Circulation -- Nadkarni et al. 95 (8): 2185

Institution: AHA National Center Sign In as Member/Individual (Non-Member) Subscription Activation

(Circulation. 1997;95:2185-2195.)
© 1997 American Heart Association, Inc.

Citation Map
Email this article to a friend
Similar articles found in:
Circulation Online
PubMed

Articles

PubMed Citation
This Article has been cited by:
other online articles

Pediatric Resuscitation

Search Medline for articles by:
Nadkarni, V. || Tiballs, J.

An Advisory Statement From the Pediatric Working Group of the
International Liaison Committee on Resuscitation

Alert me when:
new articles cite this article
Download to Citation Manager

Writing Group
Vinay Nadkarni, MD, Chair1; Mary Fran Hazinski, MSN, RN1; David Zideman, MD2; John Kattwinkel,
MD3; Linda Quan, MD1; Robert Bingham, MD2; Arno Zaritsky, MD1; Jon Bland, MD2; Efraim Kramer,
MD4; James Tiballs, MD5

Key Words: pediatrics • AHA Medical/Scientific Statements • cardiopulmonary resuscitation

Purpose
Top

This summary document reflects the deliberation of the Pediatric Working Group of the
Purpose
International Liaison Committee on Resuscitation (ILCOR). The ILCOR goal is to improve
Background
Age Definitions: What Defines...
consistency of guidelines issued by international resuscitation councils and associations. The
Pediatric BLS
purpose of this summary is to highlight areas of conflict or controversy in current pediatric basic
Pediatric ALS
1
2
3
4
5
and advanced life support guidelines,
outline solutions considered, and provide
Guidelines for the Newly...
recommendations reached by consensus of the working group. Unresolved issues are listed and a
Research
few areas of active guideline research interest and investigation are highlighted. This document
Areas of Controversy, Unresolved...
does not include a complete list of guidelines for which there is no perceived controversy. The
Appendix 1
algorithm/decision tree figures presented attempt to illustrate a common flow of assessments and
References
interventions. Whenever possible, this was coordinated to complement the basic life support
(BLS) and advanced life support (ALS) algorithms used for adult victims. Since arrest of the newly born infant presents unique
resuscitation challenges in terms of etiology, physiology, and required resources, the working group developed a separate section
addressing initial resuscitation of the newly born. Other areas of departure from the adult algorithms are noted and the rationale explained
in text.
In the absence of specific pediatric data (outcome validity), recommendations may be made or supported on the basis of common sense
(face validity) or ease of teaching or skill retention (construct validity). Practicality of recommendations in the context of local resources
(technology and personnel) and customs must always be considered. In compiling this document, it was surprising to the working group
participants how few differences exist among current pediatric guidelines advocated by the American Heart Association, the Heart and
Stroke Foundation of Canada, the European Resuscitation Council, the Australian Resuscitation Council, and the Resuscitation Councils
of Southern Africa.

http://circ.ahajournals.org/cgi/content/full/95/8/2185 (1 of 16) [9/29/2003 2:16:55 PM]

Circulation -- Nadkarni et al. 95 (8): 2185

Background
The epidemiology and outcome of pediatric cardiopulmonary arrest and the priorities, techniques,
and sequence of pediatric resuscitation assessments and interventions differ from those of adults.
As a result, it is imperative that any guidelines developed for pediatric resuscitation address the
unique needs of the newly born, infant, child, and young adult. Unfortunately, specific data
supporting these differences have been deficient in both quantity and quality for several reasons:
(1) pediatric cardiac arrest is uncommon, (2) in most circumstances survival from documented
asystolic pediatric cardiac arrest is dismal, and (3) most pediatric studies have failed to utilize
consistent patient inclusion criteria and resuscitation outcome definitions and measures.
Additional specific pediatric data including data for the newly born are required to confirm or
further refine pediatric resuscitation techniques.
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In general, prehospital primary cardiac arrest is a less common etiology of arrest in children and young adults than in older adults,6 7 8
and primary respiratory arrest appears to be a more common etiology than primary cardiac arrest in children.9 10 11 12 13 However, most
reports of pediatric arrest contain insufficient patient numbers or utilize exclusion criteria that prohibit broad generalization of study
results to general or international pediatric populations. In a 15-year retrospective study of prehospital cardiac arrest from the United
States, only 7% of 10 992 victims of prehospital cardiac arrest were younger than 30 years, and only 3.7% were younger than 8 years.6
Only 2% of victims of in-hospital cardiopulmonary resuscitation (CPR) in Great Britain were 0 to 14 years of age.14
Cardiac arrest in children is rarely sudden; it is typically the end result of deterioration in respiratory function or shock, and the terminal
rhythm is typically bradycardia with progression to pulseless electrical activity or asystole.15 16 Ventricular tachycardia and fibrillation
have been reported in 15% or less of a subset of pediatric and adolescent victims of prehospital cardiac arrest,6 7 even when rhythm is
assessed by first responders.17 18
Survival following prehospital cardiopulmonary arrest averages only approximately 3% to 17% in most studies, and survivors are often
neurologically devastated.7 9 10 11 15 17 18 19 20 21 22 23 In addition, most pediatric resuscitation reports are retrospective in design and
plagued with inconsistent resuscitation definitions and patient inclusion criteria. As a result, conclusions based upon statistical analysis of
the efficacy of specific resuscitative efforts are unreliable. Some of these problems should be improved by application of uniform
guidelines for reporting outcomes of ALS interventions outlined in the pediatric Utstein-style guidelines.24 Large, randomized multicenter
and multinational clinical trials are clearly needed.

Age Definitions: What Defines an Infant, Child, and Adult?
The age of the victim is currently the primary characteristic that guides decisions for application
of resuscitation sequences and techniques. Discrimination on the basis of age alone is inadequate.
Further, any single age delineation of the "child" versus the "adult" is arbitrary because there is no
single parameter that separates the infant from the child from the adult. The following factors
should be considered.
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Anatomy
There is consensus that the age cut-off for infants should be at approximately 1 year. In general,
cardiac compression can be accomplished using one hand for victims up to the age of
approximately 8 years. However, variability in the size of the victim or the size and strength of
the rescuer can require use of the two-handed "adult" compression technique for cardiac compression. For instance, the chronically ill
infant may be sufficiently small to enable compression using circular hand technique, and a 6- or 7-year-old may be too large for the onehand compression technique. A small rescuer may need to use two hands to effectively compress the chest of a child victim.
Physiology
The newly born provide an example of how physiological considerations may affect resuscitative interventions. Perinatal circulatory
changes during transition from fetus to newborn may result in profound extrapulmonary shunting of blood. Fluid-filled alveoli may
require higher initial ventilation pressures than subsequent rescue breathing. Lung inspiratory and expiratory time constants for filling and
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emptying and inflation volumes may need to be adjusted according to both anatomic and physiological development.
Epidemiology
Ideally the sequence of resuscitation should be determined by the most likely cause of the arrest. In the newly born infant this will be
most likely related to respiratory failure. In the older infant and child it may be related to progression of respiratory failure, shock, or
neurological dysfunction. In general, pediatric prehospital arrest has been characterized as hypoxic, hypercarbic arrest with respiratory
arrest preceding asystolic cardiac arrest.10 25 26 Therefore, a focus on early ventilation and early CPR (rather than early emergency
medical services [EMS] activation and/or defibrillation) appears to be warranted. Early effective oxygenation and ventilation must be
established as quickly as possible. Primary dysrhythmic cardiac arrest may occur and should particularly be considered in patients with
underlying cardiac disease or history consistent with myocarditis.
Resuscitation Sequence/EMS Activation
Local response intervals, dispatcher training, and EMS protocols may dictate the sequence of early life support interventions. In addition,
the sequence of resuscitation actions must consider the most likely causes of arrest in the victim. Respiratory failure and/or trauma may be
the primary etiologies of cardiopulmonary arrest in victims aged 40 years or younger,6 8 with a relatively low incidence of primary
ventricular fibrillation (VF). One critical issue in determining the sequence of interventions is whether the primary cause of arrest is due
to a cardiac or respiratory etiology. The probability of successful resuscitation based on that etiology is another important unresolved
resuscitation question.

Pediatric BLS
Determination of Responsiveness
Unresponsiveness mandates assessment and support of airway and breathing. Infants and patients
with suspected cervical spinal injury should not be shaken to assess responsiveness.
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Airway
Consensus continues to support use of the head tilt–chin lift or the jaw thrust (the jaw thrust
especially when cervical spine instability or neck trauma is suspected) to open the airway. Other
maneuvers, such as the tongue–jaw lift, may be considered if initial ventilation is unsuccessful
despite repositioning of the head. The most common cause of airway obstruction in the
unconscious pediatric victim is the tongue.27 Although the use of a tongue–jaw lift and visual
mouth inspection prior to ventilation of any unconscious infant may be considered if foreign body airway obstruction is strongly
suspected, there are no data to support the delay of attempted ventilation in all victims. Blind removal or attempted visualization of
unsuspected foreign bodies is not likely to be effective for the following reasons: foreign bodies causing complete airway obstruction are
unlikely to be visible with cursory inspection, the object may not be retrievable, and attempted intervention may result in displacement of
the object further into the trachea. More data are needed regarding the optimal method of keeping the airway open to ensure effective
ventilation during CPR.
Breathing
There is general consensus regarding the technique for rescue breathing for infants and children. The current recommendations for initial
number of attempted breaths, however, vary from 2 to 5.1 2 3 4 5 There are no data to support any specific number of initial breaths. There
was agreement that a minimum of 2 breaths be attempted. The rationale for attempting to deliver more than 2 initial ventilations includes
the need to provide effective ventilation for pediatric victims based upon the likely hypoxic and hypercarbic etiology of arrest, suspected
inability of the lay rescuer to establish effective ventilation with only 2 attempts, and clinical impressions that more than 2 breaths may be
required to improve oxygenation and restore effective heart rate in the apneic, bradycardic infant.
Initial breaths should be delivered slowly, over 1.0 to 1.5 seconds, with a force sufficient to make the chest clearly rise. Care and attention
to abdominal distention caused by insufflation of gas into the stomach should be recognized and avoided.28 29 30
Consideration of the optimal method for delivering breaths to infants supports the current recommendation of mouth to mouth-and-nose
ventilation for infants up to 1 year old. However, mouth-to-nose ventilation may be adequate in this population.31 32
Consensus continues to support the emphasis on the provision of more ventilation (breaths per minute) for infants and children and more
compressions per minute for adult victims. Current recommended ventilation rates are based on normal ventilatory rates for age, the need
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for coordination with chest compression, and the perceived practical ability of the rescuer to provide them (See Fig 1 ). Ideal ventilation
frequency during CPR is unknown.

Figure 1. Comparison of resuscitative interventions for newborns, infants, children, and adults. CPR
View larger version (0K): indicates cardiopulmonary resuscitation; EMS, emergency medical services; BLS, basic life support;
[in this window]
and ALS, advanced life support. *Interventions recommended for suitably trained healthcare
providers only.
[in a new window]

Circulation
There is a lack of specific pediatric data on the accuracy and time course for determining pulselessness of victims who are apneic and
unresponsive. Several reports have documented the inability of lay rescuers and healthcare providers to reliably locate or count the pulse
of the victim.33 34 The utility of the pulse check during pediatric CPR has been questioned.35 Furthermore, the pulse check is difficult to
teach to laypersons. It seems reasonable for healthcare providers to search for a pulse because it may be palpated by trained personnel,
does not require sophisticated equipment, and there is no better alternative. However, resuscitative interventions should not be delayed
beyond 10 seconds if a pulse is not confidently detected.
Chest Compression
When to Start

There is consensus that all pulseless patients and patients with heart rates too low to adequately perfuse vital organs warrant chest
compressions. Because cardiac output in infancy and childhood is largely heart-rate dependent, profound bradycardia is usually
considered an indication for cardiac compressions.
Location of Compression

There is consensus for compression over the lower half of the sternum, taking care to avoid compression of the xiphoid.
Depth

Consensus supports recommendation of relative rather than absolute depth of compression (eg, compress approximately one third of the
depth of the chest rather than compress 4 to 5 cm).
Effectiveness of compression should be assessed by the healthcare provider. Methods of assessment include palpation of pulses,
evaluation of end-tidal carbon dioxide, and analysis of arterial pressure waveform (if intra-arterial monitoring is in place). Although it is
recognized that pulses palpated during chest compression may reflect venous rather than arterial blood flow during CPR,36 pulse
detection during CPR for healthcare providers remains the most universally practical "quick assessment" of chest compression efficacy.
Rate

Consensus supports a rate of approximately 100 compressions per minute. With interposed ventilations, this will result in the actual
delivery of <100 compressions to the patient in a 1-minute period.
Compression-to-Ventilation Ratio
Ideal compression-ventilation ratios for infants and children are unknown. A single, universal compression-ventilation ratio for all ages
and both BLS and ALS interventions would be desirable from an educational standpoint. There currently is consensus among
resuscitation councils for a compression-ventilation ratio of 3:1 for newborns and 5:1 for infants and children. The justification for this
difference from adult guidelines includes (1) the fact that respiratory problems are the most common etiology of pediatric arrest and
therefore ventilation should be emphasized, and (2) physiological respiratory rates of infants and children are faster than those of adults.
Although the actual number of delivered interventions is dependent on the amount of time the rescuer spends opening the airway and the
effect of frequent airway repositioning on rescuer fatigue, there is insufficient evidence to justify changing the current recommendations
for educational convenience at this time.
External chest compression must always be accompanied by rescue breathing in children. At the end of every compression cycle a rescue
breath should be given. Interposition of compressions and ventilations is recommended to avoid simultaneous compression/ventilation.
Activation of the EMS System
Ideally the sequence of resuscitation is determined by the etiology of the arrest. In pediatric arrest, dysrhythmias requiring defibrillation
are relatively uncommon, and some data suggest that early bystander CPR is associated with improved survival.9 36 37 However, it is
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impractical to teach the lay public different resuscitation sequences based on arrest etiology. The consensus recommendation is "phone
fast" rather than "phone first" for young victims of cardiac arrest, but the appropriate age cut-off for this recommendation remains to be
determined. Local EMS response intervals and the availability of dispatcher-guided CPR may override these considerations.
Recovery Position
Although many recovery positions are used in the management of pediatric patients, particularly in those emerging from anesthesia, no
specific optimal recovery position can be universally endorsed on the basis of scientific study in children. There is consensus that an ideal
recovery position considers the following: etiology of the arrest and stability of the C-spine, risk for aspiration, attention to pressure
points, ability to monitor adequacy of ventilation and perfusion, maintenance of a patent airway, and access to the patient for
interventions.
Relief of Foreign-Body Airway Obstruction
Consensus supports prompt recognition and treatment of complete airway obstruction. There are three suggested maneuvers to remove
impacted foreign bodies: back blows, chest thrusts, and abdominal thrusts. The sequences differ slightly among resuscitation councils, but
published data do not convincingly support one technique sequence over another. There is consensus that the lack of protection of the
upper abdominal organs by the rib cage renders infants and newborns at risk for iatrogenic trauma from abdominal thrusts; therefore,
abdominal thrusts are not recommended in infants and newborns. An additional practical consideration is that back blows should be
delivered with the victim positioned head down, which may be physically difficult in older children. Suctioning is recommended for
newborns rather than back blows or abdominal thrusts, which are potentially harmful to this age group.
Barrier Equipment
Healthcare professionals should utilize appropriate barrier devices and universal precautions whenever possible. However, issues related
to efficacy of the devices in preventing bacterial or viral transmission, anatomical fit of masks, use of devices in pediatric patients with
increased airway resistance and dead space ventilation, and the actual risk for pediatric disease transmissibility during pediatric
resuscitative interventions are not resolved.

Pediatric ALS
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Automated External Defibrillators in Pediatrics
Purpose
The true prevalence of VF among pediatric victims of cardiopulmonary arrest is unknown. Early
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rhythm assessment for pediatric prehospital arrest is not frequently reported or reliable. In most
Age Definitions: What Defines...
studies, pulseless ventricular tachycardia (VT) or VF has been documented in less than 10% of all
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pediatric arrest victims,6 15 16 17 38 even when the victim was evaluated by first responders within
Guidelines for the Newly...
6.2 minutes of EMS call.7 18 In some studies, VF treated with early defibrillation, both at the
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scene and in the hospital, may result in better survival rates than asystole or electromechanical
Areas of Controversy, Unresolved...
20
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dissociation. However, other studies contradict these data.
The development of automated
Appendix 1
external defibrillators (AEDs) has not yet addressed the energy levels required to treat VT or VF
References
in children or the reliability of these devices in the detection of VT and VF in children. The ageappropriate application of AEDs is assumed to be similar to current guidelines for initial defibrillator placement and energy delivery.
Therefore, the conditions under which early detection and treatment of VF should be emphasized requires further research.
Vascular Access
Vascular access for the arrested victim is needed for the delivery of resuscitative fluids and medications. However, establishment of
adequate ventilation with BLS support of circulation is the first priority. The intravenous or intraosseous route for the delivery of
medications is the preferred route,39 40 41 42 43 but the endotracheal route can be used in circumstances when vascular access is delayed.
It is likely that drug delivery following endotracheal epinephrine administration may be lower than that delivered by the intravascular
approach. Drug doses may need to be increased accordingly, with attention to drug concentration, volume of vehicle, and delivery
technique.44 45 46 47 There is consensus that the tibial intraosseous route is useful for vascular access, particularly for victims up to the
age of 6 years.48 49 In the newly born, the umbilical vein is easy to find and frequently used for urgent vascular access.
Dose of Epinephrine
Consensus supports the initial dose of epinephrine (adrenaline) at 0.01 mg/kg (0.1 mL/kg of the 1:10 000 solution) by an intravascular
route or 0.1 mg/kg (0.1 mL/kg of the 1:1000 solution) by the endotracheal route. Because the outcome of asystolic and pulseless arrest in
children is very poor and a beneficial effect of higher doses of epinephrine has been suggested by some animal studies and a single
retrospective pediatric study,50 51 52 53 54 second and subsequent intravenous doses and all endotracheal doses for unresponsive asystolic
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and pulseless arrest in infants and children should be 0.1 mg/kg (0.1 mL/kg of the 1:1000 solution) as a Class IIa recommendation. If no
return of spontaneous circulation occurs beyond the second dose of epinephrine despite adequate CPR, the outcome is likely to be
dismal.11 17 21 High-dose epinephrine is of special concern for patients with high risk for intracranial hemorrhage, such as the preterm
newborn. Disappointing efficacy of high-dose epinephrine when used in adult study populations55 56 and the potential detrimental effects
of high-dose epinephrine therapy, including the potential for systemic and intracranial hypertension (particularly in the newborn),
myocardial hemorrhage, or necrosis57 58 suggest caution in advocating high-dose epinephrine therapy unless further study is encouraging.
Sequence of Defibrillatory Shocks and Medications for Ventricular Fibrillation
VF and pulseless VT are relatively uncommon in infants and children. Although there are minor differences between the names of the
drugs, dose of second defibrillation, and number of defibrillations between medication doses (see Fig 2 ) based on local availability and
custom, there is general consensus on medication/defibrillation dosage and sequence for VF/pulseless VT. The initial treatment is
defibrillation with 2 J/kg increasing to a maximum of 4 J/kg in a series of three shocks. Subsequent series of up to three shocks following
medication administration is based on local custom and training (ie, first defibrillation up to three times [2 J/kg, 2 to 4 J/kg, 4 J/kg], then
medication with adrenaline/epinephrine and circulation, then defibrillation up to three times [4 J/kg], then repeat adrenaline/epinephrine at
higher dose, then defibrillation up to three times [4 J/kg] and consideration for other medications [lignocaine/lidocaine] and the treatment
of reversible causes) (see universal pediatric template, Figs 3 and 4 ).

Figure 2. Examples of minor differences in recommendations for treatment of
ventricular fibrillation and pulseless ventricular tachycardia between the International
Liaison Committee on Resuscitation (ILCOR), the American Heart Association (AHA),
the Heart and Stroke Foundation of Canada (HSFC), the European Resuscitation
Council (ERC), the Resuscitation Councils of Southern Africa (RCSA), and the
Australian Resuscitation Council (ARC).
View larger version (53K):
[in this window]
[in a new window]

Figure 3. Universal pediatric basic life support (BLS) template for lay rescuers.
**Continue rescue breathing and cardiopulmonary resuscitation as indicated. Activate
emergency medical services as soon as possible, based on local and regional
availability.

View larger version (40K):
[in this window]
[in a new window]
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Figure 4. Universal pediatric template for pediatric healthcare providers. VF indicates
ventricular fibrillation; VT, ventricular tachycardia; defib, defibrillation; CPR,
cardiopulmonary resuscitation; and ECG, electrocardiogram.

View larger version (50K):
[in this window]
[in a new window]

Complications From CPR
Reported complications from appropriately applied resuscitative techniques are rare in infants and children. The prevalence of significant
adverse effects (rib fractures, pneumothorax, pneumoperitoneum, hemorrhage, retinal hemorrhages, etc) from properly performed CPR
appears to be much lower in children than in adults.59 60 61 62 63 64 65 66 In the most recent study,59 despite prolonged CPR by rescuers
with variable resuscitation training skill levels, medically significant complications were documented in only 3% of patients. Therefore,
there is consensus that chest compressions should be provided for children if the pulse is absent or critically slow or if the rescuer is
uncertain if a pulse is present.

Guidelines for the Newly Born
There is a need for international guidelines on BLS for newborns. A review of information from
the US national database, the World Health Organization, and Seattle/King County EMS
systems67 demonstrates the importance of developing an early intervention sequence for the
newly born. In the United States, approximately 1% of births occur in out-of-hospital facilities,
but neonatal mortality is more than double for these children born out of hospital. Worldwide,
more than 5 million newborn deaths occur, with approximately 56% of all births out of facility.
Neonatal mortality is high, with birth asphyxia accounting for 19% of these deaths. These data are
only for mortality; the morbidity from asphyxia and inadequate newborn resuscitation must be
assumed to be much higher. The worldwide potential for lives saved from newborn asphyxia with
simple airway interventions is estimated at more than 900 000 infants per year. Therefore, the
consensus supports guidelines from ILCOR for the newly born as a worthy goal.
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Although the following are intended as preliminary BLS advisory guidelines, the difference between BLS and ALS interventions for the
newly born may be subtle. The development of specific ILCOR advisory guidelines for newborn ALS is beyond the scope of this
document. It is hoped that ILCOR member organizations will address newborn ALS in the near future. In the newborn, because birth can
usually be anticipated, it is often possible to have more personnel and equipment on hand than may be available for unexpected BLS
interventions in older children or adults. Ideally, the mother should give birth in a location with optimum equipment available and
personnel trained in newborn resuscitation. If this is not possible, then certain rudimentary equipment should be available at the birthsite
or should be brought to the birth attendant. Such equipment might include the following:
Bag-valve–mask ventilation device of appropriate size for the newborn
Suction device
Warm, dry towels and blanket
Clean (sterile, if possible) instrument for cutting the umbilical cord
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Clean rubber gloves for the attendant
Most newly born infants will breathe spontaneously (usually manifested by a cry) within seconds after birth. During this time, an
attendant should dry the newborn with a warm towel and remove wet linen to reduce heat loss. If the baby is limp and not crying,
immediate resuscitation is required.
BLS for the Newly Born
(See Fig 5 , universal newborn template)

Figure 5. Universal newborn (newly born) template. *Advanced life support
interventions recommended for suitably trained healthcare providers only: pulse check,
chest compressions, endotracheal suction and intubation, vascular access, and
epinephrine administration.

View larger version (75K):
[in this window]
[in a new window]

1. Stimulate and check responsiveness.
a. Stimulation is best provided by drying the newborn with a towel and flicking the soles of the feet. Slapping, shaking, spanking, or
holding the newborn upside down is contraindicated and potentially dangerous.
b. Assess for a cry: A cry is the most common confirmation of adequate initial ventilation. If present, further resuscitative efforts are
probably not indicated.
c. Assess for regular respirations: Although the respiratory pattern may be irregular, respirations should be sufficient to result in adequate
oxygenation (ie, absence of persistent central cyanosis). Occasional "gasping," without normal breaths interspersed, is generally
indicative of severe compromise and should be treated as inadequate respiration. If poor response, call or send for additional assistance.
2. Open airway.
a. Clear the airway of material, particularly if blood or meconium is present. This has special importance in the newborn because of the
narrow airway, which creates high resistance to gas flow. Clearing the airway will also provide additional respiratory stimulation.
Clearing of secretions should be accomplished with a suction device (bulb syringe, suction catheter); otherwise, removal of secretions
may be accomplished with a cloth wrapped around the rescuer's finger.
b. Position the head to the "sniffing" position and particularly avoid excessive neck flexion or hyperextension, which may result in airway
obstruction.
c. If a suitably trained provider and equipment are available: if the newly born is stained with thick meconium, the trachea should be
suctioned as the initial resuscitative step. This is accomplished by intubating the trachea, applying suction directly to the tube using any of
a variety of devices available for this purpose, and withdrawing the tube as suction is continued. If meconium is recovered, it may be
necessary to repeat this procedure several times until the residual is sufficiently thin to permit suctioning through the tube using a
standard suction catheter.
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3. Check breathing.
a. Assess for presence of a cry. If a strong cry is present, further resuscitation efforts are not indicated. If the cry is weak or absent: look,
listen, and feel for air entry and chest movement and feel for evidence of spontaneous respiration.
b. If respirations are absent or inadequate (gasping), assisted ventilation is necessary. Further attempts to stimulate the newborn in this
case will waste valuable time.
4. Breathe.
a. Although it is recognized that a bag-valve mask is the most effective piece of equipment for assisting ventilation, various other devices
are available or are being developed. Use will be dictated by local availability, cost, and custom.
b. If a resuscitation device is not available, consider using mouth to mouth-and-nose to assist ventilation. Although some controversy
exists about whether a mother's mouth can effectively seal her older infant's mouth and nose,31 32 consensus supports initial attempts at
newborn ventilation via both the infant's mouth and nose. Because of the presence of maternal blood and other body fluids on the face of
the newborn, there is a perceived risk of infection to the rescuer. Quickly wipe away as much of this material as possible before
attempting mouth to mouth-and-nose ventilation.
c. Blow sufficient air into the newborn airway to cause the chest to rise visibly.
d. Watch for chest rise as an indication of ventilation efficacy. If inadequate, adjust head position, clear airway, achieve a seal over the
mouth and nose on the face, and consider an increase in inflation pressure.
e. Ventilate at a rate of approximately 30 to 60 times per minute.
f. Note that initial breaths may require a higher inflating pressure to overcome the resistance in small and fluid-filled airways.
5. Assess response.
a. After assisting ventilation for 30 seconds to 1 minute, check again for response. If still no response, deliver breaths, watching closely
for adequate chest rise with each delivered breath.
b. In addition to the presence of a cry and spontaneous respirations, the response may also be assessed by feeling for a pulse, although this
may be difficult in the newborn and should not distract the rescuer from providing adequate ventilations. A pulse may be detectable by
feeling the base of the umbilical cord and should be >100 beats per minute (bpm).
c. Continue to ventilate and assess (return to step 2) until there is either an adequate response (crying, breathing, and heart rate >100
bpm), or additional medical assistance has arrived. If effective spontaneous respirations resume, consider positioning the newborn on its
side in a recovery position.
6. Compress chest.
a. Laypersons: Chest compressions in the newborn are not recommended for administration by persons untrained in neonatal
resuscitation, particularly when rescue is being provided by a single individual. Ventilation is nearly always the primary need of the
newly born, and administration of chest compressions may decrease the efficacy of assisted ventilation.68
b. Trained healthcare providers: If suitably trained healthcare providers are available and adequate ventilations have not resulted in
improvement, the following steps should be taken:
1. Feel for a pulse. In the newborn, a pulse is most easily palpated by lightly grasping the base of the umbilical cord between the thumb
and index finger. If a stethoscope is available, a heartbeat may be detected by auscultating the chest.
2. Assess the heart rate for up to 10 seconds. If the heart rate is <60 bpm and not clearly rising, begin chest compressions. If the heart rate
is >60 and rising, consider continuing effective ventilations alone and reassess the heart rate in 60 seconds.
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3. Chest compressions for the newborn are delivered in series of three, followed by a pause for delivery of a ventilation (ratio: 3
compressions and 1 ventilation per cycle). The rate should be approximately 120 "events" (ie, -c-c-c-v-c-c-c-v-) per minute.
4. Reassess the heart rate approximately every 60 seconds, until the heart rate improves to >60 to 80 bpm or ALS resources are available
for oxygen supplementation, endotracheal intubation, and administration of epinephrine.
7. Other newborn issues
a. Temperature control: In addition to drying the newborn to decrease evaporative heat loss, drape the baby in dry towels or a blanket
during the resuscitation process. Remove the newborn from wet surfaces or pools of fluid. As soon as resuscitation has been successful,
place the baby skin-to-skin on the mother's chest/breast and cover both with a blanket.
b. Infection control: Wash hands and wear gloves, using universal precautions for secretion contact, if available. Use clean towels,
blankets, and instruments and avoid rescuer exposure to blood and other fluids.
c. Umbilical cord: It is not necessary to cut the umbilical cord before resuscitation of the newborn. The umbilical cord can be cut after the
baby is spontaneously breathing and the cord has stopped pulsating. The cutting instrument and cord ties should be sterilized, if possible.
These may be sterilized by boiling in water for 20 minutes. A new packaged razor blade does not require sterilization. If sterile equipment
is not available, clean equipment should be used. Tie the cord in two places with a string. Cut the cord between the ties with a razor blade,
scissors, or knife.
d. Do not forget the mother. Watch for and attend to potential complications of childbirth. Excessive vaginal bleeding, seizures, and
infection are the most common maternal complications of childbirth. Arrange for healthcare provider support to attend to mother and
child, if possible.

Research
The paucity of pediatric and newborn clinical resuscitation outcome data makes scientific
justification of recommendations difficult. Therefore, the development of prospective, pediatricspecific clinical studies and the development of laboratory and animal resuscitation models that
specifically address pediatric and neonatal issues is of paramount importance. Collection of data
should follow the pediatric Utstein-style guidelines.24 69 Specific data on the etiology of arrest,
success of interventions, frequency and severity of complications, significant short- and longterm neurological and overall performance outcomes, educational value, and costs associated with
resuscitation techniques are urgently needed.

Top
Purpose
Background
Age Definitions: What Defines...
Pediatric BLS
Pediatric ALS
Guidelines for the Newly...
Research
Areas of Controversy, Unresolved...
Appendix 1
References

Areas of Controversy, Unresolved Issues, and Need for Additional
Research
The ILCOR pediatric working group recognizes the difficulty in creating advisory statements for
universal application. After careful review of the rationale for current guidelines that exist in
North America, Europe, Australia, and Southern Africa, the working group identified the areas of
controversy where it was thought the greatest need for research exists before evolution to
universal guidelines can occur.
Some of these areas are listed below.
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1. Should initial resuscitation interventions and sequences be based on etiology of arrest or the
likelihood of successfully resuscitating a presenting cardiac rhythm (eg, etiology:
hypoxia/asystole most likely for children but VF treated with defibrillation most likely to have successful resuscitation)?
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2. What is the prevalence of VF during or following resuscitation?
3. What number of breaths should be initially attempted after opening the airway? (AHA/Heart and Stroke Foundation of Canada: 2
breaths; European Resuscitation Council: 5 breaths; Australian Resuscitation Council: 4 breaths; Resuscitation Councils of Southern
Africa: 2 breaths; ILCOR: 2 to 5 breaths.)
4. Is adult mouth to infant nose ventilation a better method than adult mouth to infant mouth-and-nose ventilation for newborns and/or
infants?
5. What sequence of interventions for the conscious choking child is most appropriate: back blows versus abdominal thrusts versus chest
thrusts, and should visual inspection of the mouth for foreign body precede attempts at ventilation in infants?
6. What is an optimal recovery position for infants and children?
7. At what heart rate should chest compressions be initiated in ALS: when the pulse is absent or "too slow"? (Currently: AHA/Heart and
Stroke Foundation of Canada: <60 bpm; European Resuscitation Council: <60 bpm; Australian Resuscitation Council: 40 to 60 bpm;
Resuscitation Councils of Southern Africa: <60 bpm; ILCOR: <60 bpm.)
8. What is the optimal depth for chest compressions? (One third to one half depth of chest or a specified number of inches or centimeters.
ILCOR: Approximately one third the depth of the chest.)
9. What is an optimal compression-ventilation ratio for different age groups, and can a universal compression-ventilation ratio be adopted
that accommodates all victims from newborn to adult?
10. What is the appropriate dose of epinephrine? (ILCOR: First dose of adrenaline/epinephrine, 0.01 mg/kg, subsequent doses, 0.1
mg/kg.)
11. What defibrillation dose and how many defibrillation shocks should be delivered after medication for VF in children? (ILCOR: 2 J/kg,
2 to 4 J/kg, 4 J/kg; 1 to 3 shocks at 4 J/kg after medications.)
12. Should alternative medications (eg, lidocaine/lignocaine) be used for persistent VF if defibrillation and initial epinephrine dose are not
successful?
13. Can AEDs accurately and reliably be used for pediatric patients?
14. What is the role of alkalyzing agents in the arrested patient who is suspected of having severe acidosis?
15. What is the role of transcutaneous (external) pacing in the resuscitation of pediatric patients without an organized cardiac rhythm?
16. What sequence of interventions should be employed by advanced healthcare providers for the newborn?
17. What is the effect of implementing ILCOR guidelines on arrest prevention, resuscitation rates, and neurological outcomes from
cardiopulmonary arrest in newborns, infants, and children?
The epidemiology and outcome of pediatric cardiopulmonary arrest and the priorities, techniques, and sequence of pediatric resuscitation
assessments and interventions differ from those of adults. The pediatric working group was surprised by the degree of conformity already
existing in current guidelines advocated by the American Heart Association, the Heart and Stroke Foundation of Canada, the European
Resuscitation Council, the Australian Resuscitation Council, and the Resuscitation Councils of Southern Africa. Differences are currently
based upon local and regional preferences, training networks, and customs rather than scientific controversy. The pediatric
algorithm/decision tree figures presented attempt to follow a common flow of assessments and interventions in coordination with their
counterparts for adults.
Survival following pediatric prehospital cardiopulmonary arrest averages only approximately 3% to 17%, and survivors are often
neurologically devastated. Most pediatric resuscitation reports have been retrospective in design and plagued with inconsistent
resuscitation definitions and patient inclusion criteria. Careful and thoughtful application of uniform guidelines for reporting outcomes of
ALS interventions using large, randomized multicenter and multinational clinical trials are clearly needed. Pediatric advisory statements
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from ILCOR will, by necessity, be a vibrant and evolving guideline fostered by national and international organizations intent on
improving the outcome of resuscitation for infants and children worldwide.
Correspondence should be sent to Vinay Nadkarni, MD, Department of Anesthesia and Critical Care, DuPont Hospital for Children,
1600 Rockland Rd, P.O. Box 269, Wilmington, DE 19899 USA. Telephone 302-651-5159. Fax 302-651-6410. E-mail:
vnadkar@aidi.nemours.org

Footnotes
1

American Heart Association

2

European Resuscitation Council

3

American Heart Association and American Academy of Pediatrics

4

Resuscitation Councils of Southern Africa

5

Australian Resuscitation Council.

`Pediatric Resuscitation' was approved by the American Heart Association Science Advisory and Coordinating Committee in February
1997.
A single reprint is available by calling 800-242-8721 (US only) or writing the American Heart Association, Public Information, 7272
Greenville Avenue, Dallas, TX 75231-4596. Ask for reprint No. 71-0110. To purchase additional reprints: up to 999 copies, call 800-6116083 (US only) or fax 413-665-2671; 1000 or more copies, call 214-706-1466, fax 214-691-6342, or . To make photocopies for personal
or educational use, call the Copyright Clearance Center, 508-750-8400.

Appendix 1
Pediatric ILCOR Participants
Robert Bingham, MD (European Resuscitation Council [ERC]); Jon Bland, MD (ERC); David
Burchfield, MD (AHA/American Academy of Pediatrics [AAP]); Leon Chameides, MD (AHA);
Mary Fran Hazinski, MSN, RN (AHA); John Kattwinkel, MD (AHA/AAP); Efraim Kramer, MD
(Resuscitation Councils of Southern Africa); Vinay Nadkarni, MD (AHA); Linda Quan, MD
(AHA); F.G. Stoddard, PhD (AHA); James Tiballs, MD (Australian Resuscitation Council);
Patrick Van Rempst, MD (ERC); Arno Zaritsky, MD (AHA); David Zideman, MD (ERC); and
Jelka Zupan, MD (World Health Organization).

Top
Purpose
Background
Age Definitions: What Defines...
Pediatric BLS
Pediatric ALS
Guidelines for the Newly...
Research
Areas of Controversy, Unresolved...
Appendix 1
References

References
1. Emergency Cardiac Care Committee and subcommittees of the American Heart
Association. Guidelines for cardiopulmonary resuscitation and emergency cardiac care.
JAMA. 1992;268:2171-2302.[Medline]
2. Pediatric Life Support Working Party of the European Resuscitation Council. Guidelines
for pediatric life support. BMJ. 1994;308:1349-1355.[Free Full Text]
3. Advanced Life Support Committee of the Australian Resuscitation Council. Pediatric
advanced life support: the Australian Resuscitation Council guidelines. Med J Aust.
1996;165:199-201, 204-206.[Medline]
4. Roy RN, Bethera FR. The Melbourne chart: a logical guide to neonatal resuscitation.
http://circ.ahajournals.org/cgi/content/full/95/8/2185 (12 of 16) [9/29/2003 2:16:55 PM]

Top
Purpose
Background
Age Definitions: What Defines...
Pediatric BLS
Pediatric ALS
Guidelines for the Newly...
Research
Areas of Controversy, Unresolved...
Appendix 1
References

Circulation -- Nadkarni et al. 95 (8): 2185

Anaesth Intensive Care. 1990;18:348-357.[Medline]
5. Kloeck WGJ. Resuscitation Council of Southern Africa guidelines: new recommendations for basic life support in adults, children
and infants; obstructed airway in adults, children and infants; advanced life support for adults and children. Trauma Emerg Med.
1993;10:738-771.
6. Appleton GO, Cummins RO, Larson MP, Graves JR. CPR and the single rescuer: at what age should you `call first' rather than
`call fast'? Ann Emerg Med. 1995;25:492-494.[Medline]
7. Mogayzel C, Quan L, Graves JR, Tiedeman D, Fahrenbruch C, Herndon P. Out-of-hospital ventricular fibrillation in children and
adolescents: causes and outcomes. Ann Emerg Med. 1995;25:484-491.[Medline]
8. Hazinski MF. Is pediatric resuscitation unique? Relative merits of early CPR and ventilation versus early defibrillation for young
victims of prehospital cardiac arrest. Ann Emerg Med. 1995;25:540-543.[Medline]
9. Hickey RW, Cohen DM, Strausbaugh S, Dietrich AM. Pediatric patients requiring CPR in the prehospital setting. Ann Emerg
Med. 1995;25:495-501.[Medline]
10. Innes PA, Summers CA, Boyd IM, Molyneaux EM. Audit of paediatric cardiopulmonary resuscitation. Arch Dis Child.
1993;68:487-491.[Abstract]
11. Zaritsky A, Nadkarni V, Getson P, Kuehl K. CPR in children. Ann Emerg Med. 1987;16:1107-1111.[Medline]
12. Teach SJ, Moore PE, Fleisher GR. Death and resuscitation in the pediatric emergency department. Ann Emerg Med. 1995;25:799803.[Medline]
13. Thompson JE, Bonner B, Lower GM Jr. Pediatric cardiopulmonary arrests in rural populations. Pediatrics. 1990;86:302306.[Abstract]
14. Tunstall-Pedoe H, Bailey L, Chamberlain DA, Marsden AK, Ward ME, Zideman DA. Survey of 3765 cardiopulmonary
resuscitations in British hospitals (the BRESUS Study): methods and overall results. BMJ. 1992;304:1347-1351.[Medline]
15. Eisenberg M, Bergner L, Hallstrom A. Epidemiology of cardiac arrest and resuscitation in children. Ann Emerg Med. 1983;12:672674.[Medline]
16. Walsh CK, Krongrad E. Terminal cardiac electrical activity in pediatric patients. Am J Cardiol. 1983;51:557-561.[Medline]
17. Dieckmann RA, Vardis R. High-dose epinephrine in pediatric out-of-hospital cardiopulmonary arrest. Pediatrics. 1995;95:901913.[Abstract]
18. Losek JD, Hennes H, Glaeser PW, Smith DS, Hendley G. Prehospital countershock treatment of pediatric asystole. Am J Emerg
Med. 1989;7:571-575.[Medline]
19. Ronco R, King W, Donley DK, Tilden SJ. Outcome and cost at a children's hospital following resuscitation for out-of-hospital
cardiopulmonary arrest. Arch Pediatr Adolesc Med. 1995;149:210-214.[Abstract]
20. Friesen RM, Duncan P, Tweed WA, Bristow G. Appraisal of pediatric cardiopulmonary resuscitation. Can Med Assoc J.
1982;126:1055-1058.[Abstract]
21. Schindler MB, Bohn D, Cox PN, McCrindle BW, Jarvis A, Edmonds J, Barker G. Outcome of out-of-hospital cardiac or
respiratory arrest in children. N Engl J Med.. 1996;335:1473-1479.[Abstract/Free Full Text]
22. O'Rourke PP. Outcome of children who are apneic and pulseless in the emergency room. Crit Care Med. 1986;14:466468.[Medline]
23. Torphy DE, Minter MG, Thompson BM. Cardiorespiratory arrest and resuscitation of children. AJDC. 1984;138:10991102.[Medline]
24. Zaritsky A, Nadkarni V, Hazinski MF, Foltin G, Quan L, Wright L, Fiser D, Zideman D, O'Malley P, Chameides L, Cummins
RO, and the Pediatric Utstein Consensus Panel. Recommended guidelines for uniform reporting of pediatric advanced life support:
the pediatric Utstein style. Circulation. 1995;92:2006-2020.[Free Full Text]
25. Nichols DG, Kettrick RG, Swedlow DB, Lee S, Passman R, Ludwig S. Factors influencing outcome of cardiopulmonary
resuscitation in children. Pediatr Emerg Care. 1986;2:1-5.[Medline]
26. Barzilay Z, Somekh E, Sagy M, Boichis H. Pediatric cardiopulmonary resuscitation outcome. J Med. 1988;19:229-241.[Medline]
27. Ruben HM, Elam JO, Ruben AM, Greene DG. Investigation of upper airway problems in resuscitation, I: studies of pharyngeal xrays and performance by laymen. Anesthesiology. 1961;22:271-279.
28. Melker RJ. Asynchronous and other alternative methods of ventilation during CPR. Ann Emerg Med. 1984;13:758-761.[Medline]
29. Melker RJ, Banner MJ. Ventilation during CPR: two-rescuer standards reappraised. Ann Emerg Med. 1985;14:397-402.[Medline]
30. Bowman FP, Menegazzi JJ, Check BD, Duckett TM. Lower esophageal sphincter pressure during prolonged cardiac arrest and
resuscitation. Ann Emerg Med. 1995;26:216-219.[Medline]
31. Tonkin SL, Davis SL, Gunn TR. Nasal route for infant resuscitation by mothers. Lancet. 1995;345:1353-1354.[Medline]
32. Segedin E, Torrie J, Anderson B. Nasal airway versus oral route for infant resuscitation. Lancet. 1995;346:382. Letter.[Medline]
33. Mather C, O'Kelly S. The palpation of pulses. Anaesthesia. 1996;51:189-191.[Medline]
34. Brearley S, Shearman CP, Simms MH. Peripheral pulse palpation: an unreliable physical sign. Ann R Coll Surg Engl. 1992;74:169172.[Medline]
35. Connick M, Berg RA. Femoral venous pulsations during open-heart cardiac massage. Ann Emerg Med.. 1994;24:11761179.[Medline]
36. Berg RA, Kern KB, Sanders AB, Otto CW, Hilwig RW, Ewy GA. Bystander cardiopulmonary resuscitation: is ventilation
http://circ.ahajournals.org/cgi/content/full/95/8/2185 (13 of 16) [9/29/2003 2:16:55 PM]

Circulation -- Nadkarni et al. 95 (8): 2185

necessary? Circulation. 1993;88:1907-1915.[Abstract]
37. Kyriacou DN, Arcinue EL, Peek C, Kraus JF. Effect of immediate resuscitation on children with submersion injury. Pediatrics.
1994;94:2:137-142.
38. Gillis J, Dickson D, Rieder M, Steward D, Edmonds J. Results of inpatient pediatric resuscitation. Crit Care Med. 1986;14:469471.[Medline]
39. Kissoon N, Peterson R, Murphy S, Gayle M, Ceithaml E, Harwood-Nuss A. Comparison of pH and carbon dioxide tension values
of central venous and intraosseous blood during changes in cardiac output. Crit Care Med. 1994;22:1010-1015.[Medline]
40. Kissoon N, Rosenberg H, Gloor J, Vidal R. Comparison of the acid-base status of blood obtained from intraosseous and central
venous sites during steady- and low-flow states. Crit Care Med. 1993;21:1765-1769.[Medline]
41. Warren DW, Kissoon N, Sommerauer J, Rieder MJ. Comparison of fluid infusion rates among peripheral intravenous and
humerus, femur, malleolus, and tibial intraosseous sites in normovolemic and hypovolemic piglets. Ann Emerg Med. 1993;22:183186.[Medline]
42. Andropoulos DB, Soifer SJ, Schreiber MD. Plasma epinephrine concentrations after intraosseous and central venous injection
during cardiopulmonary resuscitation in the lamb. J Pediatr. 1990;116:312-315.[Medline]
43. Emerman CL, Pinchak AC, Hancock D, Hagen JF. Effect of injection site on circulation times during cardiac arrest. Crit Care
Med. 1988;16:1138-1141.[Medline]
44. Mazkereth R, Paret G, Ezra D, Aviner S, Peleg E, Rosenthal T, Barzilay Z. Epinephrine blood concentrations after peripheral
bronchial versus endotracheal administration of epinephrine in dogs. Crit Care Med. 1992;20:1582-1587.[Medline]
45. Jasani M, Nadkarni V, Finkelstein M, Mandell G, Salzman S, Norman M. Effects of different techniques of endotracheal
epinephrine administration in pediatric porcine hypoxic-hypercarbic cardiopulmonary arrest. Crit Care Med. 1994;22:11741180.[Medline]
46. Quinton DN, O'Byrne G, Aitkenhead AR. Comparison of endotracheal and peripheral intravenous adrenaline in cardiac arrest: is
the endotracheal route reliable? Lancet. 1987;1:828-829.[Medline]
47. Roberts JR, Greenberg MI, Knaub MA, Baskin SI. Comparison of the pharmacological effects of epinephrine administered by the
intravenous and endotracheal routes. JACEP. 1978;7:260-264.[Medline]
48. Fiser DH. Intraosseous infusion. N Engl J Med. 1990;322:1579-1581.[Medline]
49. Rosetti VA, Thompson BM, Miller J, Mateer JR, Aprahamian C. Intraosseous infusion: an alternative route of pediatric
intravascular access. Ann Emerg Med. 1985;14:885-888.[Medline]
50. Brown CG, Werman HA. Adrenergic agonists during cardiopulmonary resuscitation. Resuscitation. 1990;19:1-16.[Medline]
51. Goetting MG, Paradis NA. High-dose epinephrine improves outcome from pediatric cardiac arrest. Ann Emerg Med. 1991;20:2226.[Medline]
52. Berkowitz ID, Gervais H, Schleien C, Koehler RC, Dean JM, Traystman RJ. Epinephrine dosage effects on cerebral and
myocardial blood flow in an infant swine model of cardiopulmonary resuscitation. Anesthesiology. 1991;75:6:1041-1050.
53. Callaham M, Madsen CD, Barton CW, Saunders CE, Pointer J. A randomized clinical trial of high-dose epinephrine and
norepinephrine vs standard-dose epinephrine in prehospital cardiac arrest. JAMA. 1992;268:2667-2672.[Abstract]
54. Patterson M, Boenning D, Klein B. High dose epinephrine in pediatric cardiopulmonary arrest. Pediatr Emerg Care. 1994;10:310.
55. Stiell IG, Hebert PC, Weitzman BN, Wells GA, Raman S, Stark RM, Higginson LA, Ahuja J, Dickinson GE. High-dose
epinephrine in adult cardiac arrest. N Engl J Med. 1992;327:1045-1050.[Abstract]
56. Brown CG, Martin D, Pepe P, Stueven H, Cummins R, Gonzalez E, Jastremski M, and the Multicenter High-Dose Epinephrine
Study Group. A comparison of standard-dose and high-dose epinephrine in cardiac arrest outside the hospital. N Engl J Med.
1992;327:1051-1055.[Abstract]
57. Berg RA, Otto CW, Kern KB, Hilwig RW, Sanders AB, Henry CP, Ewy GA. A randomized, blinded trial of high-dose
epinephrine versus standard-dose epinephrine in a swine model of pediatric asphyxial cardiac arrest. Crit Care Med. 1996;24:16951700.[Medline]
58. Callaham M. High-dose epinephrine in cardiac arrest. West J Med. 1991;155:289-290.
59. Bush CM, Jones JS, Cohle SD, Johnson H. Pediatric injuries from cardiopulmonary resuscitation. Ann Emerg Med. 1996;28:4044.[Medline]
60. Spevak MR, Kleinman PK, Belanger PL, Primack C, Richmond JM. Cardiopulmonary resuscitation and rib fractures in infants: a
postmortem radiologic-pathologic study. JAMA. 1994;272:8:617-618.[Medline]
61. Kaplan JA, Fossum RM. Patterns of facial resuscitation injury in infancy. Am J Forensic Med Pathol. 1994;15:187-191.[Medline]
62. Feldman KW, Brewer DK. Child abuse, cardiopulmonary resuscitation and rib fractures. Pediatrics. 1984;73:339-342.[Abstract]
63. Nagel EL, Fine EG, Krischer JP, Davis JH. Complications of CPR. Crit Care Med. 1981;9:424.[Medline]
64. Powner DJ, Holcombe PA, Mello LA. Cardiopulmonary resuscitation-related injuries. Crit Care Med. 1984;12:54-55.[Medline]
65. Parke T. Unexplained pneumoperitoneum in association with basic cardiopulmonary resuscitation efforts. Resuscitation.
1993;26:177-181.[Medline]
66. Kramer K, Goldstein B. Retinal hemorrhages following cardiopulmonary resuscitation. Clin Pediatr (Phila). 1993;32:366368.[Medline]
67. Perlman JM, Risser R. Cardiopulmonary resuscitation in the delivery room. Arch Pediatr Adolesc Med.. 1995;149:20-

http://circ.ahajournals.org/cgi/content/full/95/8/2185 (14 of 16) [9/29/2003 2:16:55 PM]

Circulation -- Nadkarni et al. 95 (8): 2185

25.[Abstract]
68. Dean JM, Koehler RC, Schleien CL, Michael JR, Chantarojanasiri T, Rogers MC, Traystman RJ. Age-related changes in chest
geometry during cardiopulmonary resuscitation. J Appl Physiol. 1987;62:2212-2219.[Abstract/Free Full Text]
69. Becker BL, Idris AH. Proceedings of the Second Chicago Symposium on advances in CPR research and guidelines for laboratory
research: foreword. Ann Emerg Med. 1996;27:539-541.[Medline]

This article has been cited by other articles:
V. D. Mayr, V. Wenzel, W. G. Voelckel, A. C. Krismer, T. Mueller, K. G. Lurie, and
K. H. Lindner
Developing a Vasopressor Combination in a Pig Model of Adult Asphyxial
Cardiac Arrest
Circulation, October 2, 2001; 104(14): 1651 - 1656.
[Abstract] [Full Text] [PDF]

J. F. Rhodes, A. D. Blaufox, H. S. Seiden, J. D. Asnes, R. P. Gross, J. P. Rhodes,
R. B. Griepp, and A. F. Rossi
Cardiac Arrest in Infants After Congenital Heart Surgery
Circulation, November 9, 1999; 100(90002): II-194 - 199.
[Abstract] [Full Text] [PDF]

C. A. Dembofsky, E. Gibson, V. Nadkarni, S. Rubin, and J. S. Greenspan
Assessment of Infant Cardiopulmonary Resuscitation Rescue Breathing
Technique: Relationship of Infant and Caregiver Facial Measurements
Pediatrics, February 1, 1999; 103(2): 17e - 17.
[Abstract] [Full Text]

J. Kattwinkel, S. Niermeyer, V. Nadkarni, J. Tibballs, B. Phillips, D. Zideman, P.
Van Reempts, and M. Osmond
An Advisory Statement From the Pediatric Working Group of the
International Liaison Committee on Resuscitation
Pediatrics, April 1, 1999; 103(4): 56e - 56.
[Abstract] [Full Text]

J. Kattwinkel, S. Niermeyer, V. Nadkarni, J. Tibballs, B. Phillips, D. Zideman, P.
Van Reempts, and M. Osmond
ILCOR Advisory Statement: Resuscitation of the Newly Born Infant : An
Advisory Statement From the Pediatric Working Group of the
International Liaison Committee on Resuscitation
Circulation, April 13, 1999; 99(14): 1927 - 1938.
[Full Text] [PDF]

http://circ.ahajournals.org/cgi/content/full/95/8/2185 (15 of 16) [9/29/2003 2:16:55 PM]

Circulation -- Nadkarni et al. 95 (8): 2185 Figure 1

Institution: AHA National Center Sign In as Member/Individual (Non-Member) Subscription Activation

[HELP with high resolution image viewing] [Return to Article]

Figure 1. Comparison of resuscitative interventions for newborns, infants, children, and adults. CPR indicates cardiopulmonary
resuscitation; EMS, emergency medical services; BLS, basic life support; and ALS, advanced life support. *Interventions recommended
for suitably trained healthcare providers only.
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Figure 2. Examples of minor differences in recommendations for treatment of ventricular fibrillation and pulseless ventricular
tachycardia between the International Liaison Committee on Resuscitation (ILCOR), the American Heart Association (AHA), the Heart
and Stroke Foundation of Canada (HSFC), the European Resuscitation Council (ERC), the Resuscitation Councils of Southern Africa
(RCSA), and the Australian Resuscitation Council (ARC).
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Figure 3. Universal pediatric basic life support (BLS) template for lay rescuers. **Continue rescue breathing and cardiopulmonary
resuscitation as indicated. Activate emergency medical services as soon as possible, based on local and regional availability.
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Figure 4. Universal pediatric template for pediatric healthcare providers. VF indicates ventricular fibrillation; VT, ventricular
tachycardia; defib, defibrillation; CPR, cardiopulmonary resuscitation; and ECG, electrocardiogram.
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Figure 5. Universal newborn (newly born) template. *Advanced life support interventions recommended for suitably trained healthcare
providers only: pulse check, chest compressions, endotracheal suction and intubation, vascular access, and epinephrine administration.
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