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INTRODUCTION
It is an honor for me to present this lecture in the context of the Second Virtual Congress of Cardiology.
In spite of the important advances in Pediatrics in the last 20 years, our country still shows high rates of
children and neonatal mortality since in many places children are born in areas and services where the
necessary resources to have an appropriate attention do not exist and where the staff has not received the
necessary training for neonatal resuscitation.
Not so long ago neonatology emerged as a pediatrics subspecialty when it was understood that the
newly born infant had characteristics that made him different from the pediatric patient. Up to then, the
presence of special staff trained in neonatal resuscitation in the delivery room had not been a necessity.
Even today in many places of the interior regions of our country and in the rest of Latin America, the
presence of the neonatologist at childbirth is not constant.
However, in the last years, different educational programs of resuscitation have been implemented in
Argentina, mainly sponsored by the Pediatrics Argentine Society which together with the neonatal
intensive therapy development have contributed to the decrease of infantile mortality in our country.
In the year 2000 the national guides for neonatal resuscitation, which appeared in the context of the
Resuscitation International Congress, were published. These guides updated the last recommendations
published in the year '92.
As a result of this updating process based on the actual evidence evaluation, new recommendations have
come out
So, having emphasized the importance of educational programs in neonatal resuscitation and the great
impact they have in the infantile health of our country, it is a pleasure for me to introduce Dr. Susan
Niermeyer's lecture entitled: "Does Neonatal Deserve a Special Chapter?"
Dr. Niermeyer is Associated Professor in Pediatrics of the Health Science University and neonatologist of
the Neonatologist Section of the Children's Hospital from Denver, Colorado.
At present, she is a Visiting Research Scientist at the Bolivian Institute of the Altitude Biology.
Her main scientific interest has been based, among other topics, in the cardiopulmonary physiology in
the altitude in milk-fed babies and children, altitude adaptation and neonatal resuscitation.
She is, at present, one of the most important authorities in this topic and among the professionals who
have contributed to her education and diffusion.
Dr. Niermeyer is member of the neonatal resuscitation program of the American Academy of Pediatrics
and the American Heart Association.

Not only has she discoursed upon the topic in important national and international. Congresses but she
has also published several articles in prestigious international magazines about topics referred to the
neonatal resuscitation.
Her latest contribution has been her active participation in the writing of the new International Guides
for the Neonatal Resuscitation.
DRA. M. T. MAZZUCCHELLI

BACKGROUND/OVERVIEW
Neonatal resuscitation has developed into a distinct sub-discipline of pediatric resuscitation, which itself
stands apart from adult cardiopulmonary resuscitation. What justifies this separate and special status?
Does neonatal resuscitation, in fact, deserve a special chapter? This lecture will present the unique facets
of physiology and pathophysiology in the newly born infant that necessitate an approach to resuscitation
different from any other time in the lifespan. Using this physiology as a basis, the specific steps in
neonatal resuscitation will be examined for their differences from the general pediatric recommendations.
Changes in the International Guidelines for Neonatal Resuscitation published in 2000 will be presented in
the context of the supporting evidence evaluation. Future directions for neonatal resuscitation will be
examined with respect to the basic science of resuscitation, clinical applications, and the unique
opportunities for prevention and prenatal intervention.
The physiology of the newly born infant differs from that at any other point in the lifespan of a human
being. The newly born infant must make a rapid transition from reliance on the placenta as the organ of
respiration to use of the lungs for oxygenation and ventilation. Within a matter of seconds, the alveoli
change from sacs distended with fluid to air-filled spaces where gas exchange occurs between the
atmosphere and the blood. During fetal life, pulmonary blood flow represents only a small fraction of
cardiac output, as much of the fetal venous return is shunted through the foramen ovale (from the right to
the left heart) and ductus arteriosus (from the pulmonary artery to the aorta) [ Figure 1 ]. Pulmonary blood
flow rises dramatically after birth as the lungs expand physically with air. Both physical expansion of the
lung and the vasodilatory effect of higher oxygen concentrations in the alveoli and the bloodstream
contribute to a relaxation of pulmonary arteries and arterioles and a fall in pulmonary vascular resistance
and pulmonary artery pressure. With lowering of right-sided pressures, the fetal shunts at the level of the
foramen ovale and ductus arteriosus close functionally, and then anatomically.

Figure 1. The fetal pattern of circulation is characterized by right-to-left shunts at
the level of the patent foramen ovale and the ductus arteriosus. These shunts
close after birth with successful transition to the neonatal circulatory pattern.
(Kattwinkel J (ed). Textbook of Neonatal Resuscitation, 4 th Edition. American Heart
Association, American Academy of Pediatrics. Elk Grove Village, IL. 2000, p. 1-4.
Copyright American Academy of Pediatrics. Used with permission.)

What happens when this rapid and complex series of changes fails to occur? Consider the newly born
infant who fails to initiate spontaneous respirations. Such an infant fails to expand the lungs with air and
fails to initiate gas exchange. Consider the infant who has experienced fetal distress. The fetus under
stress may pass meconium into the amniotic fluid, and under conditions of severe prenatal acidosis, may
experience fetal gasping which draws meconium-stained amniotic fluid into the airways. This infant may be
born with airway obstruction, inflammation at the level of the air spaces, and potential hypertrophy of
pulmonary arteriolar smooth muscle, preventing gas exchange and impeding the normalization of
pulmonary circulation. Consider the preterm infant who has surfactant deficiency, resulting in incomplete
lung expansion, atelectasis, and intrapulmonary shunting. Finally, consider the near-term infant delivered
by Caesarian section without labor. This fetus may not have initiated the shift from lung liquid production
to reabsorption before birth, and after birth, the infant may experience retained fetal lung fluid, incomplete
lung expansion, and impaired gas exchange. Each of these circumstances is unique to neonatal
resuscitation. Each circumstance is primarily pulmonary, rather than cardiac, in its pathophysiology. Yet,
each circumstance can result in the need for cardiopulmonary resuscitation because of pre- and/or post natal asphyxia (hypoxia, hypercarbia, acidosis) compromising cardiac function and resulting in bradycardia
and/or cardiac arrest.
In response to the need for specific approaches to the resuscitation of the newly born infant, in 1978 the
Working Group on Pediatric Resuscitation of the American Heart Association (AHA) called for development
of a neonatal resuscitation training program that would emphasize ventilation rather than cardiac
defibrillation. With the cooperation of the AHA and the American Academy of Pediatrics (AAP), the
Neonatal Resuscitation Program (NRP) was launched in 1987 as a separate educational program, focusing
on resuscitation of the newly born infant in the delivery room (1). The AAP Neonatal Resuscitation Program
Steering Committee, the Subcommittee on Pediatric Resuscitation of the AHA Emergency Cardiovascular
Care Committee, and the International Liaison Committee for Resuscitation (ILCOR) have continued the
intra-organizational cooperation, in a 3 -year process which led to publication of the ILCOR Advisory
Statement on Resuscitation of the Newly Born Infant (2) the most recent International Guidelines for
Neonatal Resuscitation (3).
In formulating the neonatal resuscitation chapter of the Guidelines 2000 for Resuscitation and
Emergency Cardiovascular Care, the same rigorous process of evidence evaluation used for basic and

advanced pediatric and adult life support was applied to the neonatal setting. However, in recognition of
the time-sensitive nature of perinatal physiology and the distinctive developmental attributes of premature
infants and newly born infants, all studies not performed in neonates were classified as extrapolated
evidence. Even within the neonatal literature, relatively few studies have been conducted in the delivery
room setting, and thus, their conclusions may not be strictly generalizable to resuscitation at birth.
Important examples of studies conducted in the delivery room, and their role in changing the neonatal
guidelines, will be discussed in detail in the following sections regarding specific neonatal resuscitation
recommendations.
SPECIFIC RECOMMENDATIONS
Though neonatal resuscitation shares the foundation concepts of airway, breathing, and circulation with
adult and pediatric resuscitation, the neonatal algorithm incorporates other concepts central to the care of
the newly born infant (e.g. thermal control), emphasizes the importance of establishing adequate lung
expansion and ventilation, and dictates key variations in practice resulting from anatomic and
developmental differences between neonatal and older pediatric patients. The algorithm for neonatal
resuscitation [ Figure 2 ] begins with rapid assessment and the initial steps of resuscitation, then continues
through positive-pressure ventilation (including intubation), chest compressions, medications, and special
considerations.

Figure 2. The algorithm for neonatal resuscitation begins with a rapid assessment of the
infant and continues through the initial steps of resuscitation, positive-pressure ventilation,
chest compressions, and medications. Endotracheal intubation may be considered at several
steps during resuscitation. (Kattwinkel J (ed). Textbook of Neonatal Resuscitation, 4 th
Edition. American Heart Association, American Academy of Pediatrics. Elk Grove Village, IL.
2000, p. 1 -15. Copyright American Academy of Pediatrics. Used with permission.)

INITIAL STEPS
The initial steps of neonatal resuscitation (provide warmth; position and clear the airway; dry, stimulate
and reposition; provide oxygen as necessary) highlight many of the fundamental differences between
resuscitation of a newly born infant and an older child or adult. Providing warmth and minimizing heat loss
assume special importance for newly born infants who emerge wet and vulnerable to rapid heat losses
through a large surface area-to-mass ratio (4). Any neonatal resuscitation must begin with proper
preparation to maintain a neutral thermal environment for the patient; both hypothermia and
hyperthermia can compromise the success of neonatal resuscitation (5-7). Likewise, clearing the airway is
fundamental to any resuscitation, but especially so in newly born infants who are making the transition
from fluid-filled to air-filled lungs. The airway must be effectively cleared (bulb or catheter suction), but in
a manner which does not result in pharyngeal stimulation, triggering a vagal response, and resulting in
compromise of respirations and heart rate. The frequency and variety of possible aspiration risks (clear
amniotic fluid, blood, meconium-stained amniotic fluid) are great in the newly born. The presence of
meconium -stained amniotic fluid and a depressed infant constitutes an indication for immediate tracheal
intubation for suctioning - certainly a different approach from airway management in the older child, or
even in the neonate with clear amniotic fluid (3). In the situation of a depressed infant with clear amniotic
fluid, the first step is to stimulate breathing by tactile stimulation - often provided by drying the infant, but
also by specific stimulation of flicking the feet. Such an approach is directed toward an infant experiencing
primary apnea [Figure 3]; however, because primary and secondary apnea are virtually indistinguishable in
the delivery room, the infant who does not respond rapidly to tactile stimulation requires positive-pressure
ventilation.

Figure 3. Primary apnea is responsive to tactile stimulation; however,
secondary apnea does not. Primary apnea may occur in utero, thus apnea
present after birth may be either primary or secondary. Because it is
clinically difficult to distinguish between the two in the delivery room,
positive-pressure ventilation is indicated if brief stimulation does not result
in spontaneous respirations. (Kattwinkel J (ed). Textbook of Neonatal
Resuscitation, 4 th Edition. American Heart Association, American Academy
of Pediatrics. Elk Grove Village, IL. 2000, p. 1-7. Copyright American
Academy of Pediatrics. Used with permission.)

Significant changes in the Initial Steps were introduced in the 2000 Guidelines. These include the
concept of simultaneous assessment and action and a change in the basis for decision-making regarding
intubation for meconium-stained amniotic fluid. The resuscitation of a newly born infant begins with Rapid
Assessment of 5 points in the several seconds after birth: 1) Is the baby clear of meconium? 2) Is the
baby breathing or crying? 3) Is there good muscle tone? 4) Is the baby pink? 5) Is the baby term? The
answers to these Rapid Assessment questions determine the need for further resuscitation vs. routine care
(warmth, clearing the airway, drying). As the actions of the Initial Steps are initiated, the infant's

responses (breathing, heart rate, color) are evaluated simultaneously to guide further intervention.
With the latest revision of the neonatal resuscitation guidelines, the basis for tracheal suctioning with
meconium -stained fluid shifted to the vigor of the infant, rather than the consistency of the meconium
(3,8). When the infant is not vigorous (defined as inadequate respirations, poor tone, or heart rate < [less
than] 100 bpm), intubation and tracheal suctioning should be performed intubation and tracheal suctioning
should be performed regardless of the consistency of the meconium (thick or thin). Under the new
guidelines, the vigorous infant (good respiratory effort, adequate tone, heart rate > 100 bpm) may be
managed expectantly, even in the setting of thick meconium. However, an infant who develops signs of
airway obstruction, apnea, or respiratory distress subsequently during the acute resuscitation should be
intubated prior to beginning positive-pressure ventilation.
POSITIVE-PRESSURE VENTILATION
The key to successful neonatal resuscitation is the establishment of adequate lung volumes and effective
ventilation. This physiology differs significantly from that underlying most pediatric and adult resuscitation,
and results in positive-pressure ventilation - rather than chest compressions - being the most important
element of neonatal resuscitation. Neonatal resuscitation differs from pediatric/adult resuscitation in that a
heart rate check is not part of the initial Rapid Assessment, nor are chest compressions begun
simultaneously with positive-pressure ventilation. In an infant who is apneic or gasping, positive-pressure
ventilation is performed for 30 seconds before reassessing respirations, checking heart rate, and noting
color. Positive-pressure ventilation may also be initiated for the indication of heart rate < (less than) 100
bpm; however, even in the case of a heart rate (less than) 60 bpm, 30 seconds of positive-pressure
ventilation should be provided first, before beginning chest compressions. This difference recognizes that
bradycardia secondary to asphyxial changes (rather than primary cardiac arrest or non -perfusing rhythm)
is the most common neonatal cardiac pathology. Effective lung expansion, unimpeded by chest
compressions, is the most efficacious approach to initiating spontaneous respiration and reversing the
bradycardia.
Changes in the 2000 Guidelines place more emphasis on the importance of ventilation as the
cornerstone of successful neonatal resuscitation. This element of resuscitation encompasses significant
complexities, due to the variety of pulmonary pathology encountered in the newly born infant. Term
infants may have normally compliant, mature lungs or may have retained fetal lung fluid, aspiration of
clear fluid, blood, or meconium, or perinatal pneumonia compromising their airways and lung compliance.
Preterm infants often experience compromise of their lung function due to surfactant deficiency or
pneumonia. Extremely preterm infants may have formed virtually no mature gas exchange spaces. Each of
these circumstances requires an individualized approach to achieve adequate, but not excessive lung
expansion and ventilation. Opening breaths with longer inspiratory times may be useful to establish lung
expansion (9); higher pressures may also be necessary with parenchymal disease. Overdistention of
airways and air spaces can lead to acute complications of air leak, and especially in preterm infants, can
set the stage for later chronic lung disease.
During the evidence evaluation leading to the 2000 guidelines revision, extensive evidence in animals
and short-term evidence in human infants was considered regarding the role of 100% oxygen vs. room air
in resuscitation of newly born infants (10, 11). Traditionally 100% oxygen has been used to rapidly
reverse hypoxia and overcome diffusion barriers. However, evidence suggests that vital signs normalize as
rapidly or more rapidly with room air, and short-term survival and outcome at 1-month were no different
in groups resuscitated with room air and oxygen. Nevertheless, before a guidelines change can be
recommended, data on long-term survival and quality of survival are needed, as the primary theoretical
advantage to resuscitation with room air is less oxidative injury, hypothesized to mediate
neurodevelopmental damage as well as chronic lung disease. In recognition of the importance of
ventilation and the equivalency of room air and 100% oxygen in many neonatal resuscitations, the 2000
Guidelines recommend that when 100% oxygen is not readily available, positive-pressure ventilation
should be initiated promptly with room air (3).

CHEST COMPRESSIONS
In most neonatal resuscitations, if adequate ventilation is achieved, the need for chest compressions can
be avoided (12). However, in certain cases of advanced asphyxia and myocardial depression or severe
pulmonary dysfunction in which adequate ventilation cannot be readily achieved, chest compressions are
necessary to support the circulation during more extensive resuscitation. Thus, the indication for chest
compressions in the newly born differs significantly from that in older children and adults. The mechanics
of the thoracic cage and the physical forces of the circulation of blood also differ, especially in preterm
infants. The predominance of pulmonary dysfunction, already discussed, necessitates a relatively lower
ratio of compressions to ventilations. The 3:1 ratio of compressions to ventilations is performed with 90
compressions and 30 interposed breaths per minute (or one cycle of 4 events every 2 seconds). The
preferred method for chest compressions is the two-thumb-encircling-hands method (13), which provides
firm support for the back and generates higher systemic arterial pressure and better coronary perfusion
pressure than the two -finger method [Figure 4 ].

Figure 4. The two-thumb encircling hands
method for chest compressions is preferred
over the two-finger method. (Kattwinkel J
(ed). Textbook of Neonatal Resuscitation,
4 th Edition. American Heart Association,
American Academy of Pediatrics. Elk Grove
Village, IL. 2000, p. 4-5. Copyright
American Academy of Pediatrics. Used with
permission.)

Significant changes in the 2000 Guidelines relative to chest compressions include a change in the heart
rate indication for initiation and standardization of the depth of compression relative to thoracic size. The
previous indication for chest compressions, "heart rate < (less than) 60 beats/min or 60 to 80 beats/min
and not rising", was simplified to "heart rate < (less than) 60 beats/min" on the basis of construct validity,
or feasibility of accurate teaching, learning, and performance (14). The simplification of the indication for
chest compressions also favors the adequate performance of positive-pressure ventilation. For similar
reason of construct validity, the depth of chest compressions was standardized to one-third the depth of
the anterior-posterior diameter of the chest. Relative depth of compression is more likely to result in a
compression stroke which generates a palpable pulse, the accepted means to assess adequacy of chest
compressions.
ENDOTRACHEAL INTUBATION
Endotracheal intubation of the neonate is one of the most difficult skills to learn and maintain.
Anatomical differences from the older child and the adult account for much of this difficulty. The larynx is

more anterior in neonates and may be very far anterior in preterm infants. The vocal cords are far less
distinct in neonates than in children and adults, and appear pink rather than pearly white. Very small
physical distances and operating tolerances mean that an error of a few millimeters can result in
malposition of the endotracheal tube within the trachea or insertion of the tube into the esophagus instead
of the trachea. Finally, airway and craniofacial anomalies can prove challenging even to those who are
highly experienced in airway management. Furthermore, intubation is not an optional skill for those
responsible for delivery room resuscitation. In contrast to the situation in most pediatric resuscitations,
where an adequate airway can usually be maintained with bag and mask resuscitation, intubation is
required for clearing the airway of the depressed infant with meconium-stained fluid or for administration
of surfactant in the delivery room (3).
Two adjunctive airway devices (laryngeal mask airway and exhaled CO 2 detector) are considered for the
first time in the 2000 revisions of the neonatal guidelines. The laryngeal mask airway offers an alternative
to endotracheal intubation when bag-mask ventilation is ineffective and endotracheal intubation is not
possible. The device has demonstrated usefulness for management of difficult airways (e.g. Pierre Robin
sequence), and it has been used with success in routine neonatal resuscitation (15, 16). However, its wide
applicability is limited by the need for training as rigorous as that for endotracheal intubation.
Furthermore, the laryngeal mask airway cannot replace endotracheal intubation for clearing the airway of
meconium. The exhaled CO2 detection device has been widely used in pediatric anesthesia and intensive
care for confirmation of tracheal positioning of endotracheal tubes; however its use in the delivery room
has only recently been studied (17). Limitations still exist with respect to the sensitivity of the detectors,
limiting their usefulness in those neonatal patients in whom the confirmation of endotracheal tube position
could be most valuable - extremely low birth weight infants and those with low cardiac output
(bradycardia) and poorly expanded lungs. In such patients adequate endotracheal tube position is the
most difficult to confirm by strictly clinical signs.
MEDICATIONS
Neonatal resuscitation utilizes a relatively limited assortment of medications in the acute setting. Again,
the focus of neonatal resuscitation is ventilation, not reversal of arrhythmias, and effective lung expansion
and ventilation obviate the need for medications in most resuscitations. Epinephrine remains the principal
medication used in neonatal resuscitation. In contrast to pediatric resuscitation, high -dose intravenous
epinephrine has never been recommended for newly born infants. The unique risk of intracranial
hemorrhage in preterm infants and evidence for direct myocardial damage from high-dose epinephrine
make its use in neonates potentially harmful (18, 19). Bicarbonate may also pose special hazards in
neonatal resuscitation, as the likelihood of incomplete lung expansion or primary pulmonary pathology
preventing adequate ventilation is highest in this age group. Bicarbonate used in the setting of inadequate
removal of CO2 can paradoxically worsen acidosis. Volume expansion in the newly born infant may be
crucially important to replace acute blood volume loss; in this case rapid replacement and repeated doses
may be necessary. However, determining the need for volume expansion in settings of asphyxia, hydrops,
or sepsis can be more complicated and volume administration may be limited by myocardial insufficiency.
Neonatal resuscitation guidelines continue to recommend an initial dose of 10 mL/kg of volume expander,
followed by reassessment of the need for a repeat dose.
The newly revised neonatal resuscitation guidelines suggest isotonic crystalloid as the preferred volume
expander. This recommendation rests on evidence that crystalloid is as effective as albumin-containing
solutions in the acute treatment of hypotension (20). However, it is also based on the results of a metaanalysis of colloid vs. crystalloid which demonstrated higher mortality associated with the use of albumincontaining solutions across age groups (neonatal, pediatric, and adults) and across indications
(hypotension, hypoalbuminemia, burns). Further limitations in terms of cost, availability, and infectious
disease risk make albumin solutions less practical, as well.
The umbilical vein is the preferred route for administration of volume expanders and medications during
resuscitation of the newly born infant; however, the intratracheal route continues to be an acceptable first

line of administration for epinephrine. The newly revised guidelines omit any recommendation of high-dose
epinephrine by this route. Instead, the dosage at the higher range of the intravenous dose (0.1 - 0.3
mL/kg of 1:10,000 solution) should be given by the endotracheal route. When umbilical venous access is
not available as the definitive route for epinephrine, bicarbonate, or volume expansion, the intraosseous
route may offer an acceptable alternative to venous access (21).
SPECIAL CONSIDERATIONS
The 2000 Guidelines include a discussion of non-initiation and discontinuation of neonatal resuscitation.
The circumstances of these decisions differ dramatically from those encountered in other age groups. Noninitiation of resuscitation may be considered in the setting of confirmed lethal anomalies, such as
anencephy, trisomy 13 or trisomy 18. Resuscitation may be withheld also in the setting of extreme
prematurity, with birth weight < 400 grams and gestational age < 23 weeks (22-24). While these
guidelines are not absolute, their purpose is to stimulate dialogue and offer a basis for discussion at the
regional, hospital, and individual family level.
Discontinuation of resuscitation may be considered after full resuscitative efforts have not resulted in
return of spontaneous circulation within 15 minutes after birth. While resuscitation of "recently" stillborn
infants may result in return of spontaneous circulation, there is no agreement regarding the optimal
management of infants who continue with prolonged and refractory bradycardia (25-27). In general, the
preferred approach to discontinuation of resuscitation in such cases, or in cases of possibly lethal
anomalies, is to defer decisions until complete information can be collected regarding the infant's status
and prognosis. Decisions to stop support can then be made with adequate information and understanding
of the family.
Special considerations also encompass the variety of congenital anomalies which may require an
individualized approach to neonatal resuscitation - e.g. immediate intubation of an infant with congenital
diaphragmatic hernia and respiratory distress or placement of a nasopharyngeal airway and prone
positioning of an infant with Pierre Robin sequence. Causes of poor response to resuscitation overlap
considerably with those encountered in pediatric resuscitation, but others - such as anatomical airway
obstruction, complex congenital heart lesions or congenital heart block - may have their initial
presentation in the setting of neonatal resuscitation.
SUMMARY OF DIFFERENCES
Neonatal resuscitation differs fundamentally from resuscitation at any other time in the lifespan because
of the unique pathophysiology involved in the transition from intrauterine to extrauterine life. The need for
resuscitation of the newly born infant usually arises from some degree of asphyxial insult, either prenatally
as a result of compromise of placental respiratory function, or postnatally, as a result of cardiopulmonary
pathology. The establishment of adequate initial lung expansion and ventilation are thus the central
elements in successful neonatal resuscitation. Certain pathologies, such as aspiration of meconium-stained
amniotic fluid or surfactant deficiency occur only in the neonatal age group and require immediate and
very specific approaches to resuscitation.
Because of such different pathology and circumstances surrounding the need for resuscitation, the basic,
initial approach to the newly born infant differs considerably from that of the older child or adult [ Table 1 ].
Thermal control is of prime importance. Rapid assessment for the presence of meconium determines the
approach to subsequent airway management. The heart rate check does not enter the resuscitation
algorithm until either spontaneous or positive-pressure ventilation has been initiated.

Advanced resuscitation steps continue to emphasize the importance of ventilation. Chest compressions
are delivered only after 30 seconds of positive-pressure ventilation and then with a lower ratio of
compressions to ventilation (3:1). Endotracheal intubation may be indicated at various points in the
resuscitation - immediately for clearing the airway of meconium in a depressed infant; early in the
resuscitation of an extremely premature infant for administration of surfactant; later for cases in which
bag and mask ventilation is either ineffective or of prolonged duration. Medications are necessary in only a
small minority of resuscitations. Situations in which non-initiation or discontinuation of resuscitation are
indicated relate to lethal congenital anomalies and extreme prematurity, as well as lack of response to
resuscitation.
DIRECTIONS FOR THE FUTURE
As research continues to expand our understanding of the pathophysiology of perinatal asphyxial injury
and perinatal pulmonary disorders and their treatment, the need for special focus on neonatal
resuscitation will become even greater. In the field of basic-to-applied clinical science, better
understanding of the role of ventilatory pressures and oxygen in long-term lung development,
demonstration of optimal chest compression:ventilation ratio, and delineation of the long-term
neurodevelopmental effects of oxidant injury associated with high oxygen concentrations will shape the
future changes in neonatal resuscitation. Development of better equipment and better control mechanisms
for positive-pressure ventilation, suctioning of meconium, endotracheal intubation, laryngeal mask

ventilation, and confirmation of endotracheal tube placement will refine the delivery of resuscitation
interventions. Finally, the opportunity for prevention and prenatal intervention, through improved prenatal
diagnosis, manipulation of the in utero environment, and timing of delivery are unique to neonatal
resuscitation, and offer the true promise of the future.
REFERENCES
1. Kattwinkel J (ed). Textbook of Neonatal Resuscitation, 4th Edition. American Heart Association, American
Academy of Pediatrics. Elk Grove Village, IL. 2000.
2. Kattwinkel J, Niermeyer S, Nadkarni V, Tibballs J, Phillips B, Zideman D, Van Reempts P, Osmond M. ILCOR
Advisory Statement: Resuscitation of the newly born infant. An advisory statement from the Pediatric Working
Group of the International Liaison Committee on Resuscitation. Simultaneously published in Circulation 1999;
99:1927-1938; Resuscitation 1999; 40:71-88; European Journal of Pediatrics 1999; 158:345 -358; Pediatrics
1999; 103:e56.
3. Niermeyer S, Kattwinkel J, VanReempts P, et al. International guidelines for neonatal resuscitation: An
excerpt from the guidelines 2000 for cardiopulmonary resuscitation and emergency cardiovascular care:
International consensus on science. Pediatrics 2000; 106:e29.
4. Dahm LS, James LS. Newborn temperature and calculated heat loss in the delivery room. Pediatrics 1972;
49:504 -513.
5. Gandy GM, Adamson SK Jr, Cunningham N, Silverman WA, James LS. Thermal environment and acid-base
homeostasis in human infants during the first few hours of life. J Clin Invest 1964; 43:751-758.
6. Perlman JM. Maternal fever and neonatal depression: Preliminary observations. Clin Pediatr 1999; 38:287291.
7. Lieberman E, Lang J, Richardson DK, Frigoletto FD, Heffner LJ, Cohen A. Intrapartum maternal fever and
neonatal outcome. Pediatrics 2000; 105:8-13.
8. Wiswell TE, for the Meconium in the Delivery Room Trial Group. Delivery room management of the apparently
vigorous meconium-stained neonate: results of the multicenter collaborative trial. Pediatrics 2000; 105:1-7.
9. Vyas H, Milner AD, Hopkin IE, Boon AW. Physiologic responses to prolonged slow-rise inflation in the
resuscitation of the asphyxiated newborn infant. J Pediatr 1981; 99:635-639.
10. Ramji S, Ahuja S, Thirupuram S, Rootwelt T, Rooth G, Saugstad OD. Resuscitation of asphyxic newborn
infants with room air or 100% oxygen. Pediatr Res 1993; 34:809-812.
11. Saugstad OD, Rootwell T, Aalen O. Resuscitation of asphyxiated newborn infants with room air or oxygen:
an international controlled trial: the Resair 2 Study. Pediatrics 1998; 102(1). URL:
http://www.pediatrics.org/cgi/content/full/102/1/e1.
12. Perlman JM, Risser R. Cardiopulmonary resuscitation in the delivery room: Associated clinical events. Arch
Pediatr Adolesc Med 1995; 149:20-25.
13. Houri PK, Frank LR, Menegazzi JJ, Taylor R. A randomized controlled trial of two -thumb vs two-finger chest
compression in a swine infant model of cardiac arrest. Prehosp Emerg Care 1997; 1:65 - 67.
14. Theophilopoulos DT, Burchfield DJ. Accuracy of different methods for heart rate determination during
simulated neonatal resuscitation. J Perinatol 1998; 18:65- 67.
15. Paterson SJ, Byrne PJ, Molesky MG, Seal RF, Finucane BT. Neonatal resuscitation using the laryngeal mask
airway. Anesthesiology 1994; 80: 1248-1253.
16. Gandini D, Brimacombe JR. Neonatal resuscitation with the laryngeal mask airway in normal and low birth
weight infants. Anesth Analg 1999; 89:642-643.
17. Aziz HF, Martin JB, Moore JJ. The pediatric end-tidal carbon dioxide detector role in endotracheal intubation
in newborns. J Perinatol 1999; 19:110-113.56.
18. Berg RA, Otto CW, Kern KB, et al. A randomized blinded trial of high dose epinephrine versus standard dose
epinephrine in a swine model of pediatric asphyxial cardiac arrest. Critical Care Med 1996; 24:1695-1700.
19. Burchfield DJ, Preziosi MP, Lucas VW, Fan J. Effects of graded doses of epinephrine during asphyxia-induced
bradycardia in newborn lambs. Resuscitation 1993; 25:235-244.
20. Cochrane Injuries Group Albumin Reviewers. Human albumin administration in critically ill patients:
systematic review of randomised controlled trials. BMJ 1998; 317:235-240.
21. Ellemunter H, Simma B, Trawoger R, Maurer H. Intraosseous lines in preterm and full term neonates. Arch
Dis Child Fetal Neonatal Ed 1999; 80:F74 -75.
22. Finer N, Horbar JD, Carpenter JH for the Vermont Oxford Network. Cardiopulmonary resuscitation in the

very low birth weight infant: The Vermont Oxford Network experience. Pediatrics 1999; 104:428 -434.
23. Tyson JE, Younes N, Verter J, Wright LL. Viability, morbidity, and resource use among newborns of 501 -800
g birth weight. National Institute of Child Health and Human Development Neonatal Research Network. JAMA
1996; 276; 1645-1651.
24. Davis DJ. How aggressive should delivery room cardiopulmonary resuscitation be for extremely low birth
weight neonates? Pediatrics 1993; 92:447- 450.
25. Jain L, Ferre C, Vidyasagar D, Nath S, Sheftel D. Cardiopulmonary resuscitation of apparently stillborn
infants: survival and long-term outcome. J Pediatr 1991; 118:778 -782.
26. Yeo CL, Tudehope DI. Outcome of resuscitated apparently stillborn infants: a ten-year review. J Paediatr
Child Health 1994; 30:129-133.
27. Casalaz DM, Marlow N, Speidel BD. Outcome of resuscitation following unexpected apparent stillbirth. Arch
Dis Child Fetal Neonatal Ed 1998; 78:F112-115.

Top
Your questions, contributions and commentaries will be answered
by the lecturer or experts on the subject in the Prevention and Epidemiology list.
Please fill in the form (in Spanish, Portuguese or English) and press the "Send" button.
Question,
contribution
or commentary:

Name and Surname:
Country: Argentina
E-Mail address: @
Send

Erase

Top

2nd Virtual Congress of Cardiology
Dr. Florencio Garófalo

Dr. Raúl Bretal

Dr. Armando Pacher

Steering Committee
President

Scientific Committee
President

Technical Committee - CETIFAC
President

fgaro@fac.org.ar
fgaro@satlink.com

rbretal@fac.org.ar
rbretal@netverk.com.ar

apacher@fac.org.ar
apacher@satlink.com

Copyright© 1999-2001 Argentine Federation of Cardiology
All rights reserved

This company contributed to the Congress

