-
gested that ventilation with room air
or an Fio, of <1.0 during cardiac ar-
rest may be associated with less neu-
rologic deficit than ventilation with an
Fio, of 1.0, whereas 1 LOE 5 animal
study' showed no difference in out-
come. In 5 LOE 5 animal studieg997-99.102
ventilation with 100% oxygen during
and following resuscitation contrib-
uted to free radical-mediated reperfu-
sion injury to the brain.

Treatment Recommendations

There is insufficient evidence to rec-
ommend any specific inspired oxygen
concentration for ventilation during
resuscitation from cardiac arrest in
infants and children. Once circulation
is restored, it is reasonable to titrate
inspired oxygen to limit hyperoxemia.

Knowledge Gaps

Does the use of any specific concen-
tration of supplementary oxygen dur-
ing resuscitation from cardiac arrest
in infants and children improve or
worsen outcome? What is the appro-
priate target oxygen saturation for the
pediatric patient after achieving ROSC?

Cuffed Versus Uncuffed Tracheal
TubePeds-Olﬂ

Consensus on Science

There are no studies that compare the
safety and efficacy of cuffed versus un-
cuffed tubes in infants and children
who require emergency intubation.

Two LOE 5 randomized controlled stud-
ies!03104 and 1 LOE 5 cohort-controlled
study'® in a pediatric anesthesia set-
ting showed that the use of cuffed tra-
cheal tubes was associated with a
higher likelihood of selecting the cor-
rect tracheal tube size (and hence a
lower reintubation rate) with no in-
creased risk of perioperative or air-
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way complications. Cuff pressures in
these 3 studies were maintained at
<25 ¢cm H,0. Two perioperative LOE 5
cohort-controlled pediatric studies'0%106
similarly showed that cuffed tubes were
not associated with an increased risk of
perioperative airway complications.

One LOE 5 pediatric case series'?” ob-
served that the use of cuffed tracheal
tubes was not a risk factor for devel-
oping subglottic stenosis in patients
having corrective surgery for congeni-
tal cardiac defects. In the intensive
care setting, 2 LOE 5 prospective
cohort-controlled studies'®1% and 1
LOE 5 retrospective cohort-controlled
study'®documented no greater risk of
complications for children. >8 years
of age who were intubated with cuffed
compared with uncuffed tracheal
tubes.

One small LOE 5 case-controlled
study'"" showed that cuffed tracheal
tubes decreased the incidence of aspi-
ration in the PICU, and 1 LOE 5 case
series'% of children with burns under-
going general anesthesia showed a
significantly higher rate of excessive
air leak requiring immediate reintuba-
tion in patients initially intubated with
an uncuffed tracheal tube.

Treatment Recommendations

Both cuffed and uncuffed tracheal
tubes are acceptable for infants and
children undergoing emergency intu-
bation. If cuffed tracheal tubes are
used, avoid excessive cuff pressures.

Knowledge Gaps

What is the best technique to deter-
mine cuff pressure and/or the pres-
ence of an air leak when using cuffed
tracheal tubes in infants and children?
What is the optimal cuff or leak pres-
sure for children of different ages?
Does optimal cuff pressure vary based
on the type of cuffed tube (eg, Micro-
cuff®) used?

Are the data generated in elective op-
erating room studies applicable to
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emergency resuscitation scenarios?
Are there select populations of pediat-
ric patients whose outcomes are im-
proved by the use of cuffed tracheal
tubes during resuscitation?

Tracheal Tube sizePeds-057A, Peds-057B

Gonsensus on Science

Evidence from 1 LOE 2 prospective ran-
domized trial of elective intubation in
a pediatric operating room'® was
used to support the existing formula
for estimation of appropriate cuffed
tracheal tube internal diameter (ID):
ID (mm)=(age in years/4) + 3, also
known as the Khine formula. Detailed
analysis of this paper, however, re-
veals that the aggressive rounding up
of age employed by the authors intheir
calculations commonly resulted in se-
lection of a tube with an ID 0.5 mm
larger than the size derived from the
formula.

Evidence from 1 LOE 2 prospective ran-
domized multicenter study,'® 1 LOE
2,12 and 3 LOE 4 prospective observa-
tional studies of elective intubation in
the pediatric operating room?-115
supported use of 3mm ID cuffed tra-
cheal tubes for newborns and infants
(3.5 kg to 1 year of age) and 3.5-mm ID
cuffed tracheal tubes for patients 1 to
2 years of age.

One LOE 2 prospective randomized multi-
center study'™ and 3 LOE 4 prospec-
tive observational studies of elective in-
tubation in the pediatric operating
room''5-115 ysing Microcuff® tracheal
tubes support the use of the following
formula for cuffed endotracheal tubes
in children: ID (mm)=(age/4) + 3.5.
One LOE 2 prospective observational
study of elective intubation in the pedi-
atric operating room''? found that for-
mula acceptable but associated with a
marginally greater reintubation rate
than withthe Khine formula (ID [mm] =
[age in years/4] + 3).

e1266
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Treatment Recommendations

If a cuffed tracheal tube is used in in-
fants =3.5 kg and <1 year of age, it is
reasonable to use a tube with an ID of
3.0 mm. If a cuffed tracheal tube is
used in children between 1 and 2 years
of age, it is reasonable to use a tube
with an ID of 3.5 mm.

After the age of 2, it is reasonable to
estimate the cuffed tracheal tube size
with the formula ID (mm)=(age in
years/4) + 3.5. If the tracheal tube
meets resistance during insertion, a
tube with an ID 0.5 mm smaller should
be used. If there is no leak around the
tube with the cuff deflated, reintuba-
tion with a tube ID 0.5 mm smaller may
be beneficial when the patient is
stable.

Knowledge Gaps

Are the formulas for estimation of tra-
cheal tube size that are used for elec-
tive intubation in the operating room
setting applicable during resuscita-
tion?Is there an upper age limit for the
validity of the formula to estimate tube
size? Are length-based formulas more
accurate compared with age- or weight-
based formulas for estimating tracheal
tube size in infants and children?

Bag-Mask Ventilation Versus
IntubationPeds-008

Consensus on Science

One LOE 1 study''® compared para-
medic out-of-hospital BMV with intu-
bation for children with cardiac ar-
rest, respiratory arrest, or respiratory
failure in an EMS system with short
transport intervals and found equiva-
lent rates of survival to hospital dis-
charge and neurologic outcome. One
LOE 1 systematic review that included
this study'' also reached the same
conclusion.

One LOE 2 study of pediatric trauma
patients''® observed that out-of-hospital
intubation is associated with a higher
risk of mortality and postdischarge

neurologic impairment compared with
in-hospital intubation. These findings
persisted even after stratification for se-
verity of trauma and head trauma.

In 1 LOE 2 (nonrandomized) prehospi-
tal pediatric study,'® if paramedics
provided BMV while awaiting the ar-
rival of a physician to intubate the
patient, the risk of cardiac arrest and
overall mortality was lower than if
the patient was intubated by the para-
medics. These findings persisted even
after adjusting for Glasgow Coma Scale
score.

Four LOE 4 studies'?-125 showed a sig-
nificantly greater rate of failed intuba-
tions and complications in children
compared with adults in the out-of-
hospital and emergency department
settings. Conversely 1 LOE 3 out-of-
hospital study'? and 1 LOE 4 out-of-
hospital study'® failed to demonstrate
any difference in intubation failure
rates between adults and children.

Treatment Recommendations

BMV is recommended over tracheal in-
tubation in infants and children who
require ventilatory support in the out-
of-hospital setting when transport
time is short.

Knowledge Gaps

For the experienced airway specialist,
does tracheal intubation improve out-
comes in comparison with BMV for pe-
diatric resuscitation? Does the use of
neuromuscular blocking drugs im-
prove the outcome of children under-
going intubation during resuscitation?
What is the minimal initial training and
ongoing experience needed to improve
success rate and reduce complica-
tions of emergent intubation of infants
and children?

Bag-Mask Ventilation Versus
Supraglottic AirwayPeds-009

Gonsensus on Science
No studies have directly compared
BMV to the use of supraglottic airway
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devices during pediatric resuscita-
tion other than for the newly born in
the delivery room. Nine LOE 5 case re-
ports'?6-13¢ demonstrated the effective-
ness of supraglottic airway devices, pri-
marily the LMA, for airway rescue of chil-
dren with airway abnormalities.

One LOE 5 out-of-hospital adult study's®
supports the use of LMAs by first re-
sponders during CPR, but another LOE
5 out-of-hospital adult cardiac arrest
study’s8 of EMS personnel providing as-
sisted ventilation by either bag-mask de-
vice or LMA failed to show any signifi-
cant difference in ventilation (Paco,).
Six LOE 5 studies during anesthesia'3’~'42
demonstrated that complication rates
with LMAs increase with decreasing
patient age and size.

In 2 LOE 5 manikin studies'3# trained
nonexpert providers successfully de-
livered positive-pressure ventilation
using the LMA. Tracheal intubations re-
sulted in a significant incidence oftube
misplacement (esophageal or right
mainstem bronchus), a problem not
present with the LMA, but time to effec-
tive ventilation was shorter and tidal
volumes were greater with BMV.

In 2 LOE 5 studies of anesthetized chil-
dren™5146 gyitably trained ICU and
ward nurses placed LMAs with a high
success rate, although time to first
breath was shorter in the BMV group.
In a small number of cases ventilation
was achieved with an LMA when it
proved impossible with BMV.

Treatment Recommendations

BMV remains the preferred technique
for emergency ventilation during the
initial steps of pediatric resuscitation.
In infants and children for whom BMV
is unsuccessful, use of the LMA by ap-
propriately trained providers may be
considered for either airway rescue or
support of ventilation.

Knowledge Gaps
Are the data regarding use of supra-
glottic airways for elective airway
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management in the operating room
applicable to emergency resuscitation
scenarios? With an LMA in place, is it
necessary to pause chest compres-
sions to provide effective ventilations?
Is the combination of an oropharyn-
geal airway with BMV more or less ef-
fective than supraglottic airways?

Minute VentilationPeds-013A

Gonsensus on Science

There are no data to identify the opti-
mal minute ventilation (tidal volume or
respiratory rate) for infants or chil-
dren with an advanced airway during
GPR, regardless of arrest etiology.

Three LOE 5 animal studies—49
showed that ventilation during CPR af-
ter VF or asphyxial arrest resulted in
improved ROSC, survival, and/or neu-
rologic outcome compared with no
positive-pressure breaths.

Evidence from 4 LOE 5 adult studies!50-15
showed that excessive ventilation is
common during resuscitation from car-
diac arrest. In 1 LOE 5 animal study'?
excessive ventilation during resusci-
tation from cardiac arrest decreased
cerebral perfusion pressure, ROSC,
and survival compared with lower ven-
tilation rates. One good LOE 5 animal
study'® found that increasing respira-
tory rate during conditions of reduced
cardiac output improved alveolar ven-
tilation but not oxygenation, and it re-
duced coronary perfusion pressure.

In 1 LOE 5 prospective, randomized
adult study®™* constant-flow insuffla-
tion with oxygen compared with con-
ventional mechanical ventilation dur-
ing GPR did not change outcome (ROSC,
survival to admission, and survival to
ICU discharge). In another LOE 5 adult
study,’ adults with witnessed VF ar-
rest had improved neurologically in-
tact survival with passive oxygen insuf-
flation compared with BMV, whereas
there was no difference in survival if
the VF arrest was unwitnessed.
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Two LOE 5 animal studies showed that
ventilation or continuous positive air-
way pressure (CPAP) with oxygen
compared with no ventilation im-
proved arterial blood gases's but did
not change neurologically intact sur-
vival.’™” One good-quality LOE 5 animal
study'® showed that reducing tidal vol-
ume by 50% during CPR resulted in
less excessive ventilation without af-
fecting ROSC.

Treatment Recommendations
Following placement of a secure air-
way, avoid excess ventilation of infants
and children during resuscitation
from cardiac arrest, whether asphyx-
ial or due to VF. A reduction in minute
ventilation to less than baseline for
age is reasonable to provide suffi-
cient ventilation to maintain adequate
ventilation-to-perfusion ratio during
GCPR while avoiding the harmful effects
of excessive ventilation. There are in-
sufficient data to identify the optimal
tidal volume or respiratory rate.

Knowledge Gaps

What is the optimal minute ventilation
to achieve ventilation-perfusion match-
ing during pediatric CPR? Is it prefera-
ble to reduce tidal volume or respira-
tory rate to achieve optimal minute
ventilation during pediatric CPR? Does
hypoventilation (ie, hypercarbia) dur-
ing resuscitation affect outcome from
pediatric cardiac arrest? Does passive
oxygen insufflation or CPAP during car-
diac arrest in infants and children pro-
vide adequate gas exchange or im-
prove outcome from resuscitation?

Devices to Verify Advanced Airway
PlacementPeds-004

Gonsensus on Science

No single assessment method accu-
rately and consistently confirms tra-
cheal tube position. Three LOE 4 stud-
ies’159160  showed that when a
perfusing cardiac rhythm is present in
infants (>2 kg) and children, detec-
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tion of exhaled CO, using a colorimet-
ric detector or capnometer has a high
sensitivity and specificity for confirm-
ing endotracheal tube placement. One
of these studies” included infants
and children in cardiac arrest. In the
cardiac arrest population the sensi-
tivity of exhaled CO, detection was
only 85% (ie, false-negatives occurred),
whereas the specificity remained at
100%.

One neonatal LOE 5 study'®' of delivery
room intubation demonstrated that
detection of exhaled CO, by capnogra-
phy was 100% sensitive and specific
for detecting esophageal intubation
andtook lesstimethan clinical assess-
ment to identify esophageal intuba-
tion. Two additional neonatal LOE 5
studies’62165 showed that confirma-
tion of tracheal tube position is faster
with capnography than with clinical
assessment.

Two pediatric LOE 4 studies'®+165
showed that in the presence of a per-
fusing rhythm, exhaled CO, detection
or measurement can confirm tracheal
tube position accurately during trans-
port, while 2 LOE 5 animal studies'66.167
showed that tracheal tube displace-
ment can be detected more rapidly by
C0, detection than by pulse oximetry.

One LOE 2 operating room study!ss
showed that the esophageal detector
device (EDD) is highly sensitive and
specific for correct tracheal tube
placement in children >20 kg with a
perfusing cardiac rhythm; there have
been no studies of EDD use in children
during cardiac arrest. An LOE 4 oper-
ating room (ie, non-arrest) study's?
showed that the EDD performed well
but was less accurate in children
<20 kg.

Treatment Recommendations

Confirmation of tracheal tube position
using exhaled C0, detection (colori-
metric detector or capnography) should
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be used for intubated infants and chil-
dren with a perfusing cardiac rhythm
in all settings (eg, out-of-hospital,
emergency department, ICU, inpatient,
operating room).

In infants and children with a perfus-
ing rhythm, it may be beneficial to
monitor continuous capnography or
frequent intermittent detection of ex-
haled CO, during out-of-hospital and
intra-/interhospital transport.

The EDD may be considered for confir-
mation of tracheal tube placement in
children weighing >20 kg when a per-
fusing rhythm is present.

Knowledge Gaps

Which technique for CO, detection (col-
orimetric versus capnography) is
more accurate during pediatric resus-
citation? For infants and children in
cardiac arrest, what is the most reli-
able way to achieve confirmation of
tracheal tube position?

Cricoid PressurePeds-039A, Peds-039B

Consensus on Science

There are no data to show that cricoid
pressure prevents aspiration during
rapid sequence or emergency tracheal
intubation in infants or children. Two
LOE 5 studies'®'" showed that cricoid
pressure may reduce gastric inflation
in children. One LOE 5 study in chil-
dren'2 and 1 LOE 5 study in adult ca-
davers'” demonstrated that esopha-
geal reflux is reduced with cricoid
pressure.

In 1 LOE 5 adult systematic review'™
laryngeal manipulation enhanced BMV
or intubation in some patients while
impeding it in others. One LOE 5 study
in anesthetized children'™ showed
that cricoid pressure can distort the
airway with a force of as low as 5
newtons.

Treatment Recommendations
If cricoid pressure is used during
emergency intubations in infants and

children it should be discontinued if it
impedes ventilation or interferes with
the speed or ease of intubation.

Knowledge Gaps

Can cricoid pressure reduce the inci-
dence of aspiration during emergent
intubation of infants or children? How
much cricoid pressure should be ap-
plied, and what is the best technique to
reduce gastric inflation during BMV?

CHEST COMPRESSIONS

The concept of chest compression-only
CPRis appealing because it is easierto
teach than conventional GPR, and im-
mediate chest compressions may be
beneficial for resuscitation from sud-
den cardiac arrest caused by VF or
pulseless VT. Animal studies showed
that conventional GPR, including venti-
lations and chest compressions, is
best for resuscitation from asphyxial
cardiac arrest. In a large study of out-
of-hospital pediatric cardiac arrest,'’®
few children with asphyxial arrest re-
ceived compression-only GPR and their
survival was no better than in children
who received no GPR.

To be effective, chest compressions
must be deep, but it is difficult to deter-
mine the optimal depth in infants and
children; should recommended depth
be expressed as a fraction of the depth
of the chest or an absolute measure-
ment? How can this be made practical
and teachable?

Compression-Only GPRPeds-012A

Gonsensus on Science

Evidence from 1 LOE 2 large out-of-
hospital pediatric prospective obser-
vational investigation'”® showed that
children with cardiac arrest of noncar-
diac etiology (asphyxial arrest) had a
higher 30-day survival with more fa-
vorable neurologic outcome if they re-
ceived standard bystander CPR (chest
compressions with rescue breathing)
compared with chest compression-
only CPR. Standard CPR and chest
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compression-only CPR were similarly
effective and better than no bystander
GPR for pediatric cardiac arrest from
cardiac causes. Of note, the same
study showed that more than 50% of
children with out-of-hospital cardiac
arrest did not receive any bystander
CPR. Gompression-only GPR was as in-
effective as no GPR in the small num-
ber of infants and children with as-
phyxial arrest who did not receive
ventilations.

Two LOE 5 animal studies™8'7 demon-
strated improved survival rates and fa-
vorable neurologic outcome with stan-
dard CPR compared with no CPR. One
LOE 5 animal study'”® showed that blood
gases deteriorated with compression-
only GPR compared with standard CPR
in asphyxial arrests.

Data from 1 LOE 5 animal study'” indi-
cated that compression-only CPR is
betterthan no CPR for asphyxial arrest
but not as effective as standard CPR,
and 7 LOE 5 clinical observational
studies in adults'*-'8 showed that
compression-only GPR can result in
successful resuscitation from an as-
phyxial arrest. Moreover, in 10 LOE 5
animal studies'®-'% and 7 LOE 5 adult
clinical observational studies'78-184195
compression-only bystander CPR was
generally as effective as standard
1-rescuer bystander GPR for arrests
from presumed cardiac causes.

Treatment Recommendations
Rescuers should provide conventional
CPR (rescue breathing and chest com-
pressions) for in-hospital and out-of-
hospital pediatric cardiac arrests. Lay
rescuers who cannot provide rescue
breathing should at least perform
chest compressions for infants and
children in cardiac arrest.

Knowledge Gaps

Does teaching compression-only CGPR
to lay rescuers increase the likelihood
that CPR will be performed during out-
of-hospital pediatric cardiac arrest?
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One- Versus 2-Hand Chest
Compression in ChildrenPeds-033

Consensus on Science

There are no outcome studies compar-
ing 1- versus 2-hand chest compres-
sions for children in cardiac arrest.
Evidence from 1 LOE 5 randomized cross-
over child manikin study'*® showed
that higher chest-compression pres-
suresaregeneratedbyhealthcareprofes-
sionals using the 2-hand technique. Two
LOE 5 studies'®”'® report no increase in
rescuer fatigue comparing 1-hand with
2-hand chest compressions delivered by
healthcare providers to a child-sized
manikin.

Treatment Recommendations

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

Knowledge Gaps
Does the use of 1-hand compared with
2-hand chest compressions during pe-
diatric cardiac arrest affect quality of
GPR or outcome?

Circumferential Chest Squeeze in
InfantsPeds-034

Consensus on Science

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

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

Knowledge Gaps

Does the addition of a circumferential
squeeze to 2-thumb compression in in-
fants provide more effective chest
compressions or improve resuscita-
tion outcome?
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Chest Compression
Depthl'eds-(MOA, Peds-040B

Gonsensus on Science

Evidence from anthropometric mea-
surements in 3 good-quality LOE 5 case
series'®-201 showed that in children
the chest can be compressed to one
third of the anterior-posterior chest di-
ameter without causing damage to in-
trathoracic organs. One LOE 5 mathe-
matical model based on neonatal chest
computed tomography scans?? sug-
gests that one third anterior-posterior
chest compression depth is more ef-
fective than one fourth compression
depth and saferthan one half anterior-
posterior compression depth.

A good-quality LOE 5%2 adult study
found that chest compressions are
often inadequate, and a good-quality
LOE 4 pediatric study?® showed that
during resuscitation of patients >8
years of age, compressions are often
too shallow, especially following res-
cuer changeover. Evidence from 1 pe-
diatric LOE 4 systematic review of
the literature?® showed that rib frac-
tures are rarely associated with chest
compressions.

Treatment Recommendations

In infants, rescuers should be taught
to compress the chest by at /east one
third the anterior-posterior dimension
or approximately 1% inches (4 cm). In
children, rescuers should be taught to
compress the chest by at /east one
third the anterior-posterior dimension
or approximately 2 inches (5 cm).

Knowledge Gaps

Can lay rescuers or healthcare provid-
ers reliably perform compressions to
the recommended depth during pedi-
atric cardiac arrest? Is there harm
from compressions that are “too
deep” in infants?

COMPRESSION-VENTILATION RATIO
The ILCOR Neonatal Task Force contin-
ues to recommend a compression-
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ventilation ratio of 3:1 for resuscita-
tion of the newly born in the delivery
room, with a pause for ventilation
whether or not the infant has an ad-
vanced airway. The Pediatric Task
Force reaffirmed its recommendation
for a 15:2 compression-ventilation ra-
tio for 2-rescuer infant CPR, with a
pause for ventilation in infants without
an advanced airway, and continuous
compressions without a pause for ven-
tilation for infants with an advanced
airway.

No previous recommendations were
made for hospitalized newborns cared
for in areas other than the delivery
area or with primary cardiac rather
than asphyxial arrest etiology. For ex-
ample, consider the case of a 3-week-
old infant who has a cardiac arrest
following cardiac surgery. In the neo-
natal intensive care unit such an infant
would be resuscitated according to
the protocol for the newly born, but if
the same infant is in the PICU, resusci-
tation would be performed according
to the infant guidelines. A resolution to
this dilemma is suggested on the ba-
sis of the arrest etiology and ease of
training.

Optimal Compression-Ventilation
Ratio for Infants and
ChildrenPeds-0118

Gonsensus on Science

There are insufficient data to identify
an optimal compression-ventilation
ratio for CPR in infants and children.
In 4 LOE 5 manikin studies?%-207 exam-
ining the feasibility of compression-
ventilation ratios of 15:2 and 5:1, lone
rescuers could not deliver the de-
sired number of chest compressions
per minute at a ratio of 5:1.In 5 LOE 5
studies?08-212 ysing a variety of mani-
kin sizes comparing compression-
ventilation ratios of 15:2 with 30:2, a
ratio of 30:2 yielded more chest com-
pressions with no, or minimal, in-
crease in rescuer fatigue. One LOE 5
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study?'s of volunteers recruited in an
airport to perform 1-rescuer layper-
son GCPR on an adult-sized manikin
observed less “no flow time” with the
use of a 30:2 ratio compared with a
15:2 ratio.

One LOE 5 observational human
study?'* comparing resuscitations by
firefighters before and after the
change from a recommended 15:2 to
30:2 compression-ventilation ratio re-
ported more chest compressions per
minute with the 30:2 ratio, but the rate
of ROSC was unchanged. Three LOE 5
animal studies'¥?215216 showed that
coronary perfusion pressure, a major
determinant of success in resuscita-
tion, rapidly declines when chest com-
pressions are interrupted; once com-
pressions are resumed, several chest
compressions are needed to restore
coronary perfusion pressure to prein-
terruption levels. Thus, frequent inter-
ruptions of chest compressions pro-
long the duration of low coronary
perfusion pressure and flow and re-
duce the mean coronary perfusion
pressure. Three LOE 5 manikin stud-
ies213,217,218 and 3 LOE 5151,152,219 in, and
out-of-hospital adult human studies
documented long interruptions in
chest compressions during simulated
or actual resuscitations. Three LOE 5
adult studies?®-222 demonstrated that
these interruptions reduced ROSC.

In 5 LOE 5 animal studies!?"192194215-216
chest compressions without ventila-
tions were sufficient to resuscitate
animals with VF-induced cardiac ar-
rest. Conversely in 2 LOE 5 animal stud-
ies?2224 decreasing the frequency of
ventilation was detrimental in the first
5 to 10 minutes of resuscitation of
VF-induced cardiac arrest.

One LOE 5 mathematical model®® sug-
gested that the compression-ventilation
ratio in children should be lower (more
ventilations to compressions) than in
adults and should decrease with de-
creasing weight. Two LOE 5 studies of

asphyxial arrest in pigs'“®!"” showed that
ventilations added to chest compres-
sions improved outcome compared with
compressions alone. Thus, ventilations
are more important during resuscita-
tion from asphyxia-induced arrest than
during resuscitation from VF. But even
in asphyxial arrest, fewer ventilations
are needed to maintain an adequate
ventilation-perfusion ratio in the pres-
ence of the low cardiac output (and con-
sequently low pulmonary blood flow)
produced by chest compressions.

Treatment Recommendations

For ease of teaching and retention, a
compression-ventilation ratio of 30:2
is recommended for the lone rescuer
performing GPR in infants and children,
as is used for adults. For healthcare
providers performing 2-rescuer GPR in
infants and children, a compression-
ventilation ratio of 15:2 is recom-
mended. When a tracheal tube is in
place, compressions should not be in-
terrupted for ventilations.

Knowledge Gaps
What is the optimal compression-
ventilation ratio to improve outcome
for neonates, infants, and children in
cardiac arrest?

Newhorns (Out of the Delivery
Area) Without an Endotracheal
AirwayPeds-ozn\

Gonsensus on Science

There are insufficient data to identify
an optimal compression-ventilation
ratio for all infants in the first month of
life. One LOE 5 animal study'®? showed
that coronary perfusion pressure de-
clined with interruptions in chest
compressions; after each interruption,
several chest compressions were re-
quired to restore coronary perfusion
pressure to preinterruption levels.
One LOE 5 adult human study??' and 2
LOE 5 animal studies?'5?22 showed that
interruptions in chest compression
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reduced the likelihood of ROSC in VF
cardiac arrest.

One LOE 5 1-rescuer manikin study??
showed that more effective ventilation
was achieved with a 3:1 ratio than
with a 5:1, 10:2, or 15:2 ratio. One LOE 5
mathematical study of cardiovascular
physiology?® suggested that blood
flow rates in neonates are best at com-
pression rates of >120/min.

Treatment Recommendations

There are insufficient data to rec-
ommend an optimal compression-
ventilation ratio during CPR for all in-
fants in the first month of life (beyond
the delivery room). The limited data
available suggest that if the etiology of
the arrest is cardiac, a 15:2 ratio (2
rescuers) may be more effective than
a 3:1 ratio.

Knowledge Gaps

Do healthcare providers perform bet-
ter CPR if they learn 1 rather than 2
compression-ventilation ratios based
on etiology of the arrest (cardiac or
asphyxial)?

Newborns (Out of Delivery Area)
With a Tracheal TubePeds-026A

Gonsensus on Science

There is insufficient evidence to de-
termine if an intubated neonate has a
better outcome from cardiac arrest
using a 3:1 compression-ventilation
ratio and interposed ventilations
compared with continuous chest com-
pressions without pause for ventila-
tions (asynchronous compressions
and ventilations).

Two LOE 5 adult?0222 and 2 LOE 5 ani-
mal'¥192 studies demonstrated that in-
terruptions in chest compressions re-
duced coronary perfusion pressure,
a key determinant of successful resus-
citation in adults, and decreased ROSC.
There are no equivalent studies evalu-
ating the impact of interrupted chest
compressions in asphyxiated neonates
or neonatal animal models.
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In 1 LOE 5 piglet study??” of VF arrest,
myocardial blood flow increased using
simultaneous chest compressions and
high—airway pressure ventilations in a
1:1 ratio as compared with conven-
tional CPR at a 5:1 ratio. Another LOE 5
VF piglet study??® demonstrated equiv-
alent cardiac output but worsened gas
exchange using a 1:1 compression-
ventilation ratio (ie, simultaneous
compressions and ventilations) with
high airway pressures compared with
conventional CPR at a 5:1 ratio.

One LOE 58 study in nonintubated as-
phyxiated piglets resuscitated with a
9:1 compression-ventilation ratio showed
that ventilations are important for suc-
cessful resuscitation. One LOE 5 study
in intubated asphyxiated piglets'’®
showed that the addition of ventila-
tions resulted in lower arterial CO, ten-
sion (Paco,) without compromising
hemodynamics when compared with
compressions alone. One LOE 5 mani-
kin study??® found that healthcare pro-
viders were unable to achieve the rec-
ommended rate of ventilations during
infant CPR at a 3:1 compression-
ventilation ratio, with 20% delivering a
net rate of 40 breaths per minute after
5 minutes of resuscitation. There are
no studies that evaluate the impact of
continuous compressions on minute
ventilation, gas exchange, or the out-
come of resuscitation during GPR for
intubated neonates.

Treatment Recommendations

For ease of training, providers should
use the compression-ventilation ratio
and resuscitation approach that is
most commonly used in their practice
environment for intubated term or
near-term newborns within the first
month of life. Intubated newborns (ie,
those with an advanced airway) who
require GPR in non-neonatal settings
(eg, prehospital, emergency depart-
ment, PICU, etc) or those with a cardiac
etiology of cardiac arrest, regardless
of location, should receive GPR accord-
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ing to infant guidelines (continuous
chest compressions without pause for
ventilations).

Knowledge Gaps

In intubated infants in cardiac arrest,
can effective ventilations be per-
formed during continuous chest com-
pressions with asynchronous venti-
lations? Do pauses for ventilations
during CPR affect the outcome from
cardiac arrest in intubated infants?

VASCULAR ACCESS

AND DRUG DELIVERY

There is no new evidence to change
the 2005 ILCOR recommendations on
vascular access, including the early
use of intraosseous (10) access and de-
emphasis of the tracheal route of drug
delivery. Epidemiological data, largely
from the National Registry of CPR
(NRCPR), reported an association be-
tween vasopressin, calcium, or so-
dium bicarbonate administration and
anincreased likelihood of death. These
data, however, cannot be interpreted
as a cause-and-effect relationship. The
association may be due to more fre-
quent use of these drugs in children
who fail to respond to standard basic
and advanced life support interven-
tions. These and other data in adults
question the benefit of intravenous (V)
medications during resuscitation and
reemphasize the importance of high-
quality CPR.

Intraosseous AccessPeds-035

Gonsensus on Science

There are no studies comparing 10
with IV access in children with cardiac
arrest. In 1 LOE 5 study of children
in shock?Y 10 access was frequently
more successful and achieved more
rapidly than IV access. Eight LOE 4 case
series®-2%8 showed that providers
with many levels of training could rap-
idly establish 10 access with minimal
complications for children with car-
diac arrest.
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Treatment Recommendations

I0 cannulation is an acceptable route
of vascular access in infants and chil-
dren with cardiac arrest. It should be
considered early in the care of criti-
cally ill children whenever venous ac-
cess is not readily attainable.

Knowledge Gaps

Does the use of I0 compared with IV
vascular access improve outcome of
pediatric cardiac arrest? Does the use
of newer |0 devices (eg, bone injection
guns and drills) compared with con-
ventional 10 needles affect outcome in
pediatric cardiac arrest?

Tracheal Drug DeliveryPeds-036

Consensus on Science

One LOE 3 study of children with in-
hospital cardiac arrest?®® demon-
strated similar ROSC and survival
rates, whereas 2 LOE 5 studies of
adults in cardiac arrest24024" demon-
strated reduced ROSC and survival to
hospital discharge rates when tra-
cheal instead of IV epinephrine was
given. One LOE 5 case series of neo-
natal asphyxial bradycardia*? demon-
strated similar rates of ROSC whether
IV or tracheal epinephrine was ad-
ministered, whereas another LOE 5
study?*3 demonstrated a lower rate of
ROSC in neonates given tracheal as op-
posed to IV epinephrine. Many of the
human studies used tracheal epineph-
rine doses of <0.1 mg/kg.

In some animal studies®4-2% |ower
doses of tracheal epinephrine (0.01 to
0.05 mg/kg) produced transient dele-
terious B-adrenergic vascular effects
resulting in lower coronary artery per-
fusion. One LOE 5 study®? of animals in
VF cardiac arrest demonstrated a
higher rate of ROSC in those treated
with tracheal vasopressin compared
with IV placebo.

Four LOE 5 studies of animals in car-
diac arrest?'-24 demonstrated similar
ROSC and survival rates when either
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tracheal or IV routes were used to de-
liver epinephrine. These studies also
demonstrated that to reach an equiva-
lent biological effect, the tracheal dose
must be up to 10 times the IV dose.

Treatment Recommendations

The preferred routes of drug delivery
for infants and children in cardiac ar-
rest are IV and 10. If epinephrine is ad-
ministered via a tracheal tube to in-
fants and children (not including the
newly born) in cardiac arrest, the rec-
ommended dose is 0.1 mg/kg.

Knowledge Gaps

What is the optimal dose of tracheal
epinephrine during pediatric cardiac
arrest?

DEFIBRILLATION

The Pediatric Task Force evaluated
several issues related to defibrillation,
including safe and effective energy
dosing, stacked versus single shocks,
use of automated external defibrilla-
tors (AEDs) in infants <1 year of age
and paddle/pad type, size, and posi-
tion. There were a few new human and
animal studies onthese topics, and the
level of evidence (LOE) was generally 3
to 5. No new data are available to sup-
port a change in drug treatment of re-
current or refractory VF/pulseless VT.
There were several human and animal
publications on defibrillation energy
dose, but the data are contradictory
and the optimal safe and effective en-
ergy dose remains unknown.

The new recommendation of an initial
dose of 2 to 4 J/kg is based on cohort
studies showing low success in termi-
nation of VF in children with 2 J/kg.
However, these studies do not provide
data on success or safety of higher en-
ergy doses. The reaffirmation of the
recommendation for a single initial
shock rather than stacked shocks
(first made in 2005) is extrapolated
from the ever-increasing adult data
showing that long pauses in chest

compressions required for stacked
shocks are associated with worse re-
suscitation outcomes and that the ini-
tial shock success rate is relatively
high with biphasic defibrillation.

No changes are recommended in pad/
paddle size or position. Although the
safety of AEDs in infants <1 yearis un-
known, case reports have documented
successful defibrillation using AEDs in
infants. A manual defibrillator or an
AED with pediatric attenuation capabil-
ities is preferred for use in infants and
small children.

Paddle Size and OrientationPeds-029

Gonsensus on Science

One LOE 5 study in adults® demon-
strated that shock success increased
from 31% to 82% when pad size was
increased from 8X8 cm to 12X12 cm.
Three pediatric LOE 4,256-28 3 adult LOE
0,255.259260 gndl 3 LOE 5 animal?6'-283 stud-
ies demonstrated that transthoracic
impedance decreases with increasing
pad size. Decreased transthoracic im-
pedance increases transthoracic cur-
rent and, thus, presumably, transmyo-
cardial current.

Pad Position

Gonsensus on Science

One pediatric LOE 4 study?®* observed
no difference in the rate of ROSC be-
tween antero-lateral and anterior-
posterior electrode positions for
shock delivery. One pediatric LOE 2
study,?6 2 adult LOE 5 studies, 5266 and
1 LOE 5 animal study?3 demonstrated
that transthoracic impedance is not
dependent on pad position. Transtho-
racic impedance was increased in 1
adult LOE 5%7 study by placing the pads
too close together and in 1 LOE 5%0
study when the pads were placed over
the female breast. Additionally, 1 adult
LOE 578 study showed that placing the
apical pad in a horizontal position low-
ers transthoracic impedance.
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Treatment Recommendation

There is insufficient evidence to alter
the current recommendations to use
the largest size paddles/pads that fit
on the infant or child’s chest without
touching each other or to recommend
one paddle/pad position or type over
another.

Self-Adhesive Pads Versus
PaddlesPeds-043A, Peds-043B

Gonsensus on Science

There are limited studies comparing
self-adhesive defibrillation pads (SADPs)
with paddles in pediatric cardiac ar-
rest. One pediatric LOE 4%6* study dem-
onstrated equivalent ROSC rates when
paddles or SADPs were used. One LOE
9%9 adult out-of-hospital cardiac ar-
rest study suggested improved sur-
vival to hospital admission when
SADPs rather than paddles were used.

One adult LOE 520 study showed a
lower rate of rhythm conversion, and
1 small adult LOE 527" study showed at
least equivalent success with the use
of SADPs in comparison with paddles
in patients undergoing cardioversion
for atrial fibrillation. Two adult LOE 5272275
studies showed equivalent transthorac-
icimpedance with SADPs or paddles. One
adult LOE 5%6 and 2 LOE 5 animal?’4?7
studies showed that SADPs had a higher
transthoracic impedance than paddles.

One LOE 4276 study described difficulty
with fitting self-adhesive pads onto the
thorax of a premature infant without
the pads touching. One LOE 577 study
demonstrated the improved accuracy
of cardiac rhythm monitoring follow-
ing defibrillation using SADPs com-
pared with the combination of paddles
and gel pads.

Using standard resuscitation proto-
cols in simulated clinical environ-
ments, 1 LOE 528 study found no signif-
icant difference in the time required to
deliver shocks using either SADPs or
paddles, and 1 LOE 59 study found no
significant difference in time without

PEDIATRICS Volume 126, Number 5, November 201

0
Downloaded from pediatrics.aappublications.org by guest on August 22, 2011

compressions when SADPs or paddles
were used.

Treatment Recommendations

Either self-adhesive defibrillation pads
or paddles may be used in infants and
children in cardiac arrest.

Knowledge Gaps

Is the use of hands-on defibrillation
safe for rescuers and does it improve
outcome for infants and children in car-
diac arrest (eg, by presumably reducing
interruptions in chest compressions)?

Number of ShocksPeds-022A

Consensus on Science

There are no randomized controlled
studies examining a single versus se-
quential (stacked) shock strategy in
children with VF/pulseless VT. Evidence
from 7 LOE 5 studies in adults with
VF221.280-285 gypported a single-shock
strategy over stacked or sequential
shocks because the relative efficacy of
a single biphasic shock is high and
the delivery of a single shock reduces
duration of interruptions in chest
compressions.

Treatment Recommendations
Asingle-shock strategy followed by im-
mediate CPR (beginning with chest
compressions) is recommended for
children with out-of-hospital or in-
hospital VF/pulseless VT.

Knowledge Gaps

Are there circumstances during which
the use of stacked or multiple shocks
can improve outcome from pediatric
cardiac arrest?

Energy DosePeds-023A, Peds-0238

Gonsensus on Science

Two LOE 4264288 studies reported no re-
lationship between defibrillation dose
and survival to hospital discharge or
neurologic outcome from VF/pulseless
VT. Evidence from 3 LOE 4 studies in
children in out-of-hospital and in-
hospital settings?64287.28 ghserved that
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aninitial dose of 2 J/kg was effective in
terminating VF 18% to 50% of the time.
Two LOE 4 studies?®.28 reported that
children often received more than 2
J/kg during out-of hospital cardiac ar-
rest, with many (69%) requiring =3
shocks of escalating energy doses.
One in-hospital cardiac arrest LOE 4
study®* reported that the need for
multiple shocks with biphasic energy
doses of 2.5 t0 3.2 J/kg was associated
with lack of ROSC.

Evidence from 2 LOE 5 animal stud-
ies2021 ghserved that 0% to 8% of ep-
isodes of long-duration VF were termi-
nated by a 2 J/kg monophasic shock
and up to 32% were terminated by bi-
phasic shocks. Animals in these stud-
ies received both fixed and escalated
doses, and most required 2 or more
shocks to terminate VF. In 1 LOE 5 ani-
mal study?s® the defibrillation thresh-
old for short-duration VF was 2.4 J/kg,
whereas in another?! it was 3.3 J/kg.

In 4 LOE 5 animal studies290292-294 of AED
shocks delivered using a pediatric at-
tenuator, 50 J and 50—76—86J (2.5t0
4 J/ kg) escalating doses were effec-
tive at terminating long-duration VF
but required multiple shocks.In 1 LOES
animal study? 10 J/kg shocks were
more effective at terminating long-
duration VF (6 minutes) with 1 shock
than 4 J/kg shocks.

In 2 LOE 4 pediatric studies®4%% and 4
LOE 5 animal studies,290292-2% energy
doses of 2to 10 J/kg for short- or long-
duration VF resulted in equivalent
rates of survival. Myocardial damage,
as assessed by hemodynamic or bio-
chemical measurements, was less
when a pediatric attenuator was used
with an adult energy dose compared
with a full adult AED dose, but the de-
gree of myocardial damage was not
associated with any difference in 4- or
72-hour survival. An LOE 5 animal
study?® found no difference in hemo-
dynamic parameters or biochemical
measurements of myocardial damage
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comparing biphasic 150 J (4 J/kg) with
monophasic 360 J/kg (10 J/kg) shocks.

In 2 LOE 5 animal studies?92" hiphasic
waveforms were more effective than
monophasic waveforms for treatment
of VF/pulseless VT. There are no human
data that directly compare monopha-
sic to biphasic waveforms for pediat-
ric defibrillation.

Treatment Recommendations

An initial dose of 2 to 4 J/kg is reason-
able for pediatric defibrillation. Higher
subsequent energy doses may be safe
and effective.

Knowledge Gaps

What is the minimum effective and
maximum safe defibrillation energy
dose for pediatric VF/pulseless VT?
What is the optimal parameter (eg,
weight or length) on which to base de-
fibrillation energy doses for infants
and children? Should the energy dose
for defibrillation be escalated for
shock-refractory VF?

Does the use of biphasic waveforms
when compared to monophasic wave-
forms improve outcome from pediat-
ric cardiac arrest?

Amiodarone Versus Lidocaine for
Refractory VF/Pulseless VTPeds-019

Gonsensus on Science

In 2 LOE 5 prospective out-of-hospital
adult trials IV amiodarone improved
ROSC and survival to hospital admis-
sion but not hospital discharge when
compared with placebo?® or lido-
caine®” for treatment of shock-
refractory VF/pulseless VT. Evidence
from 2 LOE 5 case series in chil-
dren2%82% sypported the effectiveness
of amiodarone for the treatment and
acute conversion of life-threatening
(nonarrest) ventricular arrhythmias.
There are no pediatric data investigat-
ing the efficacy of lidocaine for shock
refractory VF/ pulseless VT.
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Treatment Recommendations
Amiodarone may be used for the treat-
ment of shock-refractory or recur-
rent VF/pulseless VT in infants and
children; if amiodarone is not avail-
able, lidocaine may be considered.

Knowledge Gaps

Does the use of amiodarone compared
with lidocaine improve outcome from
shock-refractory or recurrent VF/
pulseless VT in infants and children? Is
lidocaine effective for the treatment of
VF/pulseless VT in children?

AED Use in Infantsl'eds-ooﬂl, Peds-001B

Consensus on Science

One LOE 450 and 2 LOE 528301 studies
showed that infants in cardiac arrest
(in- and out-of-hospital) may have
shockable rhythms. Evidence from 3
LOE 5%92-5% studies showed that many
AED devices can safely and accurately
distinguish between a shockable and
nonshockable rhythm in infants and
children.

The optimal energy dose for defibrilla-
tion in infants has not been estab-
lished, but indirect data from 5 LOE 5
animal studies?87.294305-507 showed that
the young myocardium may be able to
tolerate high-energy doses. In 3 LOE 5
animal studies a pediatric attenuator
used with an adult-dose biphasic AED
shock was as effective and less harm-
ful than monophasic weight-based
doses? or biphasic adult doses.2922%

Two LOE 4 case reports®08309 described
survival of infants with out-of-hospital
cardiac arrest when AED use was cou-
pled with bystander CPR and defibrilla-
tion using an AED. Two pediatric LOE 5
case reports’1%3' noted successful de-
fibrillation with minimal myocardial
damage and good neurologic outcome
using an AED with adult energy doses.

Treatment Recommendations

For treatment of out-of-hospital VF/
pulseless VT in infants, the recom-
mended method of shock delivery by

device is listed in order of preference
below. If there is any delay in the avail-
ability of the preferred device, the de-
vice that is available should be used.
The AED algorithm should have demon-
strated high specificity and sensitivity
for detecting shockable rhythms in in-
fants. The order of preference is as
follows:

1. Manual defibrillator
2. AED with dose attenuator

3. AED without dose attenuator

Knowledge Gaps

Is there a lower limit of infant size or
weight below which an AED should not
be used?

ARRHYTHMIA THERAPYPeds-030

The evidence on emergency treatment
of arrhythmias was reviewed and the
only change was the addition of pro-
cainamide as possible therapy for re-
fractory supraventricular tachycardia
(SVT).

Unstable VT

Gonsensus on Science

There is insufficient evidence to sup-
port or refute the efficacy of electric
therapy over drug therapy or the supe-
riority of any drug for the emergency
treatment of unstable VT in the pediat-
ric age group. In 2 LOE 5 adult case
series,*'231% early electric cardiover-
sion was effective for treatment of un-
stable VT.

In 4 small LOE 4 pediatric case se-
ries298.29514315 gmiodarone was effec-
tive in the management of VT. One
prospective randomized multicenter
safety and efficacy LOE 2 trial evaluat-
ing amiodarone for the treatment of
pediatric tachyarrhythmias3'® found
that 71% of children treated with ami-
odarone experienced cardiovascular
side effects. Both efficacy and adverse
events were dose-related.
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Treatment Recommendations

[t is reasonable to use synchronized
electric cardioversion as the pre-
ferred first therapy for pediatric VT
with hypotension or evidence of poor
perfusion. If drug therapy is used to
treat unstable VT, amiodarone may be
a reasonable choice, with careful he-
modynamic monitoring performed
during its slow delivery.

Knowledge Gaps

What is the optimal dose of energy
for synchronized cardioversion during
treatment of unstable VT in pediatric
patients?

Drugs for Supraventricular
TachycardiaPeds-031

Gonsensus on Science

Twenty-two LOE 4 studies in infants and
children®'"-%% demonstrated the effec-
tiveness of adenosine for the treat-
ment of hemodynamically stable or
unstable SVT. One LOE 4 study®® and
4 larger LOE 5 studies involving teen-
agers and adults®0-34% also demon-
strated the efficacy of adenosine, al-
though frequent but transient side
effects were reported.

One LOE 2 study®** showed highly suc-
cessful (approximately 90%) treatment
of SVT in infants and children using
adenosine or verapamil and superior-
ity of these drugs to digitalis (61% to
71%). One LOE 5 randomized prospec-
tive adult study®* and 1 LOE 5 meta-
analysis, primarily involving adults
but including some children,3*6 demon-
strated the effectiveness of verapamil
and adenosine in treating SVT and
highlighted the cost-effectiveness of
verapamil over adenosine.

One LOE 4 randomized, prospective
study®'® and 15 LOE 4 small case series
and observational studies in infants and
Chi|dren298,299,314,515,347—357 Showed that
amiodarone was effective in the treat-
ment of supraventricular tachyarrhyth-
mias. Generalization to pediatric SVT
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treatment with amiodarone may be lim-
ited, however, since most of these stud-
ies in children involved postoperative
junctional tachycardia.

Rare but significant side effects have
been reported in association with rapid
administration of amiodarone. Brady-
cardia and hypotension were reported
in 1 prospective LOE 4 study,’'s cardio-
vascular collapse was reported in 2 LOE
9 case reports,38%%9 and polymorphic VT
was reported in 1 small LOE 4 case se-
ries.’80 Other LOE 5 case reports describe
late side effects of pulmonary toxicity35®
and hypothyroidism.362

In 1 LOE 2 pediatric comparison control
study®3 procainamide had a significantly
higher success rate and an equal inci-
dence of adverse effects when com-
pared with amiodarone for treating re-
fractory SVT. In 5 LOE 4 observational
studies®4-368 and 5 LOE 5 case reports369-578
procainamide effectively suppressed or
slowed the rate in children with SVT. A
wide variety of arrhythmias were stud-
ied, including ectopic atrial tachycardia,
atrial flutter, and orthodromic recipro-
cating tachycardia.

In LOE 5 studies in children*
adults, 375376 and animals,” hypotension
from procainamide infusion resulted
from vasodilation and not decreased
myocardial contractility. Initial observa-
tional LOE 4 reports8-380 and 1 LOE 4
case series’! described successful
treatment of pediatric SVT with verap-
amil. However, multiple small LOE 4 case
series3*4%2 and LOE 5 case reports®8338+
documented severe hypotension, brady-
cardia, and heart block causing hemo-
dynamic collapse and death following
IV administration of verapamil for SVT
in infants. Two small LOE 4 pediatric
case series85386 described esmolol and
dexmedetomidine in the treatment of
SVT.

Treatment Recommendations
For infants and children with SVT with
a palpable pulse, adenosine should be
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considered the preferred medication.
Verapamil may be considered as alter-
native therapy in older children but
should not be routinely used in infants.
Procainamide or amiodarone given by
a slow IVinfusion with careful hemody-
namic monitoring may be considered
for refractory SVT.

Knowledge Gaps

Does the use of alternate medications
(eg, esmolol, dexmedetomidine) in the
treatment of SVT in infants and chil-
dren improve outcome? What is the
role of vagal maneuvers in the treat-
ment of SVT?

SHOCK

The Task Force reviewed evidence re-
lated to several key questions about
the management of shock in children.
There is ongoing uncertainty about the
indications for using colloid versus
crystalloid in shock resuscitation. One
large adult trial suggested that normal
saline (isotonic crystalloid) is equiva-
lent to albumin, although subgroup
analysis suggested harm associated
with the use of colloid in patients with
traumatic brain injury. There were in-
sufficient data to change the 2005
recommendations.

The optimal timing for intubation of
children in shock remains unclear, al-
though reports of children and adults
with septic shock suggested potential
beneficial effects of early intubation
(before signs of respiratory failure
develop) combined with a protocol-
driven management approach. When
children in septic shock were treated
with a protocol that included therapy
directed to normalizing central venous
oxygen saturation, patient outcome
appeared to improve.

Performing rapid sequence induction
and tracheal intubation of a child with
shock can cause acute cardiovascular
collapse. Etomidate typically causes
less hemodynamic compromise than
other induction drugs and is therefore
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often used in this setting. However,
data suggest that the use of this drug
in children and adults with septic
shock is associated with increased
mortality that may be secondary to
etomidate’s inhibitory effects on corti-
costeroid synthesis. Administering
stress-dose corticosteroids in septic
shock remains controversial, with re-
cent adult trials failing to show a ben-
eficial effect.

Graded Volume Resuscitation for
Hemorrhagic ShockPeds-052

Gonsensus on Science

There are no pediatric studies of the
timing or extent of volume resuscita-
tion in hemorrhagic shock with hypo-
tension. Nine LOE 5 adult387-3% studies
reported conflicting results with re-
gard to the effect of timing and extent
of volume resuscitation on outcome of
hemorrhagic shock with hypotension.

Treatment Recommendations

There is insufficient evidence as to the
best timing or quantity for volume re-
suscitation in infants and children with
hemorrhagic shock following trauma.

Knowledge Gaps

What is the appropriate clinical indica-
tor for volume resuscitation during
treatment of hemorrhagic shock in in-
fants and children?

Early Ventilation in ShockPeds-0388

Consensus on Science

There are no studies investigating the
role of intubation and assisted ventila-
tion before the onset of respiratory
failure in infants and children with
shock. Two LOE 5 animal studies in sep-
tic shock®%6397 and 1 LOE 5 animal study
in pericardial tamponade’®® showed
improved hemodynamics and select
organ perfusion with intubation be-
fore the onset of respiratory failure.
One report of 2 adult patients®¥® (LOE 5)
described cardiac arrest following
intubation of 1 adult patient with
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tamponade due to penetrating trauma
and improvement in hemodynamics
during spontaneous breathing in 1 me-
chanically ventilated adult patient with
post—cardiac surgery tamponade.

One LOE 5 study of septic shock in
adults*? suggested a reduced mortal-
ity with early ventilation compared
with historic controls who only re-
ceived ventilation for respiratory fail-
ure. One LOE 5 study of animals in sep-
tic shock*' showed that early assisted
ventilation does not reduce oxygen ex-
traction or prevent the development of
lactic acidosis.

Treatment Recommendations

There is insufficient evidence to sup-
port or refute the use of endotracheal
intubation of infants and children in
shock before the onset of respiratory
failure.

Knowledge Gaps

Does the timing of respiratory support
in infants and children with shock af-
fect outcome?

Colloid Versus Crystalloid Fluid
AdministrationPeds-044A, Peds-044B

Gonsensus on Science

Evidence from 3 randomized blinded
LOE 1 controlled trials in children with
dengue shock syndrome#2-4%¢ and 1
LOE 1 open randomizedtrial in children
with septic shock*% suggested no clin-
ically important differences in survival
from therapy with colloid versus ther-
apy with isotonic crystalloid solutions
for shock.

In 1 large LOE 5 randomized controlled
trial of fluid therapy in adult ICU pa-
tients*8 and in 6 good-quality LOE 5 meta-
analyses, predominantly of adults,*7-412
no mortality differences were noted
when colloid was compared with hy-
pertonic and isotonic crystalloid solu-
tions, and no differences were noted
between types of colloid solutions.

Three LOE 5 studies comparing the use
of crystalloids and colloids for adults
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in shock suggested that crystalloid
may have an associated survival bene-
fit over colloid in subgroups of patients
with shock, including general trau-
ma,**® traumatic brain injury,*® and
burns.#™ One randomized controlled
LOE 5 study of children with severe ma-
laria suggested better survival with
colloid than with crystalloid infusion 45

Treatment Recommendations

Isotonic crystalloids are recommended
as the initial resuscitation fluid for in-
fants and children with any type of
shock. There is insufficient evidence to
identify the superiority of any specific
isotonic crystalloid over others.

Knowledge Gaps

Does the use of any specific crystalloid
solution (Ringer’s lactate, normal sa-
line, hypertonic saline) improve out-
come for pediatric shock? Are there
subgroups of children in shock whose
outcome is improved with the use of
colloid compared with crystalloid?

Vasoactive Agents in Distributive
ShockPeds-IMSA, Peds-045B

Gonsensus on Science

One LOE 4 observational study*'® sug-
gested that the course of pediatric
septic shock physiology is dynamic
and that serial assessments are re-
quired to titrate the type and dose of
inotropes or vasopressor therapy to
achieve optimal hemodynamic results.
Evidence from 4 LOE 1 pediatric ran-
domized controlled studies,*'"-420 3 LOF
5 adult randomized controlled stud-
ies,*21-4%5 and 1 LOE 5 adult systematic
review*?* showed that no inotrope or
vasopressor is superior in reducing
mortality from pediatric or adult dis-
tributive shock.

Two LOE 1 pediatric randomized con-
trolled studies*'”4'® showed that chil-
dren with “cold” (ie, low cardiac index)
septic shock improved hemodynami-
cally with brief (4-hour) administration
of milrinone (bolus and infusion). One
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LOE 1 pediatric randomized controlled
study*? of vasodilatory shock compared
the addition of vasopressin versus pla-
cebo to standard vasoactive agents and
showed no change in duration of vaso-
pressor infusion but observed a trend
toward increased mortality.

Eleven small LOE 4 pediatric case se-
ries*2-4% showed improved hemody-
namics but not survival when vasopres-
sin or terlipressin was administered to
children with refractory, vasodilatory,
septic shock.

Treatment Recommendations

There is insufficient evidence to rec-
ommend a specific inotrope or vaso-
pressorto improve mortality in pediat-
ric distributive shock. Selection of an
inotrope or vasopressor to improve
hemodynamics should be tailored to
each patient’s physiology and adjusted
as clinical status changes.

Knowledge Gaps

Does the use of any specific vasoactive
agent improve outcome for infants and
children with distributive shock?

Vasoactive Agents in Cardiogenic
ShockPeds-lMGA

Gonsensus on Science

One LOE 4 pediatric case series*s®
showed that critically ill children re-
quiring inotropic support have wide
variability in hemodynamic responses
to different infusion rates of dobuta-
mine. One LOE 2 blinded crossover
study*s” found dopamine and dobuta-
mine had equal hemodynamic effects
ininfants and children requiring post—
cardiac surgical inotropic support but
that dopamine at an infusion rate of
>7 mcg/kg per minute increased pul-
monary vascular resistance.

Six LOE 3 studies*38-44 showed that
both dopamine and dobutamine infu-
sions improve hemodynamics in chil-
dren with cardiogenic shock.

Evidence from 1 LOE 1 pediatric placebo-
controlled trial** showed that milrinone
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is effective in preventing low cardiac
output syndrome in infants and children
following biventricular cardiac repair.
One LOE 4 study** showed that milrinone
improved cardiac index in neonates with
low cardiac output following cardiac
surgery.

One small LOE 1 study*® showed that
children had better hemodynamic pa-
rameters and shorter ICU stays if they
received milrinone compared with
low-dose epinephrine plus nitroglycer-
in for inotropic support following re-
pair of tetralogy of Fallot.

In 2 LOE 4 small case series,*748 when
children with heart failure secondary
to myocardial dysfunction were given
levosimendan, they demonstrated im-
proved ejection fraction, required a
shorter duration of catecholamine in-
fusions,*” and showed a trend toward
improved hemodynamics and reduced
arterial lactate levels.*4®

In subgroup analysis from 1 LOE 5 ran-
domized controlled trial in adults,*? pa-
tients with cardiogenic shock treated
with norepinephrine versus dopamine
had an improved survival at 28 days.
When all causes of shock were included,
patients treated with norepinephrine
also had fewer arrhythmias than those
treated with dopamine (12% versus
24%).

Treatment Recommendations

The catecholamine dose for inotropic
support in cardiogenic shock must be
individually titrated because there is
a wide variability in clinical response.
[t is reasonable to use epinephrine,
levosimendan, dopamine, or dobuta-
mine for inotropic support in infants
and children with cardiogenic shock.
Milrinone may be beneficial for the
prevention and treatment of low car-
diac output following cardiac surgery.

There are insufficient data to support
or refute the use of norepinephrine in
pediatric cardiogenic shock.
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Knowledge Gaps

Does the use of any specific vasoactive
agent improve outcome for infants and
children with cardiogenic shock who
have not undergone cardiac surgery?

Etomidate for Intubation in

Hypotensive Septic
ShockPeds-047A, Peds-047B

Gonsensus on Science

One LOE 4 study of children with septic
shock*0 showed that adrenal suppres-
sion occurred after the administration
of a single dose of etomidate and per-
sisted for at least 24 hours. Evidence
from 2 LOE 4451452 studies and 1 LOE 5453
study showed that etomidate can be
used to facilitate tracheal intubation in
infants and children with minimal he-
modynamic effect, but very few of
these reports included patients with
hypotensive septic shock. One LOE 4
study* suggested an association with
mortality when etomidate is used to
facilitate the intubation of children
with septic shock.

One adult LOE 5 study** observed an
increased mortality associated with
the use of etomidate for intubation of
patients in septic shock, even with ste-
roid supplementation. Conversely, 1
underpowered adult LOE 5 study*® in
septic patients did not show an in-
crease in mortality.

One multicenter adult LOE 5 compara-
tive trial of etomidate versus keta-
mine for intubation*® found no differ-
ence in organ failure over the first 72
hours and no mortality difference, but
this study included only a small num-
ber of patients with shock. Adrenal in-
sufficiency was more common in
etomidate-treated patients.

Treatment Recommendations

Etomidate should not be routinely used
when intubating an infant or child with
septic shock. If etomidate is used in
infants and children with septic shock,

e1277


http://circ.ahajournals.org/site/C2010/Peds-046A.pdf
http://circ.ahajournals.org/site/C2010/Peds-047A.pdf
http://circ.ahajournals.org/site/C2010/Peds-047B.pdf
pediatrics.aappublications.org/
http://pediatrics.aappublications.org/

the increased risk of adrenal insuffi-
ciency should be recognized.

Knowledge Gaps

If etomidate is used, does steroid ad-
ministration improve outcome for in-
fants and children with septic shock?

Corticosteroids in Hypotensive
ShockPeds-049A, Peds-049B

Consensus on Science

In 6 LOE 5 randomized controlled
trials in adults with septic shock*4457-461
the addition of low-dose hydrocortisone
decreased the time to shock reversal.
Three LOE 5 randomized controlled trials
in adults with vasopressor-dependent
septic shock*7462465 showed that sur-
vival was improved when low-dose
hydrocortisone was administered,
while 1 small adult LOE 5 randomized
controlled trial** showed a trend to-
ward increased survival.

One fair-quality, small LOE 1 study in
children with septic shock> found
that low-dose hydrocortisone admin-
istration resulted in no survival bene-
fit. One fair-quality LOE 1 study of
administration of low-dose hydrocorti-
sone to children with septic shock*®
demonstrated earlier shock reversal.
Data from 1 LOE 4 hospital discharge
database*®’ noted the association be-
tween the use of steroids in children
with severe sepsis and decreased
survival.

In 1 LOE 5 study in adults with septic
shock®” survival improved signifi-
cantly with the use of low-dose hydro-
cortisone and fludrocortisone com-
pared with placebo. Conversely 4 LOE 5
adult trials in septic shock#4459-461
showed no survival benefit with low-
dose corticosteroid therapy. In 1 large
LOE 5 randomized controlled trial of
adults in septic shock,** corticoste-
roid administration was associated
with an increased risk of secondary
infection.
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Treatment Recommendations

There is insufficient evidence to sup-
port or refute the routine use of
stress-dose or low-dose hydrocorti-
sone and/or other corticosteroids in
infants and children with septic shock.
Stress-dose corticosteroids may be
considered in children with septic
shock unresponsive to fluids and re-
quiring vasoactive support.

Knowledge Gaps

What is the appropriate “stress dose”
of hydrocortisone for hypotensive sep-
tic shock? Should the dose of hydro-
cortisone be titrated to the degree of
shock? Should an adrenocorticotro-
phin (ACTH) stimulation test be per-
formed to determine if an infant or
child in septic shock has adrenal
insufficiency?

Diagnostic Tests as

Guide to Management of
ShockPeds-050A, Peds-0508

Gonsensus on Science

In 1 LOE 1 randomized controlled trial
in children with severe sepsis or fluid-
refractory septic shock,*® protocol-
driven therapy that included targeting
a superior vena caval oxygen satura-
tion >70%, coupled with treating clin-
ical signs of shock (prolonged capil-
lary refill, reduced urine output, and
reduced blood pressure), improved
patient survival to hospital discharge
in comparison to treatment guided by
assessment of clinical signs alone.

Two LOE 5 studies of adults with septic
shock, one a randomized controlled
trial*® and the other a cohort study,*?
documented improved survival to hos-
pital discharge following implementa-
tion of protocol-driven early goal-
directed therapy, including titration to
a central venous oxygen saturation
(Svco,) =70%. In 1 large multicenter
LOE 5 adult study*' evaluating the
“Surviving Sepsis” bundle, early goal-
directed therapy to achieve an Svco,
=70% was not associated with an im-

provement in survival, but venous oxy-
gen saturations were measured in
<25% of participants.

There are insufficient data on the util-
ity of other diagnostic tests (eg, pH,
lactate) to help guide the management
of infants and children with shock.

Treatment Recommendations

A protocol-driven therapy, which in-
cludes titration to a superior vena
caval oxygen saturation =70%, may
be beneficial for infants and children
(without cyanotic congenital heart
disease) with fluid-refractory septic
shock. No treatment recommendations
can be made to target Svco, saturation
in the management of fluid-refractory
septic shock in pediatric patients with
cyanotic congenital heart disease or
for other forms of pediatric shock.

Knowledge Gaps

What is the optimal diagnostic test (ie,
lactate, Svco,) to guide management of
pediatric shock? Does continuous ver-
sus intermittent Svco, monitoring af-
fect outcome?

MEDICATIONS IN CARDIAC ARREST
AND BRADYCGARDIA

The Task Force reviewed and updated
evidence to support medications used
during cardiac arrest and bradycar-
dia, but no new recommendations
were made. It was again emphasized
that calcium and sodium bicarbonate
should not be routinely used in pediat-
ric cardiac arrest (ie, should not be
used without specific indications).

Calculating Drug DosePeds-0178

Consensus on Science

Eight LOE 5 studies*’>*"® concluded
that length-based methods are more
accurate than age-based or observer
(parent or provider) estimate-based
methods in the prediction of body
weight. Four LOE 5 studies*72474480481
suggested that the addition of a cate-
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gory of body habitus to length may im-
prove prediction of body weight.

Six LOE 5 studies*82-487 attempted to
find a formula based on drug pharma-
cokinetics and physiology that would
allow the calculation of a pediatric
dose from the adult dose.

Treatment Recommendations

In nonobese pediatric patients, initial
resuscitation drug doses should be
based on actual body weight (which
closely approximates ideal body weight).
If necessary, body weight can be esti-
mated from body length.

In obese patients the initial doses of
resuscitation drugs should be based
on ideal body weight that can be esti-
mated from length. Administration of
drug doses based on actual body
weight in obese patients may result in
drug toxicity.

Subsequent doses of resuscitation
drugs in both nonobese and obese pa-
tients should take into account ob-
served clinical effects and toxicities. It
is reasonable to titrate the dose to the
desired therapeutic effect, but it
should not exceed the adult dose.

Knowledge Gaps

What is the most accurate method for
calculating resuscitation drug doses
for children? Does the accuracy of
the estimated weight used to calculate
drug dose affect patient outcome? Do
specific resuscitation drugs require
different adjustments for estimated
weight, maturity and/or  body
composition?

Are formulas for scaling drug doses
with formulas from adult doses supe-
rior to existing weight-based methods®?

Epinephrine DosePeds-018

Gonsensus on Science

No studies have compared epineph-
rine versus placebo administration
for pulseless cardiac arrest in infants
and children. One LOE 5 randomized
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controlled adult study*® of standard
drug therapy compared with no drug
therapy during out-of-hospital cardiac
arrest showed improved survival to
hospital admission with any drug deliv-
ery but no difference in survival to hos-
pital discharge.

Evidence from 1 LOE 1 prospective,
randomized, controlled trial,*®® 2 LOE 2
prospective trials, 04" and 2 LOE 2
case series with concurrent con-
trols24% showed no increase in sur-
vivalto hospital discharge or improved
neurologic outcome when epinephrine
doses of >10 mcg/kg IV were used in
out-of-hospital or in-hospital pediatric
cardiac arrest. In 1 LOE 1 prospective
trial*® of pediatric in-hospital cardiac
arrest comparing high-dose (100 mcg/
kg) with standard-dose epinephrine
administered if cardiac arrest per-
sisted after 1 standard dose of epi-
nephrine, 24-hour survival was re-
duced in the high-dose epinephrine
group.

Evidence extrapolated from adult pre-
hospital or in-hospital studies, includ-
ing 9 LOE 1 randomized trials,*4-502 3
LOE 2 trials,?55% and 3 LOE 3 stud-
ies,506-508 showed no improvement in
survival to hospital discharge or neu-
rologic outcome when doses >1mg of
epinephrine were given.

Treatment Recommendations

In infants and children with out-of-
hospital or in-hospital cardiac arrest,
the appropriate dose of IV epinephrine
is 10 mcg/kg per dose (0.01 mg/kg) for
the first and for subsequent doses. The
maximum single dose is 1 mg.

Knowledge Gaps

Does epinephrine administration im-
prove outcome from cardiac arrest
in infants and children? Are there spe-
cific patients or arrest types (eg, pro-
longed arrest, asphyxial arrest, VF ar-
rest) for which epinephrine is more
effective?

FROM THE AMERICAN ACADEMY OF PEDIATRICS

Sodium Bicarbonate During
Cardiac ArrestPeds-028

Gonsensus on Science

There are no randomized controlled
studies in infants and children exam-
ining the use of sodium bicarbonate as
part of the management of pediatric car-
diac arrest. One LOE 2 multicenter retro-
spective in-hospital pediatric study®%®
found that sodium bicarbonate admin-
istered during cardiac arrest was as-
sociated with decreased survival, even
after controlling for age, gender, and
first documented cardiac rhythm.

Two LOE 5 randomized controlled stud-
ies have examined the value of sodium
bicarbonate in the management of ar-
rest in other populations: 1 adult out-
of-hospital cardiac arrest study®'® and
1 study in neonates with respiratory
arrest in the delivery room.>'" Both
failed to show an improvement in over-
all survival.

Treatment Recommendations

Routine administration of sodium bi-
carbonate is not recommended in the
management of pediatric cardiac
arrest.

Knowledge Gaps

Are there circumstances under which
sodium bicarbonate administration
improves outcome from pediatric car-
diac arrest?

vasopressinPeds-020A, Peds-020B

Gonsensus on Science

In 1 pediatric LOE 3 study®'? vasopres-
sin was associated with lower ROSC
and a trend toward lower 24-hour
and discharge survival. In 3 pediatric
LOE 4513515 and 2 adult LOE 5°'65'7 case
series/reports (9 patients) vasopres-
sind18 or its long-acting analogue, terli-
pressin,®4515 administration was as-
sociated with ROSC in patients with
refractory cardiac arrest (ie, standard
therapy failed).
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Extrapolated evidence from 6 LOE 5
adult studies®'®525 and 1 LOE 1 adult
meta-analysis®* showed that vaso-
pressin used either by itself or in com-
bination with epinephrine during car-
diac arrest does not improve ROSC,
hospital discharge, or neurologic out-
come. Evidence from 1 LOE 5 animal
study’? of an infant asphyxial arrest
model showed no difference in ROSC
when terlipressin was administered
alone or in combination with epineph-
rine as compared with epinephrine
alone.

Treatment Recommendations

There is insufficient evidence for or
against the administration of vaso-
pressin or its long-acting analogue,
terlipressin, in pediatric cardiac arrest.

Knowledge Gaps

Are there patient subgroups who
might benefit from vasopressin (with
or without other vasopressors) for pe-
diatric cardiac arrest? Does the use of
“early” versus “late” (ie, rescue) vaso-
pressin affect outcome in pediatric
cardiac arrest? Is vasopressin effec-
tive when administered via a tracheal
tube?

Calcium in Cardiac
ArrestPeds-021A, Peds-021B

Consensus on Science

Evidence from 3 LOE 2509526527 stydies in
children and 5 LOE 5 adult studies®28-532
failed to document an improvement in
survival to hospital admission, hospi-
tal discharge, or favorable neurologic
outcome when calcium was adminis-
tered during cardiopulmonary arrest
inthe absence of documented hypocal-
cemia, calcium channel blocker over-
dose, hypermagnesemia, or hyperka-
lemia. Four LOE 5 animal studigs$5-5%
showed no improvement in ROSC when
calcium, compared with epinephrine
or placebo, was administered during
cardiopulmonary arrest.
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Two studies investigating calcium for
in-hospital pediatric cardiac arrest
suggested a potential for harm. One
LOE 2 study examining data from the
NRCPR>% observed an adjusted odds
ratio of survival to hospital discharge
of 0.6 in children who received cal-
cium, and 1 LOE 3 multicenter study®0?
showed an odds ratio for increased
hospital mortality of 2.24 associated
with the use of calcium. One LOE 2
study of cardiac arrest in the PICU
setting®?’ suggested a potential for
harm with the administration of cal-
cium during cardiac arrest; the ad-
ministration of 1 or more boluses was
an independent predictor of hospital
mortality.

Treatment Recommendations

Routine use of calcium for infants and
children with cardiopulmonary arrest
is not recommended in the absence
of hypocalcemia, calcium channel
blocker overdose, hypermagnesemia,
or hyperkalemia.

Knowledge Gaps

Are there indications for calcium ad-
ministration that may be associated
with improved outcome from pediatric
cardiac arrest? Does the increased
mortality risk associated with calcium
administration reflect harm from cal-
cium or does it simply identify patients
who failed to respond to other ALS in-
terventions and therefore were at a
higher risk of death?

Atropine Versus Epinephrine
for BradycardiaPeds-052A

Consensus on Science

Evidence from 1 LOE 3 study of in-
hospital pediatric cardiac arrest’7 ob-
served an improved odds of survival to
discharge for those patients who re-
ceived atropine based on multivariate
analysis, whereas the use of epineph-
rine was associated with decreased
odds of survival. Another large LOE 3
study®® demonstrated no association

between atropine administration and
survival.

In 1 LOE 5 adult case series,*® 6 of 8 pa-
tients in cardiac arrest who did not re-
spond to epinephrine did respond to
atropine with a change to a perfus-
ing rhythm; 3 survived to hospital dis-
charge. An LOE 5 retrospective adult
review®¥ observed that a small num-
ber of asystolic patients who failed to
respond to epinephrine did respond to
atropine, but none survived to hospital
discharge.

Four LOE 5 adult studies®'54 showed
a benefit of atropine in vagally medi-
ated bradycardia. One small LOE 4 pe-
diatric case series®® showed that
atropine is more effective than epi-
nephrine in increasing heart rate and
blood pressure in children with post—
cardiac surgical hypotension and brady-
cardia (Bezold-Jarisch reflex mediated
bradycardia).

Four LOE 5 adult®2546-54% and 4 LOE 5
animal>*-%2 studies showed no benefit
from atropine used to treat bradycar-
dia or cardiac arrest. One LOE 5 animal
study® did show a benefit of atropine
when used with epinephrine in cardiac
arrest.

Treatment Recommendations
Epinephrine may be used for infants
and children with bradycardia and
poor perfusion that is unresponsive to
ventilation and oxygenation. It is rea-
sonable to administer atropine for
bradycardia caused by increased va-
gal tone or cholinergic drug toxicity.
There is insufficient evidence to sup-
port or refute the routine use of atro-
pine for pediatric cardiac arrest.

Knowledge Gaps

What is the optimal dose of epineph-
rine for pediatric bradycardia? Is
there a role for titrated doses? Does
the use of epinephrine versus atropine
improve outcome from pediatric bra-
dycardia? Are there circumstances
under which atropine administration
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improves outcome from pediatric car-
diac arrest?

EXTRACORPOREAL CARDIAC

|_":E SUPPORTPeds-014, Peds-014B
There is increasing evidence that extra-
corporeal cardiac life support (ECLS)
can act as a bridge to maintain oxygen-
ation and circulation in selected in-
fants and children with cardiac arrest
if they are transplant candidates or
have a self-limited or treatable illness.
When ECLS is initiated for the treat-
ment of cardiac arrest, it is referred to
as ECPR (extracorporeal CPR). ECPR
can only be employed if the cardiac
arrest occurs in a monitored environ-
ment with protocols and personnel for
rapid initiation.

Gonsensus on Science

One LOE 25* and 26 LOE 4 studigg555-580
reported favorable early outcome af-
ter ECPR in children with primary car-
diac disease who were located in an
ICU or other highly supervised environ-
ment using ECPR protocols at the time
of the arrest.

One LOE 25 and 2 LOE 4555564 studies
indicated poor outcome from ECPR in
children with noncardiac diseases.

In 1 LOE 4 study%® survival following
ECPR in children was associated with
shorter time interval between arrest
and ECPR team activation and shorter
GPR duration. Two LOE 4 studies®058!
found insignificant improvements in
outcome after ECPR in children follow-
ing protocol changes leading to
shorter durations of CPR. One LOE 2%
and 3 LOE 4555559565 stydies found no
relationship between CPR duration
and outcome after ECPR in children.

Three small LOE 4 studies,®®2-%84 includ-
ing atotal of 21 children, showed favor-
able outcome with ECPR following out-
of-hospital cardiac arrest associated
with environmentally induced severe
hypothermia (temperature <30°C).
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Treatment Recommendations

ECPR may be beneficial for infants and
children with cardiac arrest if they
have heart disease amenable to recov-
ery or transplantation and the arrest
occurs in a highly supervised environ-
ment such as an ICU with existing clin-
ical protocols and available expertise
and equipment to rapidly initiate ECPR.
There is insufficient evidence for any
specific threshold for CPR duration
beyond which survival with ECPR is
unlikely. ECPR may be considered in
cases of environmentally induced se-
vere hypothermia (temperature <<30°C)
for pediatric patients with out-of-
hospital cardiac arrest if the appropri-
ate expertise, equipment, and clinical
protocols are in place.

Knowledge Gaps

What are the long-term neurologic out-
comes of pediatric patients treated
with ECPR? Is there an upper limit for
the duration of standard CPR beyond
which using ECPR will be of no benefit?

POST-RESUSCITATION CARE

The Task Force reviewed evidence re-
garding hypothermia for pediatric pa-
tients who remain comatose following
resuscitation from cardiac arrest.
There is clear benefit for adult patients
who remain comatose after VF arrest,
but there is little evidence regarding
effectiveness for infants (ie, beyond
the neonatal period) and young chil-
dren who most commonly have as-
phyxial arrest.

Some patients with sudden death with-
out an obvious cause have a genetic
abnormality of myocardial ion chan-
nels (ie, a channelopathy), which pre-
sumably leads to a fatal arrhythmia.
Because this is an inherited abnormal-
ity, family members might be affected,
but special tests are required for the
detection of this inherited genetic
defect.
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HypothermiaPeds-MOA, Peds-010B

Gonsensus on Science

There are no randomized pediatric
studies on induced therapeutic hypo-
thermia following cardiac arrest.

Two prospective randomized LOE 5
studies of adults with VF arrest58586
and 2 prospective randomized LOE 5
studies of newborns with birth asphyx-
12587588 showed that therapeutic hypo-
thermia (32° to 34°C) up to 72 hours
after resuscitation has an acceptable
safety profile and may be associated
with better long-term neurologic outcome.

One LOE 2 observational study® nei-
ther supports nor refutes the use of
therapeutic hypothermia after resus-
citation from pediatric cardiac arrest.
However, patients in this study were
not randomized, and the cooled pa-
tients were much sicker and younger
than those not cooled.

Treatment Recommendations
Therapeutic hypothermia (to 32°C to
34°C) may be beneficial for adoles-
cents who remain comatose following
resuscitation from sudden witnessed
out-of-hospital VF cardiac arrest. Ther-
apeutic hypothermia (to 32°C to 34°C)
may be considered for infants and chil-
dren who remain comatose following
resuscitation from cardiac arrest.

Knowledge Gaps

Does therapeutic hypothermia improve
outcome following pediatric cardiac
arrest? Is there a difference in effec-
tiveness for VF arrest versus asphyxial
arrest? What is the optimal protocol
for cooling after pediatric cardiac ar-
rest (timing, duration, goal tempera-
ture, rate of rewarming)?

vasoactive Drugs Peds-024A, Peds-024B

Gonsensus on Science

There are no studies evaluating the
role of vasoactive medications after
ROSC in children. Evidence from 2 LOE 3
studies in children,590591 2 LOE 5 studies
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in adults,2%% and 2 LOE 5 animal stud-
ies9945% documented that myocardial
dysfunction and vascular instability
are common following resuscitation
from cardiac arrest.

Evidence from 6 LOE 5 animal stud-
ies99-59  documented hemodynamic
improvement when vasoactive medi-
cations (dobutamine, milrinone, levo-
simendan) were given in the post—car-
diac arrest period. Evidence from 1
large LOE 5 pediatric** and 4 LOE 5
adultso0-60s stydies of patients with low
cardiac output or at risk for low car-
diac output following cardiac surgery
documented consistent improvement
in hemodynamics when vasoactive
medications were administered.

Treatment Recommendations

It is reasonable to administer vasoac-
tive medications to infants and chil-
dren with documented or suspected
cardiovascular dysfunction after car-
diac arrest. These vasoactive medica-
tions should be selected and titrated to
improve myocardial function and/or
organ perfusion while trying to limit
adverse effects.

Knowledge Gaps

What is the optimal vasoactive drug
regimen for postarrest myocardial
dysfunction in infants and children?

Glucosepeds-IH 6

Gonsensus on Science

There is insufficient evidence to sup-
port or refute any specific glucose
management strategy in infants and
children following cardiac arrest. Al-
though there is an association of hy-
perglycemia and hypoglycemia with
poor outcome following ROSC after
cardiac arrest, there are no studies
that show causation and no studies
that show that the treatment of either
hyperglycemia or hypoglycemia fol-
lowing ROSC improves outcome.

Two studies of adult survivors of car-
diac arrest, including 1 LOE 5 prospec-
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tive observational study® and 1 LOE 5
randomized controlled trial compar-
ing tight with moderate glucose con-
trol® observed no survival benefit
with tight glucose control. Two studies
of tight glucose control in adult surgi-
cal ICU patients, including 1 LOE 1 pro-
spective randomized controlled trial60
and 1 LOE 1 meta-analysis® observed
reduced mortality with tight glucose
control. Two LOE 5 meta-analyses com-
paring tight with moderate glucose
control in adult ICU patients808609 and 1
LOE 5 randomized controlled trial com-
paring tight with moderate glucose
control in adult medical ICU patients8'0
observed no differences in survival.
Three LOE 5 studies of tight glucose
control in adult ICU patients, including
1 randomized controlled trial in car-
diac surgical patients,'" 1 multicenter
randomized controlled trial in medical
and surgical ICU patients,f'? and 1
cohort-controlled study of medical and
surgical ICU patients®® demonstrated
increased mortality with tight glucose
control.

One LOE 5 randomized controlled trial
of critically ill childrenS'* observed an
improvement in inflammatory bio-
chemical markers and reduced ICU
length of stay with tight glucose con-
trol. One study of tight glucose control
of critically ill neonates®’® was termi-
nated early for reasons of futility. Sig-
nificant rates of hypoglycemia are
widely reported with the use of tight
glucose control without explicit meth-
odology or continuous glucose moni-
toring in critically ill neonates,®® chil-
dren,8'* and adults 607608612

Evidence from LOE 5 animal studies of
neonatal cerebral ischemia®' and crit-
ically ill adults®'7618 suggest that hypo-
glycemia combined with hypoxia and
ischemia is harmful and associated
with higher mortality. Evidence from 3
LOE 5 animal studies®9-62' showed that
prolonged hyperglycemia after resus-
citation is harmful to the brain. One

LOE 5 animal study®? showed that glu-
cose infusion with associated hyper-
glycemia after resuscitation worsened
outcome, whereas another LOE 5 ani-
mal study$?® showed that moderate hy-
perglycemia managed with insulin im-
proved neurologic outcome.

Treatment Recommendations

It is appropriate to monitor blood glu-
cose levels and avoid hypoglycemia as
well as sustained hyperglycemia fol-
lowing cardiac arrest. There is insuffi-
cient evidence to recommend specific
strategies to manage hyperglycemiain
infants and children with ROSC follow-
ing cardiac arrest. If hyperglycemia is
treated following ROSC in children,
blood glucose concentrations should
be carefully monitored to reduce epi-
sodes of hypoglycemia.

Knowledge Gaps

Does the use of “tight” glucose control
improve outcome following pediatric
cardiac arrest?

Cha““elopathyPeds-CMBA, Peds-048B

Gonsensus on Science

In 4 LOE 4 studies®2*-627 14% to 35% of
young patients with sudden, unex-
pected death had no abnormalities
found at autopsy.

In 7 LOE 3 studies®8-8% mutations
causing channelopathies occurred in
2% to 10% of infants with sudden in-
fant death syndrome noted as the
cause of death. In 1 LOE 385 and 2 LOE
4836857 studies 14% to 20% of young
adults with sudden, unexpected death
had no abnormalities on autopsy but
had genetic mutations causing chan-
nelopathies. In 4 LOE 4 studies,38-641 ys-
ing clinical and laboratory (electrocar-
diographic, molecular-genetic screening)
investigations, 22% to 53% of first- and
second-degree relatives of patients with
sudden, unexplained death had inher-
ited, arrhythmogenic disease.
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Treatment Recommendations

When sudden unexplained cardiac ar-
rest occurs in children and young adults,
a complete past medical and family his-
tory (including a history of syncopal epi-
sodes, seizures, unexplained accidents/
drownings, or sudden death) should
be obtained and any available previous
ECGs should be reviewed. All infants, chil-
dren, and young adults with sudden,
unexpected death should, if possible,
have an unrestricted, complete autopsy,
preferably performed by pathologists
with training and expertise in cardiovas-
cular pathology. Consideration should
be given to preservation and genetic
analysis of tissue to determine the pres-
ence of a channelopathy. It is recom-
mended that families of patients whose
cause of deathis not found on autopsy be
referred to a healthcare provider or cen-
ter with expertise in cardiac rhythm
disturbances.

Knowledge Gaps

What is the population-based inci-
dence of inherited arrhythmic deaths
in patients with sudden, unexpected
death and a negative autopsy? What
are the most effective strategies (eg,
for emergency medicine physician, pri-
mary care provider, coroner, or oth-
ers) to identify families at risk?

SPECIAL SITUATIONS

New topics introduced in this docu-
ment include resuscitation of infants
and children with certain congenital
cardiac abnormalities, namely single
ventricle following stage | procedure
and following the Fontan or bidirec-
tional Glenn procedures (BDGs) as well
as resuscitation of infants and chil-
dren with cardiac arrest and pulmo-
nary hypertension.

Life Support for
TraumaPeds-041A, Peds-041B

Gonsensus on Science
Cardiac arrest (out-of-hospital and
in-hospital) due to major (blunt or
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penetrating) injury (out-of-hospital
and in-hospital) in children has a very
high mortality rate.t42-645 |n 1 LOE 484
and 1 LOE 57 study there was no sur-
vival advantage to intubating child vic-
tims of traumatic cardiac arrest in the
out-of-hospital setting. One LOE 2646 and
4 LOE 4847-650 stydies suggested that
there is minimal survival advantage
associated with resuscitative thora-
cotomy with or without internal car-
diac massage for blunt trauma—in-
duced cardiac arrest in children. Two
LOE 4 studies®4864 suggested that sur-
vival in children with cardiac arrest
from penetrating trauma is improved
by thoracotomy if time from event to
hospital is short and signs of life are
restored in the field.

Treatment Recommendations

There is insufficient evidence to make
a recommendation for modification of
standard resuscitation for infants and
children suffering cardiac arrest due
to major trauma, although consider-
ation should be given to selectively
performing a resuscitative thoracot-
omy in children with penetrating inju-
ries who arrive at the hospital with a
perfusing rhythm.

Knowledge Gaps

What is the role of open-chest CPR for
nontraumatic etiologies of pediatric
cardiac arrest?

Single-Ventricle Post Stage |
Repairl’eds-oss

Consensus on Science

In 1 LOE 4 case series®! cardiac arrest
occurred frequently (in 20% of 112
patients) in infants following stage |
repair for single-ventricle anatomy.
Two LOE 5 case series of mechanically
ventilated, chemically paralyzed pa-
tients with a single ventricle in the pre-
operative period®28% showed that ex-
cessive pulmonary blood flow may be
attenuated in the short term by in-
creasing the inspired fraction of CO, to
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achieve a Paco, of 50 to 60 mm Hg. In
the same population, decreasing the
fraction of inspired oxygen below 0.21
did not appear to improve systemic ox-
ygen delivery. Three LOE 4 studies854-656
showed that clinical identification of
the prearrest state in patients with a
single ventricle is difficult and may be
aided by monitoring systemic oxygen
extraction using superior vena caval
oxygen saturation or near infrared
spectroscopy of cerebral and splanch-
nic circulations.

One LOE 3 prospective, crossover de-
sign study®7 of infants following stage
| repair showed that inspired carbon
dioxide increased systemic oxygen de-
livery. Evidence from 3 LOE 4 studies of
infants following stage | repair8%-660
showed that reducing systemic vascu-
lar resistance with agents such as
phenoxybenzamine improved systemic
oxygen delivery,%° reduced the risk for
cardiovascular collapse,®® and im-
proved survival.t60

There is no evidence for or against any
specific modification of standard re-
suscitation practice for cardiac arrest
in infants with single-ventricle anato-
my following stage | repair.

Five LOE 4 pediatric studies®5558578661662
showed that survival to hospital dis-
charge for patients with single-
ventricle anatomy following ECPR (see
ECPR above) is comparable to that of
other neonates undergoing cardiac
surgery. In 1 LOE 4 study®® survival
following ECPR initiated as a conse-
quence of systemic-to-pulmonary ar-
tery shunt block after stage | repair
was consistently higher than for other
etiologies of cardiac arrest.

Treatment Recommendations

Standard resuscitation (prearrest and
arrest) procedures should be followed
for infants and children with single-
ventricle anatomy following stage | re-
pair. Neonates with a single ventricle
before stage | repair who demonstrate
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shock caused by elevated pulmonary
to systemic flow ratio (Qp-to-Qs ratio)
might benefit from inducing mild hy-
percarbia (Paco, to 50 to 60 mm Hg);
this can be achieved during mechani-
cal ventilation by reducing minute ven-
tilation, adding CO, to inspired air, or
administering opioids with or without
chemical paralysis.

Neonates in a prearrest state follow-
ing stage | repair may benefit from
a-adrenergic antagonists to treat or
ameliorate excessive systemic vaso-
constriction in order to improve sys-
temic blood flow and oxygen delivery
and reduce the likelihood of cardiac
arrest. Assessment of systemic oxygen
extraction by monitoring Svco, or near
infrared spectroscopy monitoring of
cerebral and splanchnic circulation
may help identify evolving hemody-
namic changes in infants following
stage | procedures; such hemodynam-
ic changes may herald impending car-
diac arrest.

Knowledge Gaps

Is there benefit in using heparin or
thrombolytics during cardiac arrest to
open a potentially occluded systemic-
to-pulmonary artery (PA) or right ven-
tricle to pulmonary artery (RV-PA)
shunt following stage | repair? What is
the role of monitoring near infrared
spectroscopy/Svco, to guide resuscita-
tion following stage | repair? Is there a
potential benefit from the administra-
tion of milrinone during the prearrest
state in infants with a single ventricle?
Is it better to use a pure -adrenergic
agonist (isoproterenol) or an a- and
B-agonist (epinephrine) to achieve
ROSC after cardiac arrest following
stage | repair? Does Perco, reflect pul-
monary blood flow in single-ventricle
physiology and can it be used to guide
resuscitative procedures? Should the
inspired oxygen concentration (100%
versus room air) be different in infants
with single-ventricle physiology during
resuscitation from cardiac arrest?
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How does the Sano modification of
Stage | repair (RV-PA conduit instead of
a systemic-pulmonary artery shunt)
affect response to therapies for car-
diac arrest?

Single-Ventricle Post-Fontan
and Bidirectional Glenn
ProceduresPeds-0558

Gonsensus on Science

In 1 LOE 4 case series®®® ECLS was use-
ful in resuscitating patients with Fon-
tan circulation but was not successful
in hemi-Fontan/BDG patients. One LOE 4
case report® described manual ex-
ternal abdominal compressions with
closed chest cardiac compressions as
an alternative for standard CPR follow-
ing a modified Fontan procedure.

Evidence from 4 LOE 5 studies®5-668 of
patients with BDG circulation who
were not in cardiac arrest or shock
supports increasing GO, tension and
hypoventilation to improve cerebral,
superior vena caval, and pulmonary
blood flow in order to increase sys-
temic oxygen delivery. In 2 LOE 5 stud-
ies889670 of patients with BDG circula-
tion who were not in cardiac arrest
or a prearrest state, excessive ventila-
tion reduced cerebral oxygenation. In
2 LOE 5 studies®7'572 of patients follow-
ing a Fontan procedure who were not
in cardiac arrest or a prearrest state,
negative-pressure ventilation improved
stroke volume and cardiac output
compared with intermittent positive-
pressure ventilation.

One LOE 5 case series®™ of patients fol-
lowing a Fontan procedure who were
not in cardiac arrest or a prearrest
state showed that high-frequency jet
ventilation improved pulmonary vas-
cular resistance and cardiac index.
However, another LOE 5 case series®™
found that high-frequency oscillation
ventilation did not increase cardiac in-
dex or decrease pulmonary vascular
resistance.

Changes in pulmonary blood flow typi-
cally reflect changes in cardiac output,
but in infants and children with right-
to-left shunts, an increase in right-to-
left shunting that bypasses the lungs,
as occurs in some infants and children
with congenital heart disease or pul-
monary hypertension, decreases the
proportion of blood flowing through
the pulmonary circulation, and as a re-
sult, the Petco, falls.8° Conversely, in-
creasing pulmonary blood flow, as
happens following shunt insertion in
infants with cyanotic heart disease, in-
creases the Petco, and reduces the dif-
ference between the Paco, and end-
tidal CO0,%8 Likewise, if there are
intrapulmonary shunts that bypass
the alveoli, there will be a greater dif-
ference between the Paco, and Perco,.®

Treatment Recommendations

In patients with Fontan or hemi-
Fontan/BDG physiology who are in a
prearrest state, hypercarbia achieved
by hypoventilation may be beneficial to
increase oxygenation and cardiac out-
put, while negative-pressure ventila-
tion, if available, may be beneficial by
increasing cardiac output. During car-
diopulmonary arrest it is reasonable
to consider ECPR for patients with
Fontan physiology. There is insufficient
evidence to support or refute the use
of ECPR in patients with hemi-Fontan/
BDG physiology.

Knowledge Gaps

What is the optimal method for cannu-
lation for ECPR in patients with hemi-
Fontan/BDG or Fontan physiology? What
is the optimal CPR strategy (eg, with
or without manual external abdominal
compression; with or without active
chest decompression; with or with-
out an impedance threshold device)
for patients with hemi-Fontan/BDG or
Fontan physiology? Is there an ideal
compression-ventilation ratio during
CPR for infants following hemi-Fontan/
BDG or Fontan procedures? Are com-
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pression “boots” or a MAST (military
antishock trouser) suit beneficial for
patients in prearrest states or cardiac
arrest following hemi-Fontan/BDG or
Fontan procedures?

Pulmonary HypertensionPeds-056A

Gonsensus on Science

Two LOE 5 observational pediatric
studies®78677 showed that children with
pulmonary hypertension are at in-
creased risk for cardiac arrest. There
are no studies that demonstrate the
superiority of any specific therapy for
resuscitation from cardiac arrest in
infants and children with a pulmonary
hypertensive crisis.

In 1 LOE 5 retrospective study in adults®™®
standard CPR techniques were often
unsuccessful in victims with pulmonary
hypertension and cardiac arrest. Those
who were successfully resuscitated had
a reversible cause and received a bolus
of IV iloprost or inhaled nitric oxide (NO)
during the resuscitation.

One LOE 5 study of adults after cardiac
transplant®”® and 2 LOE 5 studies in
children with congenital heart dis-
ease®088 opserved that inhaled NO
and aerosolized prostacyclin or ana-
logues appearto be equally effective in
reducing pulmonary vascular resis-
tance. In 1 LOE 5 study in children with
pulmonary hypertension after cardiac
surgerys82 inhaled NO and alkalosis ap-
peared to be equally effective in reduc-
ing pulmonary vascular resistance.
There is no evidence of benefit or harm
of excessive ventilation for infants and
children in cardiac arrest with pulmo-
nary hypertension.

Four LOE 5 studies in pulmonary hyper-
tensive adults and children with crises
or cardiac arrestt®-68 showed that
mechanical right ventricular support
improved survival.

Treatment Recommendations

Rescuers should provide conventional
pediatric advanced life support, includ-
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ing oxygenation and ventilation for car-
diac arrest associated with pulmonary
hypertension. It may be beneficial to
attempt to correct hypercarbia. If the
administration of medications (IV or
inhaled) to decrease pulmonary artery
pressure has been interrupted, it may
be advisable to reinstitute it.

Inhaled NO or aerosolized prostacyclin
or analogue to reduce pulmonary vas-
cular resistance should be consid-
ered. [funavailable, an IV bolus of pros-
tacyclin may be considered.

Knowledge Gaps

Is epinephrine harmful for resusci-
tation of pediatric patients with pulmo-
nary hypertension who are in pre-
arrest states or cardiac arrest? Is
excessive ventilation of infants and
children in prearrest states or car-
diac arrest in the setting of pulmo-
nary hypertension helpful or harmful?
Does vasopressin improve outcome
for cardiac arrest in the setting of pul-
monary hypertensive crisis? Is a pure
B-agonist, such as isoproterenol, ef-
fective or harmful during prearrest
states or cardiac arrest associated
with pulmonary hypertension®? If used
early in resuscitation, does the use of
ECLS improve the outcome of the infant
or child with pulmonary hypertension?

PROGNOSIS AND DECISION TO
TERMINATE CPRPeds-060

Consensus on Science

In 1 LOE 3% and 1 LOE 4888 study, sur-
vival from in-hospital pediatric cardiac
arrest in the 1980s was approximately
9%. One LOE 1%38 and 1 LOE 3 pediatric
study®® showed that survival from in-
hospital cardiac arrest in the early
2000s was 16% to 18%. Three prognos-
tic LOE 1 prospective observational pe-
diatric studies from 200655769891 re-
ported that survival from in-hospital
cardiac arrestin 2006 was 26% to 27%.

One LOE 1 prospective study3% showed
that survival from all pediatric out-of-
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hospital cardiac arrest was 6% com-
pared with 5% for adults. Survival in
infants was 3%, and in children and
adolescents survival was 9%. This
study demonstrated that earlier poor
survival rates were heavily influenced
by poor infant survival (many of whom
probably had sudden infant death syn-
drome and had probably been dead for
some time).

Thirteen (LOE 1.'500,301,537,538,690,692,693; LOE
3577,687,694; LOE 4688,695,696) studies Showed
an association between several fac-
tors and survival from cardiac arrest.
These factors include duration of CPR,
number of doses of epinephrine, age,
witnessed versus unwitnessed car-
diac arrest, obesity, 57 and the first and
subsequent cardiac rhythm. Thirteen
studies (LOE 1300645, |QE 269 [OE
5645,650,694,699—703; LOE 4704,705) Showed an
association between mortality and
causes of arrest such as submersion
and trauma for out-of-hospital cardiac
arrest. None of the associations re-
ported in these studies allow predic-
tion of outcome.

Treatment Recommendations

There is insufficient evidence to allow
a reliable prediction of success or fail-
ure to achieve ROSC or survival from
cardiac arrest in infants and children.

Knowledge Gaps

Are there reliable prognostic factors
to guide decision making to terminate
GPR in infants and children? Are there
reliable clinical factors to predict neu-
rologic outcome following resuscita-
tion from cardiac arrest in infants and
children?
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Task Force WS ID PICO Title Short Title Authors URL
Peds Peds-001A In infants (<1 year, not including newly born) in cardiac arrest AEDs in children less Reylon A. Meeks http://circ.ahajournals.org/site/C2010/Peds-001A.pdf
(prehospital [OHCA], in-hospital [IHCA]) (P), does the use of AEDs (I) than 1yr

compared with standard management (which does not include use of
AEDs) (C), improve outcomes (eg. termination of rhythm, ROSC, survival)

0)?
Peds Peds-001B In infants (<1 year, not including newly born) in cardiac arrest AEDs in children less Antonio Rodriguez- http://circ.ahajournals.org/site/G2010/Peds-001B.pdf
(prehospital [0HCA], in-hospital [IHCA]) (P), does the use of AEDs (I) than 1 yr Nunez

compared with standard management (which does not include use of
AEDs) (C), improve outcomes (eg. termination of rhythm, ROSC, survival)

(0)?
Peds Peds-002A For infants and children in cardiac arrest, does the use of a pulse check (1) Pulse check accuracy Aaron Donoghue, http://circ.ahajournals.org/site/C2010/Peds-002A.pdf
vs. assessment for signs of life (C) improve the accuracy of diagnosis of James Tibballs
pediatric CPA (0)?
Peds Peds-003 During cardiac arrest in infants or children (P), does the presence of Family presence Douglas S. Diekema http://circ.ahajournals.org/site/C2010/Peds-003.pdf

family members during the resuscitation (I) compared to their absence (C)
improve patient or family outcome measures (0)?
Peds Peds-004 In infants and children with respiratory failure who undergo endotracheal Verification of airway Diana G. Fendya, http://circ.ahajournals.org/site/C2010/Peds-004.pdf
intubation (prehospital [OHCA], in-hospital [IHCA]) (P), does the use of placement Monica Kleinman
devices (eg. CO, detection device, CO, analyzer or esophageal detector
device) (I) compared with usual management (C), improve the accuracy of
diagnosis of airway placement (0)?

Peds Peds-005A In pediatric patients with cardiac arrest (prehospital [OHCA] or in-hospital End-tidal CO, to Arno Zaritsky http://circ.ahajournals.org/site/C2010/Peds-005A.pdf
[IHCAI) (P), does the use of end-tidal CO, (I), compared with clinical diagnose perfusing
assessment (C), improve accuracy of diagnosis of a perfusing rhythm (0)? rhythm
Peds Peds-0058 In pediatric patients with cardiac arrest (prehospital [OHCA] or in-hospital End-tidal CO, to Anne-Marie http://circ.ahajournals.org/site/C2010/Peds-005B.pdf
[IHCAI) (P), does the use of end-tidal CO, (I), compared with clinical diagnose perfusing Guerguerian
assessment (C), improve accuracy of diagnosis of a perfusing rhythm (0)? rhythm
Peds Peds-006B In pediatric patients in clinical cardiac arrest (prehospital [0HCA] or in Methods to diagnose Christoph B. Eich, http://circ.ahajournals.org/site/C2010/Peds-006B.pdf
hospital [IHCA]) (P), does the use of a focused echocardiogram (1) perfusing rhythm Faiga A. Qureshi

compared with standard assessment, assist in the diagnosis of reversible
causes of cardiac arrest?
Peds Peds-007 In children requiring emergent intubation (prehospital, in-hospital) (P), Cuffed vs uncuffed Ashraf Coovadia http://circ.ahajournals.org/site/C2010/Peds-007.pdf
does the use of cuffed ETTs (I) compared with uncuffed ETTs (C) improve ETTs
therapeutic endpoints (eg, oxygenation and ventilation) or reduce
morbidity or risk of complications (eg, need for tube change, airway injury,
aspiration) (0)?
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In children requiring assisted ventilation (prehospital, in-hospital) (P), does
the use of bag-valve-mask (I) compared with endotracheal intubation (C)
improve therapeutic endpoints (oxygenation and ventilation), reduce
morbidity or risk of complications (eg, aspiration), or improve survival (0)?
In pediatric patients in cardiac arrest (prehospital [OHCA] or in-hospital
[IHCA]) (P), does the use of supraglottic airway devices (I) compared with
bag-valve-mask alone (C), improve therapeutic endpoints (eg, ventilation
and oxygenation), improve quality of resuscitation (eg, reduce hands-off
time, allow for continuous compressions), reduce morbidity or risk of
complications (eg, aspiration) or improve survival (0)?

For infants and children who have ROSC after cardiac arrest (P), does the
use of induced hypothermia (I) compared with normothermia (C) improve
outcome (survival to discharge, survival with good neurologic outcome)
(0)?

For infants and children who have ROSC after cardiac arrest (P), does the
use of induced hypothermia (I) compared with normothermia (C) improve
outcome (survival to discharge, survival with good neurologic outcome)
0)?

In infants and children with cardiac arrest from a non-asphyxial or
asphyxial cause (excluding newborns) (prehospital [OHCA] or in-hospital
[IHCA) (P), does the use of another specific G:V ratio by laypersons and
HCPs (1) compared with standard care (15:2) (C), improve outcome (eg,
ROSC, survival) (0)?

In infants and children (not including newborns) with cardiac arrest (out-
of-hospital and in-hospital) (P), does the use of compression-only CPR (1) as
opposed to standard CPR (ventilations and compressions) (C), improve
outcome (0) (eg, ROSC, survival)?

In pediatric patients with cardiac arrest (prehospital [OHCA] or in-hospital
[IHCA]) and a secure airway (P), does the use of a specific minute
ventilation (combination of respiratory rate and tidal volume) depending on
the etiology of the arrest (I) as opposed to standard care (8—10
asynchronous breaths per minute) (C), improve outcome (0) (eg. ROSC,
survival)?

In pediatric patients with cardiac arrest (prehospital [OHCA] or in-hospital
[IHCA]) and a secure airway (P), does the use of a specific minute
ventilation (combination of respiratory rate and tidal volume) depending on
the etiology of the arrest (1) as opposed to standard care (8—10
asynchronous breaths per minute) (C), improve outcome (0) (eg. ROSC,
survival)?

In pediatric patients in cardiac arrest (prehospital [OHCA] or in-hospital
[IHCA]) (P) does the use of rapid deployment ECMO or emergency cardiopul-
monary bypass (1), compared with standard treatment (C), improve
outcome (ROSG, survival to hospital discharge, survival with favorable
neurologic outcomes) (0)?”

In pediatric patients in cardiac arrest (prehospital [OHCA] or in-hospital
[IHCA]) (P) does the use of rapid deployment ECMO or emergency cardiopul-
monary bypass (1), compared with standard treatment (C), improve
outcome (ROSC, survival to hospital discharge, survival with favorable
neurologic outcomes) (0)?

In pediatric patients in cardiac arrest, associated with or without asphyxia
(prehospital [OHCA] or in-hospital [IHCAI) (P) does ventilation with a
specific oxygen concentration (room air or a titrated concentration
between 0.21 and 1.0) (1), compared with standard treatment (100%
oxygen) (C), improve outcome (ROSC, survival to hospital discharge,
survival with favorable neurologic outcome) (0)?

In infants and children with ROSC after cardiac arrest (prehospital or in-
hospital) (P), does the use of a specific strategy to manage blood glucose
(eg. target range) (1) as opposed to standard care (C), improve outcome (0)
(eg. survival)?

In pediatric patients with cardiac arrest (pre-hospital [OHCA] or in-hospital
[IHCA]) (P), does the use of any specific alternative method for calculating
drug dosages (I) compared with standard weight-based dosing (C), improve
outcome (eg, achieving expected drug effect, ROSC, survival, avoidance of
toxicity) (0)?

In adult and pediatric patients with cardiac arrest (pre-hospital [OHCA] or
in-hospital [IHCA) (P), does the use of any specific alternative dosing
regimen for epinephrine () compared with standard recommendations (C),
improve outcome (eg. ROSC, survival to hospital discharge, survival with
favorable neurologic outcome) (0)?

In pediatric patients with cardiac arrest (pre-hospital [OHCA] or in-hospital
[IHCA]) due to VF/pulseless VT (P), does the use of amiodarone (1)
compared with lidocaine (C), improve outcome (eg, ROSC, survival to
hospital discharge, survival with favorable neurologic outcome) (0)?

In adult and pediatric patients with cardiac arrest (pre-hospital [OHCA] or
in-hospital [IHCA]) (P), does the use of vasopressin or vasopressin + epi-
nephrine (I) compared with standard treatment recommendations (C),
improve outcome (eg, ROSC, survival to hospital discharge, or survival with
favorable neurologic outcome) (0)?
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In adult and pediatric patients with cardiac arrest (pre-hospital [OHCA] or
in-hospital [IHCA]) (P), does the use of vasopressin or vasopressin + epi-
nephrine (I) compared with standard treatment recommendations (C),
improve outcome (eg, ROSC, survival to hospital discharge, or survival with
favorable neurologic outcome) (0)?

In pediatric patients with cardiac arrest (pre-hospital [OHCA] or in-hospital
[IHCA]) (P), does the use of calcium (I) compared with no calcium (C),
improve outcome (0) (eg. ROSC, survival to hospital discharge, survival
with favorable neurologic outcome)?

In pediatric patients with cardiac arrest (pre-hospital [OHCA] or in-hospital
[IHCA]) (P), does the use of calcium (I) compared with no calcium (C),
improve outcome (0) (eg. ROSC, survival to hospital discharge, survival
with favorable neurologic outcome)?

In pediatric patients with cardiac arrest due to primary or secondary VF or
pulseless VT (pre-hospital [OHCA] or in-hospital [IHCAI) (P), does the use of
more than one shock for the initial or subsequent defibrillation attempt(s)
(I), compared with standard management (C), improve outcome (eg.
termination of rhythm, ROSC, survival to hospital discharge, survival with
favorable neurologic outcome) (0)?

In pediatric patients with cardiac arrest due to primary or secondary VF or
pulseless VT (pre-hospital [0HCA] or in-hospital [IHCA]) (P), does the use of
a specific energy dose or regimen of energy doses for the initial or
subsequent defibrillation attempt(s) (1), compared with standard
management (C), improve outcome (eg. termination of rhythm, ROSC,
survival to hospital discharge, survival with favorable neurologic outcome)
(0)?

In pediatric patients with cardiac arrest due to primary or secondary VF or
pulseless VT (pre-hospital [OHCA] or in-hospital [IHCA]) (P), does the use of
a specific energy dose or regimen of energy doses for the initial or
subsequent defibrillation attempt(s) (1), compared with standard
management (C), improve outcome (eg. termination of rhythm, ROSC,
survival to hospital discharge, survival with favorable neurologic outcome)
0)?

In pediatric patients with ROSC after cardiac arrest (pre-hospital [OHCA] or
in-hospital [IHCA]) who have signs of cardiovascular dysfunction (P), does
the use of any specific cardioactive drugs (I) as opposed to standard care
(or different cardioactive drugs) (C), improve physiologic endpoints
(oxygen delivery, hemodynamics) or patient outcome (eg, survival to
discharge or survival with favorable neurologic outcome) (0)?

In pediatric patients with ROSC after cardiac arrest (pre-hospital [OHCA] or
in-hospital [IHCA]) who have signs of cardiovascular dysfunction (P), does
the use of any specific cardioactive drugs (I) as opposed to standard care
(or different cardioactive drugs) (C), improve physiologic endpoints
(oxygen delivery, hemodynamics) or patient outcome (eg, survival to
discharge or survival with favorable neurologic outcome) (0)?

In pediatric patients with in-hospital cardiac or respiratory arrest (P), does
use of EWSS/response teams/MET systems (I) compared with no such
responses (C), improve outcome (eg, reduce rate of cardiac and
respiratory arrests and in-hospital mortality) (0)?

In pediatric patients with in-hospital cardiac or respiratory arrest (P), does
use of EWSS/response teams/MET systems (I) compared with no such
responses (C), improve outcome (eg, reduce rate of cardiac and
respiratory arrests and in-hospital mortality) (0)?

For intubated newborns within the first month of life (beyond the delivery
room) who are receiving chest compressions (P), does the use of
continuous chest compressions (without pause for ventilation) (1) vs. chest
compressions with interruptions for ventilation (C) improve outcome (time
to sustained heart rate >100, survival to ICU admission, survival to
discharge, survival with favorable neurologic status) (0)?

For newborns within the first month of life (beyond the delivery room) who
are not intubated and who are receiving CPR (P), does the use of a 3:1
compression to ventilation ratio (I), compared with a 15:2 compression to
ventilation ratio (C) improve outcome (time to sustained heart rate >100,
survival to ICU admission, survival to discharge, discharge with favorable
neurologic status) (0)?

In pediatric patients with cardiac arrest (out-of-hospital and in-hospital)
(including prolonged arrest states) (P), does the use of NaHCO; (1)
compared with no NaHCOj3 (C), improve outcome (0) (eg. ROSC, survival)?
In infants and children in cardiac arrest (prehospital [OHCA], in-hospital
[IHCA]) (P), does the use of any specific paddle/pad size/orientation and
position (I) compared with standard resuscitation or other specific paddle/
pad size/orientation and position) (C), improve outcomes (eg. successful
defibrillation, ROSC, survival) (0)?
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Peds Peds-030 In infants and children with unstable ventricular tachycardia (pre-hospital Unstable VT Jeffrey M. Berman, http://circ.ahajournals.org/site/C2010/Peds-030.pdf
and in-hospital) (P), does the use of any drug/ combination of drugs/ Bradford D. Harris
intervention (eg. cardioversion) (I) compared with no drugs/intervention
(C) improve outcome (eg, termination of rhythm, survival) (0)?
Peds Peds-031 In infants and children with supraventricular tachycardia with a pulse (P), Drugs for SVT Ricardo A. Samson http://circ.ahajournals.org/site/C2010/Peds-031.pdf
does the use of any drug or combination of drugs (I), compared with aden-
osine (C), result in improved outcomes (termination of rhythm, survival)?
Peds Peds-032 In infants and children with hemorrhagic shock following trauma (P), does Graded volume Jesus Lopez-Herce http://circ.ahajournals.org/site/C2010/Peds-032.pdf
the use of graded volume resuscitation (I) as opposed to standard care (C), resuscitation for
improve outcome (hemodynamics, survival) (0)? traumatic shock
Peds Peds-033 In pediatric patients in cardiac arrest (prehospital [OHCA], in-hospital One hand vs two Sharon B. Kinney http://circ.ahajournals.org/site/C2010/Peds-033.pdf
[IHCAD) (P), does the use of one hand chest compressions (I) compared hand compressions
with two hand chest compressions (C) improve outcomes (eg. ROSC,
rescuer performance) (0)?
Peds Peds-034 In infants with cardiac arrest (prehospital [OHCA], in-hospital [IHCA]) (P), Circumferential James Tibballs http://circ.ahajournals.org/site/C2010/Peds-034.pdf
does the use of two-thumb chest compression without circumferential squeeze for infant
squeeze () compared to two-thumb chest compression with CPR
circumferential squeeze (C) improve outcome (eg. ROSC, rescuer
performance (0)?
Peds Peds-035 In infants and children with cardiac arrest (P), does establishing 10vs IV Jonathan Duff http://circ.ahajournals.org/site/C2010/Peds-035.pdf
intraosseous access (I) compared to establishing conventional (non-
intraosseous) venous access (C) improve patient outcome (eg. ROSC,
survival to hospital discharge (0)?
Peds Peds-036 In infants and children with cardiac arrest (P), does the use of tracheal ETvs IV drugs Mioara D. Manole http://circ.ahajournals.org/site/C2010/Peds-036.pdf
drug delivery () compared to intravenous drug delivery (C) worsen patient
outcome (eg. ROSC, survival to hospital discharge (0)?
Peds Peds-0388 In infants and children in shock, does early intubation and assisted Intubation for shock Amelia Reis http://circ.ahajournals.org/site/C2010/Peds-038B.pdf
ventilation compared to the use of these interventions only for associated (timing)
respiratory failure lead to improved patient outcome (hemodynamics,
survival?)
Peds Peds-039A In infants and children with respiratory failure who require emergent Cricoid pressure and Lester T. Proctor http://circ.ahajournals.org/site/C2010/Peds-039A.pdf
endotracheal intubation (P), does the use of cricoid pressure or laryngeal laryngeal
manipulation (I), when compared with standard practice (C), improve or manipulation
worsen outcome (eg. success of intubation, aspiration risk, side effects,
etc) (0)?
Peds Peds-0398 In infants and children with respiratory failure who require emergent Cricoid pressure and lan Maconochie http://circ.ahajournals.org/site/C2010/Peds-039B.pdf
endotracheal intubation (P), does the use of cricoid pressure or laryngeal laryngeal
manipulation (I), when compared with standard practice (C), improve or manipulation
worsen outcome (eg. success of intubation, aspiration risk, side effects,
etc) (0)?
Peds Peds-040A In infants and children in cardiac arrest (out-of-hospital and in-hospital) Compression depth Robert M. Sutton http://circ.ahajournals.org/site/C2010/Peds-040A.pdf
(P), does any specific compression depth (1) as opposed to standard care
(ie. depth specified in treatment algorithm) (C), improve outcome (0) (eg.
Blood pressure, ROSC, survival)?
Peds Peds-040B Ininfants and children in cardiac arrest (out-of-hospital and in-hospital) Compression depth David Zideman http://circ.ahajournals.org/site/C2010/Peds-040B.pdf
(P), does any specific compression depth (I) as opposed to standard care
(ie. depth specified in treatment algorithm) (C), improve outcome (0) (eg.
Blood pressure, ROSC, survival)?
Peds Peds-041A In children and infants with cardiac arrest due to major (blunt or Traumatic arrest Kennith Sartorelli http://circ.ahajournals.org/site/C2010/Peds-041A.pdf
penetrating) injury (out-of-hospital and in-hospital) (P), does the use of any
specific modifications to standard resuscitation (I) compared with
standard resuscitation (C), improve outcome (0) (eg. ROSC, survival)? eg.
open vs closed chest CPR, other examples
Peds Peds-041B In children and infants with cardiac arrest due to major (blunt or Traumatic arrest Jesus Lopez-Herce http://circ.ahajournals.org/site/C2010/Peds-041B.pdf
penetrating) injury (out-of-hospital and in-hospital) (P), does the use of any
specific modifications to standard resuscitation (1) compared with
standard resuscitation (C), improve outcome (0) (eg. ROSC, survival)? eg.
open vs closed chest CPR, other examples
Peds Peds-043A In infants and children in cardiac arrest (prehospital [OHCA], in-hospital Hands off Mark Terry http://circ.ahajournals.org/site/C2010/Peds-043A.pdf
[IHCAD) (P), does the use of self-adhesive defibrillation pads (I) compared defibrillation vs
with paddles (C), improve outcomes (eg. successful defibrillation, ROSC, paddles
survival) (0)?
Peds Peds-043B In infants and children in cardiac arrest (prehospital [OHCA], in-hospital Hands off Farhan Bhanji http://circ.ahajournals.org/site/C2010/Peds-043B.pdf
[IHCA]) (P), does the use of self-adhesive defibrillation pads (I) compared defibrillation vs
with paddles (C), improve outcomes (eg. successful defibrillation, ROSC, paddles
survival) (0)?
Peds Peds-044A In infants and children with any type of shock (P), does the use of any Resuscitation fluids Sharon E. Mace http://circ.ahajournals.org/site/C2010/Peds-044A.pdf
specific resuscitation fluid or combination of fluids [eg: isotonic crystalloid,
colloid, hypertonic saline, blood products] (1) when compared with
standard care (C) improve patient outcome (hemodynamics, survival) (0)?
Peds Peds-044B In infants and children with any type of shock (P), does the use of any Resuscitation fluids Richard P. Aickin http://circ.ahajournals.org/site/C2010/Peds-044B.pdf
specific resuscitation fluid or combination of fluids [eg: isotonic crystalloid,
colloid, hypertonic saline, blood products] (I) when compared with
standard care (C) improve patient outcome (hemodynamics, survival) (0)?
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In infants and children with distributive shock with and without myocardial
dysfunction (P), does the use of any specific inotropic agent (1) when
compared to standard care (C), improve patient outcome (hemodynamics,
survival) (0)?

In infants and children with distributive shock with and without myocardial
dysfunction (P), does the use of any specific inotropic agent (1) when
compared to standard care (C), improve patient outcome (hemodynamics,
survival) (0)?

In infants and children with cardiogenic shock (P), does the use of any
specific inotropic agent (1) when compared with standard care (C),
improve patient outcome (hemodynamics, survival) (0)?

In infants and children with hypotensive septic shock (P), does the use of
etomidate as an induction agent to facilitate intubation (I) compared with a
standard technique without etomidate (C) improve patient outcome (hemo-
dynamics, survival) (0)?

In infants and children with hypotensive septic shock (P), does the use of
etomidate as an induction agent to facilitate intubation (I) compared with a
standard technique without etomidate (C) improve patient outcome (hemo-
dynamics, survival) (0)?

In infants and children who are undergoing resuscitation from cardiac
arrest (P), does consideration of a channelopathy as the etiology of the
arrest (1), as compared with standard management (C), improve outcome
(ROSC, survival to discharge, survival with favorable neurologic outcome)
(0)?

In infants and children who are undergoing resuscitation from cardiac
arrest (P), does consideration of a channelopathy as the etiology of the
arrest (1), as compared with standard management (C), improve outcome
(ROSC, survival to discharge, survival with favorable neurologic outcome)
(0)?

In infants and children with hypotensive septic shock (P), does the use of
corticosteroids in addition to standard care (I) when compare with
standard care without the use of corticosteroids (C), improve patient
outcome (eg. Hemodynamics or survival) (0)?

In infants and children with hypotensive septic shock (P), does the use of
corticosteroids in addition to standard care (I) when compare with
standard care without the use of corticosteroids (C), improve patient
outcome (eg. Hemodynamics or survival) (0)?

In infants and children with acute iliness or injury (P), do specific diagnos-
tic tests (laboratory data [mixed venous oxygen saturation, pH, lactatel, (1)
as opposed to clinical data (vital signs, capillary refill, mental status, end-
organ function [urine output]) (C), increase the accuracy of diagnosis of
shock (0)?

In infants and children with acute iliness or injury (P), do specific diagnos-
tic tests (laboratory data [mixed venous oxygen saturation, pH, lactate], (1)
as opposed to clinical data (vital signs, capillary refill, mental status, end-
organ function [urine output]) (C), increase the accuracy of diagnosis of
shock (0)?

In infants and children with cardiac arrest or symptomatic bradycardia
that is unresponsive to oxygenation and/or ventilation (P), does the use of
atropine (1), as compared with epinephrine or no atropine (C), improve
patient outcome (return to age-appropriate heart rate, subsequent
pulseless arrest, ROSC, survival) (0)?

For infants and children with Fontan or hemi-Fontan circulation who
require resuscitation from cardiac arrest or pre-arrest states (prehospital
[OHCA] or in-hospital [IHCA]) (P), does any specific modification to standard
practice (I) compared with standard resuscitation practice (C) improve
outcome (eg. ROSC, survival to discharge, survival with good neurologic
outcome (0)?

For infants and children in cardiac arrest with pulmonary hypertension
(prehospital [OHCA] or in-hospital [IHCAI) (P), do any specific modifications
to resuscitation techniques (1) compared with standard resuscitation
techniques (C), improve outcome (ROSC, survival to discharge, favorable
neurologic survival) (0)?

For infants and children who require endotracheal intubation (prehospital
or in hospital) (P) does the use of a specific formula to guide cuffed
endotracheal tube size (1), as opposed to the use of the existing formula of
3 + age/4 (C), achieve better outcomes (eg. successful tube placement)
(0)?

For infants and children who require endotracheal intubation (prehospital
or in hospital) (P) does the use of a specific formula to guide cuffed
endotracheal tube size (1), as opposed to the use of the existing formula of
3 + age/4 (C), achieve better outcomes (eg. successful tube placement)
0)?
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CoSTR Part 10: Worksheet Appendix, Continued

Task Force WS ID PICO Title Short Title Authors URL

Peds Peds-059 For infants and children with single ventricle, s/p stage | repair who Resuscitation of the George M. Hoffman, http://circ.ahajournals.org/site/C2010/Peds-059.pdf
require resuscitation from cardiac arrest or pre-arrest states (prehospital patient with single Shane Tibby
[OHCAI or in-hospital [IHCA]) (P), does any specific modification to standard ventricle

practice (I) compared with standard resuscitation practice (C) improve
outcome (eg. ROSC, survival to discharge, survival with good neurologic
outcome) (0)?

Peds Peds-060 For pediatric patients (in any setting (P), is there a clinical decision rule (1) Clinical decision Gabrielle Nuthall http://circ.ahajournals.org/site/C2010/Peds-060.pdf
that enables reliable prediction of ROSC (or futile resuscitation efforts)? rules to predict ROSC
(PROGNOSIS)
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