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Introduction

Neonatal resuscitation skills are essential foha#lth care providers who are involved in thewdel of
newborns. The transition from fetus to newborn nexpuintervention by a skilled individual or team i
approximately 10% of all deliveries. This figuredsncerning because 81% of all babies in the United
States are born in nonteaching nonaffiliated ldvet Il hospitals. In such hospitals, the volume of
delivery service may not be perceived to econonryigaistify the continuous inhospital presence of
personnel with high-risk delivery room experience recommended by the American Academy of
Pediatrics (AAP) and the American College of Obgtietns and Gynecologists (ACOG) in Guidelines
for Perinatal Care.

Perinatal asphyxia and extreme prematurity are2tltemplications of pregnancy that most frequently
require a complex resuscitation by skilled persaridewever, only 60% of asphyxiated newborns can be
predicted antepartum. The remaining newborns atddemtified until the time of birth. Additionally,
approximately 80% of low birth weight infants recgpiresuscitation and stabilization at delivery. tea
one half of newborn deaths (many of which are exélg premature infants) occur during the first 24
hours following birth. A number of these early deatalso have a component of asphyxia and/or
respiratory depression as an etiology. For theigmgy infants, effective management of asphyxidahe
first few minutes of life may influence long-termtoome.

Even though prenatal care is able to identify maoyential fetal difficulties antepartum, allowing
maternal transfer of care to the referral centeanynwomen who experience preterm labor are not
identified prospectively, therefore not allowingethppropriate maternal transfer to a tertiary faeain
center. Consequently, many deliveries of extrerpeiynature infants occur in smaller hospitals. ke t
reason, all personnel involved in delivery roomecaf the newborn should be trained adequatelylin al
aspects of neonatal resuscitation.

This chapter reviews the adaptation to extrautelifeeand the steps necessary to optimally resaigcit
neonates. Along with the necessary skills, thetjiaaer should approach any resuscitation withoady
comprehension of transitional physiology and adapia as well as an understanding of the infant's



response to resuscitation. Resuscitation involvesving much more than an ordered list of skills and
having a resuscitation team; it requires excell@sgessment skills and a grounded understanding of

physiology.

To decrease neonatal morbidity and mortality, thecitioner must be able to rapidly identify infant
whose transition from an intrauterine to extrawmermphysiology is delayed. Neonatal transition resgui
spontaneous breathing and successful cardiopulmahanges, as well as other changes to independent
organ system functions. A thorough understandingarimal transitional physiology leads to a better
understanding of the needs of the infant who igrpcing difficulties and, therefore, should résala
more effective resuscitative effort.

The Physiology of Transition
Respiratory adaptation

Following birth, for the lungs to operate as a timtal respiratory unit providing adequate gas exde,

the airways and the alveoli must be cleared of fatay fluid; an increase in pulmonary blood flovs@
must occur. In utero, most of the blood flow is sieal away from the lungs and directed to the placen
where fetoplacental gas exchange occurs. Fetal gnadng vascular resistance is high, and the fetal
systemic vascular resistance is low. Within minutésdelivery, the newborn's pulmonary vascular
resistance may decrease by 8- to 10-fold, causicyr@sponding increase in neonatal pulmonary blood
flow. At birth, the lungs must transition rapidly become the site for gas exchange, or cyanosis and
hypoxia rapidly develop.

An understanding of the structure and functionhd fetal pulmonary vascularity and the subsequent
transition to neonatal physiology is important ssiat with adaptation effectively during resusaitat In
utero, the lungs develop steadily from early intggésn. Respiratory development is classified iAto
stages . Based on this information, it is easye®why infants neonates born before approximat@i24
weeks' gestational age often do not have suffidiemg development for survival because of the atrsen
of a capillary network adjacent to the immaturetifatory units.

Fetal pulmonary physiology

The fetal lung is filled with approximately 20 mluid at term. Fetal airways, alveoli, and terminal
saccules are open and stable at normal fetal lohgnes, distended by lung fluid. A constant flowtlus
fluid is secreted into the alveolar spaces througldevelopment, which contributes to the fetal artiai
fluid. Pulmonary and bronchial circulation also deps as the alveoli appear. Because of the
compressive effect of the fetal lung fluid and tbe partial pressure alveolar oxygen (paO 2 ) erait

the pulmonary capillary bed and pulmonary bloodseés remain constricted. High vascular resistance
and low pulmonary blood flow results.

The placenta provides the respiratory function tfoe fetus. Two major characteristics of placental
circulation enable the placenta to maintain adexjoaigenation of the fetus. First, the placenta das
multivillous circulation that allows for maximum pasure of maternal and fetal blood. Second, several
factors result in the lowering of maternal pH amdreasing of fetal pH, which results in increased
transfer of oxygen by the maternal and fetal hewoluigk.

Maternal blood, carrying oxygen on adult hemoglobéheases oxygen to the fetal circulation and ptsce
both carbon dioxide and various byproducts of n@isim from the fetal circulation. These transfers
result in a decrease in the maternal placentaldofdd and a corresponding shift of the maternal exryg
dissociation curve to the right, which results itower affinity of the hemoglobin for oxygen ancdeth
release of additional oxygen to the fetal hemoglofdihe corresponding shift in the fetal oxygen-
dissociation curve to the left allows the fetal logihobin to bind more oxygen.



Fetal "breathing” begins at approximately 11 weahkd increases in strength and frequency throughout
gestation. Fetal respirations are controlled byhrabreceptors located in the aorta and at the bifioncaf

the common carotid. These areas sense both pHaatidl pressure of carbon dioxide (pCO 2 ). A refle
response to altered pH and pCO 2 is present absipmately 18 weeks' gestation; however, the fesus i
not able to regulate this response until approxétya4 weeks of gestation. Recent studies have
indicated that this response cannot be elicitedgt@éno even when the pH and pCO 2 are altered,rigadi
researchers to believe that this response is ssgguieén utero and is not activated until birth.dgts also
suggest that the low paO 2 in utero may be the amesih that inhibits continuous breathing, and when
paO 2 is increased, continuous breathing is stiradla

Neonatal pulmonary physiology

As discussed above, the fetal airways and alveelifidled with lung fluid that needs to be removed
before respiration. Only a portion of this fetahdufluid is removed physically during delivery. ng

the thoracic squeeze, 25-33% of the fluid may beressed from the oropharynx and upper airways,
although this amount may be markedly less. Thorsesoil allows for passive inspiration of air irttoe
larger bronchioles. Effective transition requirbattany remaining liquid be quickly absorbed t@wll
effective gas exchange.

A recent study showed that the decrease in lunig thegins during labor. Using lamb fetuses, the
researchers were able to show that the productidong fluid is decreased on onset of labor. The
subsequent reduction in lung fluid was associatigd Wwproved gas exchange and acid-base balance. In
addition, labor is associated with an increaseatecholamine levels that stimulate lymphatic drgeeaf

the lung fluid. These findings could account foe tincreased incidence of transient tachypnea of the
newborn after a repeat cesarean section withouwr.labfter birth, lung fluid is removed by several
mechanisms, including evaporation, active ion fans passive movement from Starling forces, and
lymphatic drainage. Active sodium transport by ggaequiring sodium transporters, located at the
basilar layer of the pulmonary epithelial cellsivdrliquid from the lung lumen into the pulmonary
interstitium where it is absorbed by the pulmonargulation and lymphatics.

The first breath must overcome the viscosity oflthey fluid and the intraalveolar surface tensidhis

first breath must generate high transpulmonaryspres which also helps drive the alveoli fluid @&so
the alveolar epithelium. With subsequent lung a@nathe intraparenchymal structures stretch arsdem
enter the alveoli, resulting in increased paO 2 piHd The increased paO 2 and pH result in pulmonary
vasodilation and constriction of the ductus ars

Lung expansion and aeration also is a stimulusdofactant release with the resultant establishraént
an air-fluid interface and development of functioresidual capacity (FRC). Normally, 80-90% of FRC
is established within the first hour of birth inetherm neonate with spontaneous respirations. The
pulmonary vascularity is stimulated to dilate byewgtfical mediators, nitric oxide, and prostaglandins.
Nitric oxide is released when pulmonary blood flamd oxygenation increases. The formation of certain
prostaglandins, such as prostacyclin, is inducetheyresence of increased oxygen tension. Pradiacy
acts on the pulmonary vascular smooth muscle béadtece pulmonary vasodilation. Prostacyclin has a
short half-life in the bloodstream and, therefal@gs not affect the systemic circulation.

Two major physiologic responses have been descfdrdte initial lung inflation in the neonate.

The first response is the "rejection responseWinch the neonate responds to positive pressurg lun
inflation with a positive intraesophageal presdoreesist the inflation. That is to say, the infactively
resists attempts to inflate the lungs by generasingactive exhalation. This response acts to nbt on
reduce lung inflation, but also may cause highdiemt inflation pressures.

The second response is “Head's paradoxical responadich the neonate responds to positive pressur
lung inflation with an inspiratory effort, causiraynegative intraesophageal pressure. This inspyrato



effort, with the resultant negative, pressure poedua fall in inflation pressures but results imaasient
increase in tidal volume.

Of course, the neonate may demonstrate no resporike inflation attempt, not generating any change
in intraesophageal pressure during the positivessore inflation, and passive inflation subsequently
results. It is important to recognize that thesgspiogic responses to positive pressure inflatrothe
delivery room may cause large variability in thdati volume and intrapulmonary pressures, despite
constant delivery of inflation pressure.

Stimuli for the first breath may be multifactoridlhe environmental changes that occur with birtp (e
tactile and thermal changes, increased noise ght) lactivate a number of sensory receptors that ma
help initiate and maintain breathing. Clamping lué tord removes the low resistance placenta, aqusin
an increase in systemic vascular resistance ansegoently causing an increase in both systemicdbloo
pressure and pulmonary blood flow. Certain evideals® suggests that the increased arterial paO 2
following the initial breaths may be responsible the development of continuous breathing via
hormonal or chemical mediators that are still unmef.

When the newborn lungs fill with air, the paO 2 gldorise gradually. In term infants with a persigte
hypoxia, an initial increase in ventilation occu@|owed by a decrease in ventilation occurs. Fifect

is even more profound in premature infants whoseSG#l not as mature. The carotid bodies and
peripheral chemoreceptors located at the bifurnatd the common carotids are stimulated during
hypoxia to increase minute ventilation. In asphtedgainfants who cannot increase minute ventilafesy
because of extreme prematurity or sedation), prafdaradycardia may result.

Cardiovascular adaptation
Fetal circulation

To understand the cardiovascular changes that aoctite neonate at birth, it is essential to hane a
understanding of normal fetal circulation. The ulichl vein carries the oxygenated blood from the
placenta to the fetus. Blood flow in the umbilie@in divides at the porta hepatis, with 50-60% td t
blood passing directly to the inferior vena cava #me remainder of the blood passing into the porta
circulation. This portal blood flow perfuses theeli and then passes into the inferior vena cava.

Flow studies have revealed that relatively littlimy of the blood occurs in the inferior vena cdk@m
these 2 sites. The more highly oxygenated bloodghlwhas bypassed the liver, streams into the mferi
vena cava to pass preferentially through the pdtaimen ovale into the left atrium. The desatwrate
blood returning from the liver and lower body strsainto the inferior vena cava to the right atrium.
the right atrium, it mixes with blood returning finothe coronary sinus and superior vena cava amgflo
into the right ventricle. The more highly oxygerthtdood that crosses the foramen ovale mixes wiigh t
small amount of pulmonary venous return and theesas the mitral valve into the left ventricle.

The output from the left ventricle passes into #seending aorta to the heart, brain, head, andruppe
torso. The less saturated blood from the right neetpasses into the pulmonary arteries. Becaluse t
pulmonary vessels are constricted and highly @sigb flow, only about 12% of the blood enters the
pulmonary veins. The remainder of the blood takespath of least resistance through the patenuduct
arteriosus into the descending aorta. Approximatete third of this blood is carried to the trunk,
abdomen, and lower extremities, with the remaireagering the umbilical artery where it is returried
the placenta for reoxygenation.

Neonatal circulation

The aeration of the lung results in an increasarterial oxygenation and pH, with a resulting ddatof
the pulmonary vessels. Decompression of the capillang bed further decreases the pulmonary vascula



resistance. There is also a corresponding dectiaasght ventricular and pulmonary artery pressures
The decrease in pulmonary vascular resistance leads increase in blood flow to the lungs and in
pulmonary venous return. Clamping of the umbilicatd removes the low resistance placental vascular
circuit and causes a resultant increase in thé ggstiemic vascular resistance with a resultanemse in

left ventricular and aortic pressures. The incrdasgstemic vascular resistance, combined with the
decreased pulmonary vascular resistance, revedrseshtnt through the ductus arteriosus (from right-
left shunting to left-to-right shunting) until thieictus completely closes.

All of these peripartum events result in closurahaf other fetal shunts. With the decrease in raghal
pressure and the increase in left atrial pressbhee;flap-valve” foramen ovale is pushed closedirgia
the atrial septum. This functional closure at bigifiollowed by anatomical closure that usually wscat
several months of age. The ductus venosus closesibe of the clamping of the umbilical cord, which
terminates umbilical venous return. Functional na@ital closure of the ductus venosus is accomplishe
by the collapse of the thin-walled vessels. Anat@inclosure subsequently occurs at approximately 1-
weeks. The constriction and closure of the pateitus arteriosus is accomplished by contractileugs
within the walls of the ductus arteriosus. The caction of this tissue is dependent on both thecase

in arterial oxygen related to the onset of sportaseaespirations and a fall in circulating prostaglin E

2 (PGE2).

The placenta is a major site of fetal PGE2 productithus the removal of the placenta from the
circulation causes circulating PGE2 concentratmualdécrease markedly. Further reduction occursen th
concentration of PGE2 because of increased blomd tb the lungs (the site of PGE2 metabolism).
Functional closure of the ductus generally occutkiw 72 hours of life, with anatomical closure age
1-2 weeks. In summary, functional postnatal cirtafa generally is established within 60 seconds;
however, completion of the transformation can tageo 6 weeks.

Response to asphyxia

The fetus or newborn that is subjected to asphlyg@ins a “diving” reflex (so termed because ofaiart
similarities to the physiology of diving seals) am attempt maintain perfusion and oxygen delivery t
vital organs. Pulmonary vascular resistance inegadgading to a decreased pulmonary blood flow and
increased blood flow directly to the left atriumys&mic cardiac output is redistributed, with iraged
flow to the heart, brain, and adrenal gland andebsed flow to the rest of the body. Early in asjdny
systemic blood pressure increases. However, witoiog hypoxia and acidosis, the myocardium fails
and the blood pressure begins to decrease, letdirggue ischemia and hypoxia.

Infants who are undergoing asphyxia have an alteesgiratory pattern. Initially, they have rapid
respirations. These respiratory efforts eventuedlgse with continued asphyxia (termed primary apnea
During primary apnea, the infant responds to statioh with reinstitution of breathing. However tlife
asphyxia continues, the infant then begins irreggésping efforts, which slowly decrease in frequen
and eventually cease (termed secondary apnea).

Infants who experience secondary apnea do not méspm stimulation and require positive pressure
ventilation to restore ventilation. Primary and aedary apnea cannot be clinically distinguished.
Therefore, if an infant does not readily respondstiulation, positive pressure ventilation shobkel
instituted as outlined in the Neonatal ResuscitatRvogram guidelines. If an infant is experiencing
primary apnea, the stimulation of the ventilatoffprs cause the infant to resume breathing. Ifittient

IS in secondary apnea, positive pressure ventilagorequired for a period. The longer the infast |
asphyxiated, the longer the onset of spontaneossirations is delayed following the initiation of
effective ventilation through the use of positivegsure ventilation.



Preparation for Resuscitation

A number of sources of information concerning tfaning of skills and procedures that are needed fo
the delivery room resuscitation of the newbornarailable. One highly respected source of inforamati
concerning the preparation and practice of neomatalscitation is the Neonatal Resuscitation Progra
which has been codeveloped by the AAP and the AvmerHeart Association. The following sections
contain a review of resuscitation procedures iarenét that is similar to the format used by the iNsal
Resuscitation Program. Completion of the NeonatduRcitation Program should be considered for all
hospital personnel who may be involved in the $itadiion and resuscitation of neonates in the @ejiv
room. To develop true expertise, additional sugeditime with skilled personnel is essential.

Although the current program for neonatal resusortais considered a highly respected referencs, it
important that more research continue to evalubee dffectiveness of the techniques of neonatal
resuscitation. The Neonatal Resuscitation Prograsnelrolved and will continue to evolve with newadat
from clinical studies and basic physiologic resharc

Anticipation

The goals of resuscitation are to assist with thgation and maintenance of adequate ventilatiod a
oxygenation, adequate cardiac output and tissukig@n, and normal core temperature and serum
glucose. These goals may be attained more readignwisk factors are identified early, neonatal
problems are anticipated, equipment is availal#esgnnel are qualified and available, and a cae 8l
formulated.

Causes of depression and asphyxia

A large number of antepartum and intrapartum materonditions carry an increased risk for intrapamrt
asphyxia. A number of excellent texts review thdéergive medical and surgical problems of the
obstetrical patient. It is not within the purviewthis article to review this topic.

Equipment

The delivery room should be equipped with all thecessary tools to successfully resuscitate any
gestational age newborn. The equipment should dechuradiant warmer, warmed blankets, a source of
oxygen, instruments for visualizing and establigham airway, a source of regulated suction, insémnis
and supplies for establishing intravenous accesgs equipped for emergency procedures, and dhags t
may be useful in resuscitation.

Trained personnel

For all deliveries, at least one person should fesgnt who is skilled in neonatal resuscitation hasl
responsibility for only the infant. Personnel shiblle available who are capable of performing a
complete resuscitation, including intubation, matan administration, and emergency procedurdabelf
delivery is identified as high risk, 2 or more &dl individuals should be assigned for the infant a
delivery. Remember that staff trained in neona&asuscitation need to apprentice with experienced
personnel for some time before they can be indegrghdresponsible for an infant at a delivery.

Neonatal Resuscitation

Thermoregulation

It is essential to prevent heat loss during thegeisation. Intrauterine thermoregulation is passivith
no use of calories or oxygen by the fetus. Thigainterine thermoregulation allows for maximal



intrauterine growth without fetal energy expendstdior thermal homeostasis. Brown fat storage begins
during the third trimester. It is the brown fatttimused for heat production in the newborn period

Several factors lead to increased heat lossesimélvborn infant. The neonate has a large skiracarf
area—to—body weight ratio, which increases heatfladl evaporative loss. The fluid loss from thensk

(not due to sweating but caused by direct transdiewater loss) results in massive heat loss. The th
skin with blood vessels that are near the surfaocgiges poor insulation, leading to further headslo
Additionally, the newborn infant (especially if pnature) has a limited capacity to change body jposit

for heat conservation. Animals ordinarily attemptdecrease heat loss by decreasing exposed surface
area. This reduction in exposed surface area isnggicshed by assuming a flexed position; however,
premature, critically ill, and depressed infanis anable to accomplish flexed positioning.

Neonates have a very limited capacity for metabbéat production. The newborn infant has limited
energy stores, largely because of decreased sulecuts: fat and brown fat stores. This paucity of fat
stores is more pronounced in premature and grogttirded infants. Additionally, infants do not shiive
effectively, which is a major source of heat prdducin the adult. The main source of heat produrctn

the newborn is nonshivering thermogenesis.

Thermoreceptors in the face have a marked sengitivi heat and cold. Stimulation by cold leads to
norepinephrine production and thyroid hormone dezausing brown fat to be metabolized. Browndat i
highly vascularized and stored in pockets arouredrtéonate's body. When brown fat is metabolized,
triglycerides are hydrolyzed to fatty acids andcghpl. Additionally, glycolysis is initiated andyglogen
stores are used; both processes resulting in gtupaxduction. Heat is produced as a byproduct ef th
increased metabolic rate and oxygen consumption.

Infants who experience heat loss have an increasgtdbolic rate and use more oxygen. Increased
oxygen consumption can be dangerous in infants arfeoexperiencing respiratory compromise. The
addition of cold stress in infants who are poontygenated potentially can lead to a change frorolaer

to anaerobic metabolism. This change in metaboirsay lead to tissue hypoxia and acidosis because of
the buildup of metabolic byproducts such as lacBéeause of the inefficiency of anaerobic metaino)i

the infant uses up glucose and glycogen resenmdlyaand still produces only a limited amount of
energy for heat production. Therefore, cold stoesslead to both metabolic acidosis and hypoglyaemi

Based on this information, it is essential to prevexcessive heat loss in the delivery room. Newdor
should be dried with prewarmed blankets or toweld placed on a prewarmed heat source. Open bed
warmers, which use radiant heat, are used in mebvedy rooms. They provide warmth during
resuscitation and for any subsequent invasive pires. It is important for the practitioner to keap
mind that this source of heat does not protect itfient from evaporative heat loss but, instead,
encourages evaporative heat losses.

It is also necessary to consider the environmedetaperature in relationship to controlling heatslas
the newborn. As a fetus, the thermal environmenggsilated precisely by the mother's core tempesatu
and heat losses are nonexistent. Following deljv&rgn when drying and a radiant heat source a&®@, us
infants continue to lose large amounts of heats Dlcurs by convective and evaporative heat losgnV
the environmental air is less than the neutralntaérenvironment for the infant being resuscitatbeds
cooler air causes further thermal losses.

Heat losses are related to the differences botvater concentrations between the skin and thesaivedl

as the absolute temperature gradient. The primaa&y im neonatal thermoregulation is to prevent heat
loss, compared to later rewarming a cold infanealty, an area (eg, a stabilization room) should be
separate from the operating room (OR) or labor rdlean allows special attention to the unusual ttarm
and environmental needs of the newborn high-rigknin This stabilization area should be kept asmwar
as possible, balancing the requirements of the-hglhinfant with the comfort of the adult staff that
area. Centers with such stabilization areas gdgeyabte temperature goals in the range of 80-88°F.



Another common source of heat loss in the newbafant undergoing resuscitation is the use of
unheated nonhumidified oxygen sources for the legevmask device. Inspired gasses that are sent to
the lungs are subsequently heated and humidifiethéynfant, thus resulting in massive heat exchang
and insensible water loss. Therefore, wheneverilplessvarmed and humidified gasses should be
provided in the resuscitation area. Alternativéhg intubated and ventilated infant should be mlame a
heated ventilator circuit as soon as is feasible.

Airway management

Once the infant is placed in a heated environntbatinfant should be positioned to open the airveayl
the mouth and nose should be suctioned. A bulmggrshould be used for the initial suctioning. iga
have a vagal reflex response to sensory stimulatiothe larynx, which may induce hypotension,
bradycardia, swallowing, and apnea. Thereforeath®f suctioning the airway with a catheter beeanfs
extremely thick or meconium-stained fluids may e@ysofound central apnea, bradycardia, and
laryngospasm. This reflex bradycardia may be pnodo herefore, deep suctioning of the trachea shoul
be limited to infants who have thick mucous thatrc#t be removed by bulb syringe or used for the
aspiration of aspirate stomach contents, when sacgs

The instillation of saline into the trachea als® lh@en shown to stimulate the afferent sensoryonsur
leading to these sequelae and has no place imimediate resuscitation period. Lung inflation hasrb
shown to reverse the effects of vagal stimulatMigorous suctioning of the nares with a catheter ca
lead to edema with resulting respiratory distretsr dhe infant leaves the delivery room. Wall soict
should be set so that pressures do not exceed aDBIgn

Stimulation

Drying and suctioning often is enough stimulatian initiate breathing; however, if more vigorous
stimulation is necessary, slapping the soles offéle¢ or rubbing the back may be effective. Thekbac
should be visualized briefly for any obvious defiecthe spine before beginning these maneuvetkett

IS no response to stimulation, it may be assumednfant is in secondary apnea, and positive pressu
ventilation should be initiated. At this point, thdant's respiratory rate, heart rate, and cotmutd be
evaluated. Most infants do not require furthernvation.

Supplemental oxygen

Infants who have a sustained heart rate more tB@rbgats per minute (BPM) and adequate respiratory
effort but who remain cyanotic should receive bloy-oxygen via oxygen tubing or a mask. It is
arguably advantageous to provide heated, humiddigden if possible, but this is rarely availabiethe
delivery room environment. Supplemental oxygen &hbe initially provided with a FiO 2 of 1 at a ¥lo

rate of 8-10 L/min. If supplemental oxygen is to pevided for a prolonged period, then heated
humidified oxygen should be supplied via an oxyshoeith the FIO 2 adjusted to result in pulse-
oximetry saturations of 92-96% in the term infamtl 88-92% in the preterm infant.

Positive pressure ventilation

For a number of reasons (discussed above), it eatifticult for the infant to clear fluid from therways

and establish air-filled lungs. Initial respiratafforts may need to be augmented by the additi@itioer
continuous positive airway pressure (CPAP) or pasipressure ventilation. The addition of positive
pressure aids in the development of functionaldresdi capacity and is needed more commonly in
premature infants. Mechanical lung inflation alsoimportant to reverse persistent bradycardia in an
apneic asphyxiated infant.

Infants with adequate respirations who are havespiratory distress manifested by tachypnea, grgnti
flaring, retracting, or persistent central cyanasiay benefit from CPAP. If the infant is apneicsha



inadequate respiratory efforts, or a heart rate tlesn 100 BPM, then positive pressure ventilasioould
be initiated immediately. The bag must be equipieedeliver positive end-expiratory pressure and the
appropriately sized mask should be applied firrolyhie face.

Some infants respond to brief mechanical ventitedmd subsequently begin independent ventilation;
others need continued ventilatory support. It seasial that sufficient, but not excessive, inipagéssure

be used to adequately inflate the lungs, or bradyaeaand apnea will persist. A pressure manometer
always should be used with a pressure release \ialiteng the positive pressure to 30-35 cm H 2TO.
provide adequate distending pressure, the infast tveipositioned properly and the upper airwayrekba

of secretions; the mask must be the correct sidd@am a tight seal on the face.

While providing assisted breaths, look for a risd &ll in the chest and an immediate increaseeerth
rate. If no chest rise occurs, either the airwaylagked or insufficient pressure is being genetdte the
squeezing of the bag. Ventilatory rates of 40-68atrs per minute should be provided initially, with
proportionally fewer assisted breaths providedhé infant's spontaneous respiratory efforts in&eas
Although not studied extensively, it has been reggbthat the initial inflation of the newborn's ggwith
either slow-rise or square wave inflation to 30 ldn2 O pressure for approximately 5 seconds results
more rapid formation of a functional residual capac

It should be remembered that, at the moment ofreigliand first, breath the neonatal lung is conngrt
from a fetal, nonaerated status to a neonatalsst&he neonatal lung has a requirement for gasaexgs)
and this requires the development of a functioesidual capacity because of the resorption of fluid
and the resolution of most of the atelectasis. dfoee, it is logical to conclude that initial slow
ventilation with more prolonged inspiratory timesyrbe useful to assist in this task, balanced wi¢h
avoidance of inappropriate inspiratory pressures.

However, these observations are counterbalancéddata showing that an increased risk of chromglu
disease in infants with very low birth weight isasiated with centers who initiate mechanical Vatiin
more frequently. Therefore, prospective, randomidedcal trials are urgently needed to resolveesal
issues related to the timing of surfactant admiaigin, use of various forms of positive end-pressu
(CPAP), and/or initiation of mechanical ventilation

Intubation

Infants may require tracheal intubation if direcacheal suctioning is required, effective bag-mask
ventilation cannot be provided, congenital diaphratic hernia is suspected, or a prolonged need for
assisted ventilation exists. An appropriate blad#i€r size 0-1) should be chosen depending onsihe

of the infant. Premature infants may be more easilypbated with a size 0 blade, and term infanigiire

a size 1 blade. An appropriate size of endotractuded (ETT) should be chosen based on the weight of
the infant.

Upon insertion of the ETT, the tube should be adedruntil the vocal cord guide mark near the digpal
of the tube is visualized to be slightly past tleeal cords. This guide mark is positioned a vaeabl
distance from the distal tip (depending on the EiZE) and is designed to result in the placemethef
tube tip between the vocal cords and the caritbheabifurcation of the right and left mainstem lsbin
The ETT should then be secured and cut to an apptedength to minimize dead space and flow
resistance.

Another estimate of correct placement of the ETibiase the weight of the infant in kilograms put
arrive at the number of centimeters at which tHeetshould be secured at the lip. Before securieg th
ETT, the infant should be assessed for equal bAatEeath sounds with maintenance of oxygenation.
ETT position is confirmed with a chest x-ray. Fié®v oxygen should be provided throughout the
procedure, and then effective ventilation via tag br ventilator after the infant is intubated.



Cardiovascular support and chest compressions

Most infants who present at delivery with a heatédess than 100 BPM respond to effective ventijat
assistance with a rapid increase in heart rateotonal rates. In contrast, if an effective airwaydan
effective ventilation is not established, furthemppgort is not effective. Chest compressions shdad
initiated following only 30 seconds of effectivegitove pressure ventilations if the heart rate raséess
than 60 BPM.

An assessment of the heart rate can be obtaingdlpgting the umbilical stump at the level of iriar

of the infant's abdomen or by direct auscultatidnthe precordium. Chest compressions should be
discontinued as soon as the heart rate is higtzar 8 BPM. Chest compressions may be performed
either by circling the chest with both hands ansgis thumb to compress the sternum or by suppmprtin
the infant's back with one hand and using thedfgbe middle and index finger to compress thenster.

The thumb technique is preferred because of imgroepth control during compressions, however the 2-
finger technique can be used.

Pressure should be applied to the lower portiah@fsternum depressing it 0.5-0.75 inches at aofe@6
per minute. One ventilation should be interposéeravery 3 chest compressions allowing for 30 thiea
per minute. The recommended ratio of chest comiresso ventilations is 3:1. Evaluate the heart rat
and color every 30 seconds. Infants who fail tqpoesl may not be receiving effective ventilatory
support, thus it is imperative to be evaluatinguigtilation of the infant constantly.

Medications

Neonatal resuscitation drugs should be stockednin aea in which neonates may be resuscitated,
including each delivery and stabilization area,wadl as the emergency room. Personnel should be
familiar with neonatal medications, concentratiaf@sages, and routes of administration. Drugs otlyre
recommended include epinephrine (1:10,000), sodicarbonate (0.5 mEqg/mL), and isotonic sodium
chloride solution (0.9%) as a volume expansion agen

Epinephrine use should be considered only wherilagah has been established and provided forastle
30 seconds. The only exception to this rule maynkafants who are born without a detectable pulse
heart rate. The current recommended dose for efpimepis 0.01-0.03 mg/kg (0.1-0.3 mL of the 1:1@00
solution) via IV or intratracheal route.

No studies are currently available that assessisieeof higher dosages or repeated dosing in neonate
Epinephrine administered via the ETT either shdagddliluted into 1 mL of saline or should be follalve
immediately by 1-2 mL of saline to ensure the distiion and absorption of the small volume of drifig.

an umbilical venous catheter is used for medicaséioministration, the catheter should be insertdgl on
until blood flow is obtained, usually 3-5 cm. Besatthe dosing recommendations for epinephrine have
included the endotracheal route of administrattbe, need for emergent placement of umbilical venous
catheters has been reduced markedly in the delroem.

In an editor's note commenting on an article exditCardiopulmonary Resuscitation in the Delivery
Room, Catherine DeAngelis writes, "....check thsvay (optimize respiratory support) one more time
before compressing the chest. More often thanymet,and the infant can then take deep breathsyaund
can beat your own chest instead of the infant's.”

The article reported that approximately one thiréth€ants in their study with neonatal depressiobigth
had associated fetal acidemia. However, in the imn@ infants without fetal acidemia, chest
compressions were initiated as a consequence abpap or inadequate ventilatory support at birth. |
this population of infants without the initial aeithia, chest compressions and/or epinephrine thevapy
ineffective. The heart rate only improved aftetheit effective tracheal intubation established amat
airway and/or after incremental increases in pasiiressure ventilation exceeded the opening pressu



of the lungs, establishing ventilation. This studhd others continue to reinforce the primary imgioce
of the establishment of effective ventilation—forittvout ventilation, other therapies, including
medications, will not be effective in establishaxdequate heart rate and perfusion.

Sodium bicarbonate has been recommended in theedelroom to reverse the effects of metabolic
acidosis related to hypoxia and asphyxia. Howenegrent studies show that 0.9% saline provides tbette
cardiac and blood pressure support to correct bioghacidosis and the underlying etiology of the
metabolic acidosis. Sodium bicarbonate should eatded until adequate ventilation is obtained bsxau
of the concomitant production of carbon dioxidddwaling the use of this drug. If sodium bicarboniate
used in the face of a persistent respiratory agduosd elevated pCO 2 , the acidosis will not beembed.

To correct a documented or presumed metabolic sisidmllowing the establishment of adequate
ventilation, a dose of 2 mEg/kg IV may be administk If the base deficit is known, then a more igeec
dose can be administered. Use of sodium bicarbanétee delivery room has been associated with an
increased incidence of intraventricular hemorrhagevery low birthweight infants; thus, caution is
advised.

Volume expansion may be used in neonates with seslef acute blood loss or with evidence of shock
of any etiology. In general, the neonatal hearpoesls well to the increase in preload at the alenadl
caused by the volume expansion. Hypovolemia maynhasked in a newborn infant because of the
significant peripheral vasoconstriction causedheydlevated catecholamines following delivery. Blyst
blood pressure also may be elevated falsely wiih. pa

The current recommendations for volume expansioimguesuscitation include isotonic sodium chloride
solution or lactated ringers, 5% albumin, Plasmanat O-negative blood that has been cross matched
with the mother. However, because of the advantafémg shelf life, low cost, ready availabilitgnd

the lack of evidence of the superiority of otheemig, isotonic sodium chloride solution is the most
frequently used agent for volume expansion. Theeatlly recommended dosage for volume expansion is
10 mL/kg IV over 5-10 minutes, and it may be infdiseore cautiously in extremely preterm infants.

Naloxone should be used only in neonates exhibit@spiratory depression in the setting of a lakgprin
mother who has received iatrogenically administemadcotics within 4 hours of delivery. Naloxone
should not be administered to neonates who aréenndistress or to neonates with another predisggosin
perinatal complication to explain the distress.

The great majority of neonates born to mothers veoeive narcotics do not receive and do not require
naloxone administration. The intramuscular admiatgin of naloxone should not be used as a subsstitu
for other forms of vigorous stimulation. Additiohglthe administration of naloxone to a neonate o
born to a mother with long-term narcotic use (egrolm, methadone) may induce seizures secondary to
acute withdrawal. Remember that some narcotic aghave a longer half-life in the neonate than
naloxone, which may lead to a later recurrenceespiratory depression in the nursery. Thereforg, an
infant who has received naloxone should be mordtfwe the recurrence of respiratory depressiorifr
hours. Naloxone dosage is 0.1 mg/kg of the 0.4-rhgégniution given intravenously, endotracheally, or
intramuscularly.

The immediate postresuscitation period

Maintenance of airway and ventilation

The goal of delivery room management is to stabitize airway and assure effective oxygenation and
ventilation. Once initial lung recruitment is obtad, it is essential to avoid overdistension. Breat

delivered by bag-mask ventilation may be diffictdt control and may result in overdistension and
consequent pneumothorax or pneumomediastinum. idddlty, the unheated nonhumidified oxygen can



quickly cool the infant via the large surface amdathe lungs, resulting in hypothermia. Therefore,
mechanical ventilation should be initiated as sa®possible once the infant is stabilized.

Although the ideal mode of assisted ventilationastroversial, it is essential to provide adequatsitive
end-expiratory pressure to prevent atelectasislevdtithe same time preventing overinflation. Otiee
appropriate functional residual capacity is obtdjné is essential to use the lowest support pésgin
allow for adequate oxygenation and ventilation. @ty saturations should be monitored continually and
arterial blood gas analyses performed as neededgdilve initial stabilization period. Saturatiort®sld

be maintained in the 90-96% range for the termninéand 88-92% in the preterm infant after the ahiti
stabilization.

Fluid and electrolyte management

In utero, nutrients are provided in their basionfoiGlucose is the major energy substrate of thesfet
Fetal glucose uptake parallels maternal blood gleamncentration. The liver, heart, and brain xecei
the greatest cardiac output and, therefore, thatggeamount of glucose. The fetus uses glucosiatéa
and amino acids to store fuels that are used durmggition. Neonates must develop a homeostatic
balance between energy requirements and the sopplybstrate as they move from the constant glucose
supply of fetal life to the normal intermittent i&trons in the availability of glucose and otheelf1 With

the clamping of the cord, the maternal glucose lsugpcut off. A fall in blood glucose during thadt 2-

6 hours of life occurs in healthy newborns. Theobiglucose usually reaches a nadir and stabiliz&8-a

60 mg/dL.

The immediate goal of fluid and electrolyte supgdolowing resuscitation is to maintain an apprepei
intravascular volume and to provide glucose honasistand electrolyte balance. The neonatal
cardiovascular system is very sensitive to preleaguiring adequate intravascular volume to maintai
adequate cardiac output. Therefore, expansion todvascular volume with appropriate solutions (eg,
isotonic sodium chloride solution) often is consetkin the neonate with inadequate blood pressure o
perfusion.

Additionally, as discussed in previous sectionspdgfycemia may occur rapidly in critically ill or
premature infants. Blood glucose determinationsulshde performed as soon as possible and a
continuous infusion of glucose should be started-@&tmg/kg/min for those infants who are not alole t
tolerate enteral feedings. Dextrose boluses shbeltimited to symptomatic infants because they may
result in transient hyperosmolarity and rebounddgyycemia. Electrolytes, such as sodium, potassium,
and chloride, should not be added initially becatheefluid shifts from other body compartments allo
for adequate electrolyte supply until adequatelriemection is documented.

The practitioner should monitor the weight, cliniégdration status, urine output, and serum sodium
concentrations closely because inappropriate fhwerload or restriction can lead to increased nhigrta
and morbidity. Taking the infant's environment iaiocount when calculating fluid requirements isyver
important. Fluid rates may be started at 60-80 mldKor the infant in a humidified incubator, while
fluid rates may be much higher for the infant idrg radiant warmer environment.

Preparation for transport

Preparation of the infant for transfer to a remotersery for subsequent care requires several
considerations. First, it is important to completethe routine care that is required of newborfarits.
These basics of care may be neglected in the ughnepare the infant for transport, with potenyiall
disastrous results. Following resuscitation, cartestnibe taken to secure all lines, tubes, catheterd,
leads for transport. Monitoring in the transporviesnment is only possible with functioning leaas i
place, which is frequently difficult. Rapid and cpiete documentation of the resuscitation and
subsequent therapies also is required for futuretakers.



Special problem during resuscitation

This section is devoted to congenital neonatal itmmd that may present in the delivery room arat th
may alter the resuscitation. The presentation efdisease and the immediate resuscitative effoets a
discussed. Please refer to other specific chafaefarther information on these disease processes.

Extreme prematurity

Premature infants have special needs that mustobsidered during the critical period immediately
following delivery if mortality and morbidity are@tbe decreased in this group. This population faints

Is at increased risk for respiratory failure, insble water losses, hypoglycemia, and intraveniicu
hemorrhages. It is impossible to adequately revigsvmany difficulties of extreme prematurity inghi
section, but special concerns regarding the car¢hese infants during the resuscitation period is
discussed.

Insensible water loss in the premature infant ireased secondary to the infant's poorly cornified
epidermis and an immature stratum corneum, whielgents little barrier to evaporative heat loss. The
stratum corneum is not functionally mature untit382 weeks' gestation. Differences in skin maturity,
prenatal nutritional status, ventilation requiretse@nd environmental conditions all may influetice
magnitude of insensible water loss that occur®valig birth.

The skin is the most important route for water daph after delivery of the extremely immature imtfa
Transepidermal water loss (TEWL) is highest athbint infants who are born before 28 weeks' gestatio
and decreases slowly with advancing gestational Bgspite declines in TEWL with advancing age,
infants born before 28 weeks' gestation continuleaie increased TEWL for 4-5 weeks following birth,
compared to infants born at term. Because of higiperative loss with the accompanying heat loss, th
ability to achieve and maintain thermoregulatiorcasnpromised further. The skin barrier dysfunction
increases the risk for infection, especially beeao$ organisms that colonize the skin surface (eg,
staphylococcal species). This thin skin barrieio gidaces the extremely immature infant at risk for
toxicities from topically applied substances. Adiitlly, skin integrity is disrupted easily by thee of
adhesives, which should be limited in prematurants.

Premature infants need increased fluid adminisinatates initially if they are on radiant warmeos &
prolonged period. With increased parenteral flutbnanistration using dextrose-containing fluids, the
dextrose needs to be monitored closely to ensigly@mia. Placing infants in a humidified envirormhe
decreases transepidermal water loss, improves #ietenance of body temperature, and does not delay
skin maturation. Measures to decrease insensibtervass should be initiated at delivery. Because
radiant warmers are used routinely at deliverieabse of a need for maximal patient access, infasss
than 1000 g should have a plastic blanket or dbherier applied to decrease evaporative wateruas

they can be placed in a humidified environment. Elosv, care should be taken to ensure that theebarri
does not block the transmission of the radiant beatce.

Premature infants are at risk for intraventricuk@morrhages and periventricular leukomalacia (PVL)
secondary to their immature cerebral vascular eggul and the persistence of the germinal matrix.
Ventricular hemorrhage and periventricular leukaaoe often lead to serious permanent
neurodevelopmental disabilities. Prevention or ofida of the severity of these disorders may bagin
the delivery room. Mechanical ventilation and fladministration must be managed cautiously in this
group of infants. Volume expansion should only ldenmistered in the face of true hypotension. It is
essential to know normal blood pressure valueghfants of various gestational ages. Volume exmansi
in the face of normal blood pressure increasesiskeof IVH.

Additionally, when administering hyperosmolar medions (eg, sodium bicarbonate), slow
administration is important. Mechanical ventilatioray lead to harmful fluctuations in cerebral blood
flow, especially when pCO 2 and pH are altereddigpiRapid alterations in pCO 2 and pH result in



acute fluctuations in the cerebral blood flow oé thremature infant with immature cerebral vascular
autoregulation.

Premature infants are also at high risk for voluma caused by poor lung compliance and
overventilation following the administration of egenous surfactants if changes in lung complianee ar
not monitored carefully. Overventilation with exse® tidal volumes and hypocarbia are associatéu wi
chronic lung disease. Stabilization of the infasing the lowest possible peak inspiratory presstirats
are required to oxygenate and ventilate adequadedgsential. Hand ventilation of an intubated nihfa
especially by inexperienced personnel, often ldadaconsistent tidal volumes and pressures. Usa of
mechanical ventilator designed for infants offdre advantages of more consistent tidal volumesaand
reduction of the heat losses because of the useh&fated nonhumidified air with hand bagging.

Although artificial surfactant administration issasiated with a reduction of adverse sequelaefanis,

its administration may lead to hyperventilation averdistension when not administered by experigénce
attentive personnel. Following the instillation eftificial surfactant, rapid reaction to changes in
pulmonary compliance to prevent the onset of hygmaaand alkalosis is essential. Following the
institution of mechanical ventilation, care shoblel taken with airway suctioning because vigorous or
frequent airway suctioning is associated with hyapintraventricular hemorrhage, and periventricula
leukomalacia. Prematurity with respiratory distres;mdrome (RDS) is not associated with mucous
production in the first 24 hours of life, thus saning protocols should be altered to provide miim
suctioning during this time.

Airway problems
Choanal atresia

Choanal atresia is caused by a failure of embryologgression of nasal airway tissue, thereby tegul

in a partial or complete occlusion of the nasaway. These choanal defects may be bony or
membranous, with most having a boney component. gixm bilateral stenosis usually results in a
neonatal respiratory emergency at birth becausaisfgenerally are obligate nasal breathers duheg
first 6-8 weeks of life. At rest, these infants albyi manifest severe apnea, retractions, and sy
distress that may be relieved with crying.

Wheezing or stridor may be audible with inspiratiand collapse of the small airways with vigorous
inspiratory effort can occur. The infant in resparg distress should be stimulated to cry and #ficial
oral airway may be used to avoid intubation. Theichl diagnosis is achieved by the inability tespa
small caliber catheter through the nasal passatmsever, the act of passing catheters, especiatly w
repeated attempts, causes nasal passage swellawy imfant with the subsequent iatrogenic occlusio
mimicking the congenital condition.

An alternative noninvasive method of excluding dnegnosis of complete atresia is to place a glbds s
under the nasal orifices and look for fogging wipiration. Supplemental oxygen should be
administered to infants with choanal atresia, andral airvay may be of assistance. If the infamains

in significant respiratory distress, intubationnecessary. Intubation relieves the obstruction had t
minimal ventilation (if any) is required.

Pierre Robin syndrome

This syndrome presents with micrognathia and witresultant displacement of the tongue into the
posterior pharynx, which may occlude the upper ayrwA central cleft of the soft palate usually is
present. Respiratory distress and cyanosis areedaog the obstruction of the upper airway. In the
delivery room, the infant should be given suppletaeonxygen and placed in a prone position in an
attempt to have the tongue move forward in a depenfdshion from the posterior pharynx, relieving t
airway obstruction. If the infant continues to hgersistent respiratory distress, an oral airway &



placed. Alternatively, an appropriately sized enaceal tube may be passed through the nose iato th
hypopharynx. Tracheotomies are generally not necgsand should be avoided. Intubation of these
infants often is not easy because visualizatiaefiarynx is difficult.

Tracheal webbing

The pathogenesis of tracheal webbing originatethéntenth week of gestation when an arrest in the
development of the larynx near the vocal cordsltesu a residual web of tissue persisting in threvay.
Approximately 75% of tracheal webs occur at theelesf the vocal cords. These lesions are critital i
more than 50% of the airway diameter is occluded,this is rare. These disorders may be relatively
asymptomatic at birth, with the development of reis$ later when activity increases and the need for
airway flow increases.

When attempting to intubate these infants, an absi#e covering may be observed over the larynx and
may occlude the airway completely. If the web csissbf a thin membrane, the ETT may be pushed
beyond the obstruction. However, if the membranethigk, the infant requires an emergency
tracheotomy. If the infant is manifesting severstréiss, a large bore needle or catheter may bedlac
into the trachea to allow for gas exchange whitaraging for emergency treatment. Caution must lee us
because inexperienced personnel may confuse thesdisaorder with simple inability to visualize the
vocal cords.

Esophageal atresia with and without tracheoesophagekfistulae

This condition rarely is considered a life-threatgnemergency; however, early diagnosis is esdentia
prevent further complication.

he most common clinical symptoms in types of esgphhatresia with an esophageal-tracheal fistida ar
coughing, choking, and cyanosis. Infants with ismdaesophageal atresia usually do not demonstrate
respiratory distress immediately in the delivergnmobut may have excess secretions. The atretidlad-
esophageal pouch occasionally may be observed dmest radiograph, manifested by a midthoracic
rounded lucency. This pouch is visualized moreihgdny the passage of a radioopaque catheter freo t
esophagus before the chest radiograph.

Because secretions or oral feedings are not capdbf@ssage into the stomach, the contents of the
esophageal pouch readily reflux, placing thesenisfat high risk for aspiration. A Replogle suction
catheter should be inserted to reach the esophpgeeah and placed on low continuous suction as soon
as possible. Infants with an associated distalllfisto the trachea are also at high risk for atipmaof
gastric contents into the lungs via the gastrobm@idistula, which most often empties into theway
near the carina.

If at all possible, positive pressure ventilatidiogld be avoided in these infants. Any positivespuge
applied to the airway results in inflation of thistéila, stomach, and bowel, which then results in
abdominal distention. This distending pressure otiba relieved by esophageal reflux through thetiatr
esophagus. Relief of the distending pressure oaeitihsreflux of gastric contents into the lungs Wmee
fistula. The continued application of positive m@® ventilation also may lead to massive gastric
distention and possible rupture. In rare emergsaitaations, percutaneous gastrotomy may be reqtored
decompress the stomach; however, controlled sungi@eement of a gastrostomy tube is preferable.

Cystic adenomatoid malformation

Cystic adenomatoid malformations of the lung aresgea that may cause a spectrum of symptoms, from
massive mediastinal shifts in the fetus (resultimgulmonary hypoplasia) to isolated subsegmewotadu
masses in the newborn (or adult) with minimal asded symptoms. Severe lesions also may cause fetal
cardiac compromise and result in hydrops. If tharihrequires positive pressure ventilation, exgem



caution must be used because the distending peessay inflate the cystic malformation. An inflated
cystic malformation is capable of massive expanstanising respiratory embarrassment because of the
prevention of ventilation of other normal lung tiss

Cystic hygromas

This condition is the result of a congenital defaynof the lymphatic channels. Lymph accumulated an
may compress the airway, depending on the sizdoaadion of the lymph accumulation. Approximately
80% of these lymphatic cystic accumulations ocecuthie neck and may compress the trachea. These
infants may present with significant respiratorgtaiss and require immediate intubation with deep
positioning of the ETT to relieve the obstruction $tinting open the airway. However, most of these
lesions expand outward from the neck and do nosecaignificant airway compromise in the delivery
room.

Pulmonary compression

Congenital diaphragmatic hernia

The pathogenesis of this disorder is caused byntmmplete formation of the diaphragm in the fetus,
resulting in a migration of the abdominal viscerithe chest during development. If the defetarge
and the abdominal viscera have caused long-staradingpression of the developing lungs, pulmonary
hypoplasia may develop.

The diagnosis of diaphragmatic hernia is estabtighequently by prenatal ultrasound, which allows t
management to be transferred to a perinatal réfegater where pediatric surgery and appropriate
medical support are available, including extracoepb bypass. In the delivery room, the infant often
presents with respiratory distress. Physical sigay include a scaphoid abdomen and a shift in heart
sounds to the right hemithorax.

Respiratory distress in the delivery room may beased by either a pulmonary hypoplasia or may be
secondary to an expansion of the bowel caused bil@awed air. The expansion of the bowel results in

compression of the lung. Delivery room managemealudes immediate intubation and passage of a
large catheter for gastric decompression. Intubapoevents distention of the stomach and bowel

contents because of crying or bag-valve-mask \aiuil. The gastric decompression should be achieved
with a Replogle or Salem pump suction catheter eoted to a low continuous drain. Constant

maintenance of the gastric suction during the peesipve and immediate postoperative period is

essential.

New modes of ventilation such as high frequencyillagary ventilation has decreased the use of
extracorporeal membrane oxygenation (ECMO) in plogulation. However, the survival rate for infants
with this anomaly has not changed over the pasidiec

Pneumothorax

Air leak syndromes are disorders produced wherpture of pulmonary tissue occurs with the resultant
escape of air into spaces in which air would nofphesent normally. The incidence of pneumothorax
varies with gestational age, severity of pulmondigease, need for assisted ventilation, mode of
ventilation, and expertise of delivery room persainfollowing the initial rupture of a small airway an
alveolus, air may enter the perivascular and peniénial spaces and track along the lymphatic cHanne
Air that dissects into the hilum results in a pneamediastinum. Air that tracks into the pleural spac
manifests as a pneumothorax. Spontaneous ruptiine dding directly into the pleural space is thaugh
occur rarely but may be caused iatrogenically \thih percutaneous insertion of a chest tube. Caigion
required.



Pneumomediastinum frequently is an isolated disditk occurs spontaneously in infants with minimal
pulmonary disease. These infants usually are asymgitc or minimally symptomatic because air in the
mediastinum is capable of escaping to the tissudethe neck. Intrathoracic tension is relieved and
circulation is not compromised. Infants with a pmeumediastinum should be observed. Intervention
usually is unnecessary.

Pneumothorax may occur immediately in the delivexym or later when significant pulmonary disease
has developed. The occurrence of a pneumothorax agtassociated with positive pressure ventilation
but it also may occur in infants who are not rerg\assisted ventilation. Following the initial d&ak,
the subsequent expansion of intrathoracic spades oapidly results in an increase of intrathoracic
pressure such that there is an inability to vetgtitae lungs and an inability to return venous tltmthe
heart. This is termed a “tension pneumothorax.”

The rapid clinical deterioration of such infantscaused by circulatory collapse and an inability to
ventilate. Any infant who has a sudden precipitoignge in ventilatory status associated with anbr
fall in blood pressure should be evaluated immedator a pneumothorax. Transillumination of the
chest may be used for the rapid diagnosis of selegr@@on pneumothorax. In cases where the clinical
situation allows, an x-ray should be used to makeamfirm the diagnosis. Infants in acute distress
should have a needle aspiration performed to relite tension while preparation is made to place a
chest tube. Symptomatic pneumothorax is managddtit insertion of a chest tube until the pulmonary
leak is resolved. A chest tube may not be requirélie pneumothorax is small and does not involne a
infant who is not receiving positive pressure Vatibn. Supplemental oxygen (FIO 2 = 1 ) often is
administered for 6-12 hours to hasten reabsormtidhe trapped intrapleural air.

Miscellaneous

Multiple gestation

The delivery and subsequent resuscitation of nlaltipfants presents a considerable challenge to the
labor and delivery team. The first considerationbt addressed with the initial prenatal diagnosis o
multiple gestations is to ensure that the caraiohs pregnancy is at an institution capable ofiding
such support for the mother and multiple infantslglivery. As for singleton births, a minimum of 2
experienced personnel should be available for @&zeimt. Because multiple gestation infants oftea ar
born prematurely (especially with higher order ggsh) more personnel may be required for eachinfa
Therefore, for higher order gestation involvingpkeis or more, preparation to ensure the presefice o
appropriate personnel and equipment must be plane#dn advance of the delivery.

The team should be led and organized by a desijexigerienced leader, and the planning phase should
involve a number of disciplines, including neonatpts, perinatologists, nurse practitioners,
pediatricians, nursery and obstetrics nurses, naspy therapists, and pharmacists. The deliveaynte
should consist of other individuals who are pregacemake complex decisions, perform technicalskil
and respond quickly to changing circumstances. @zgéon and teamwork is essential with adequate
personnel prospectively identified to respond tcheafant. These preparations are becoming more
commonplace because an increasing number of naulbipth pregnancies are resulting from assisted
conception.

Hydrops

When preparing for the resuscitation of a hydrapfant, it is essential to have a sufficient numbér
skilled personnel in the delivery room to ensuia the multiple needs of this significantly compirsed
neonate can be met. Equipment should be preparfedebie delivery, and all personnel in the room
should be assigned specific procedures, such aaracgntesis or thoracentesis, if required. These
procedures may need to be performed immediatetgeffluid accumulation is causing difficulties in
ventilation. If the hydrops is caused by anemiaptlfor transfusion should be available in the\asl



room. Because of the excess fluid in the lungserofising high pressures and oxygen are necessary
initially. Artificial surfactant administration abshas been attempted in the delivery room to taegt
surfactant deficiency in an attempt to improve puhary function. Umbilical venous and arterial lines
should be placed and central venous pressures onechit

Omphalocele and gastroschisis

Gastroschisis is an abdominal wall defect latevethe umbilicus that does not have a sac or memebran
covering the bowel. In contrast, an omphaloceleolves the bowel herniating through the umbilical
opening, with the bowel covered by a thin membrameless the membrane has been ruptured
intrapartum. For both omphalocele and gastrosghisis necessary to maintain adequate intravascula
fluid volume, to maintain thermoregulation, andptevent bowel ischemia. Preoperatively, these tsfan
have increased fluid requirements unless the b@nagpropriately wrapped with an airtight material.

The bowel may be first wrapped with warmed salioaked gauze. Care should be taken to support the
bowel and not compromise blood flow. Observe thedalosely to ensure no areas are compromised
from the bowel twisting. A 10F Replogle or Salemnjuu suction catheter should be placed at low
continuous suction to decompress the bowel andeptdurther ischemic injury. If the infant is diazged

with an omphalocele, the blood glucose should Isess®d because this defect may be associated with
Beckwith-Wiedemann syndrome. Trisomy 18 is assediatith this anomaly. Therefore, if the condition

is recognized prenatally, amniocentesis for chranad analysis should be offered to the family.

If chromosomal information is not available at tivee of delivery and there are other anomalies are
consistent with Trisomy 18, surgery should be datayntil a complete genetic evaluation is complete.

Congenital anomalies

Severe malformations observed in the delivery ratmuld not change the resuscitative management
unless skilled and experienced care providerslaeeta determine that the condition is incompatilith

life. The family should be involved in any decisionwhich no resuscitation is to occur. Infantshwit
severe malformations should be resuscitated abdizéa until an accurate diagnosis can be made.

Controversies in resuscitation

Neonatal resuscitation has been standardized hatli¢velopment of a certification program. Evalati
and recommendations for changes in the currentlatda is an ongoing process. As new research is
published, it is essential to evaluate the qualityhe studies and make changes in practice based o
evidence. This section outlines some of the cumentroversies and concerns in resuscitation.

Room air versus 100% oxygen

Oxygen is a drug with the potential for serious eade effects that must be considered. Oxygen free
radicals are capable of tissue injury and have loeeficated in several disease states in the neoiie

use of lower oxygen concentrations when resusegdtie neonate may decrease the number of oxygen
free radicals and their damaging adverse effentsnk study, resuscitation in room air was showbeto

as effective as 100% oxygen at lowering pulmonascular resistance. Other investigations have shown
that there are no benefits in raising the pO 2drighan 50 mm Hg.

Although large controlled multicentered trials hdeen performed indicating room air (FiO 2 = 0.181)

just as effective as 100% oxygen when resuscitatifants, long-term outcomes are still pending. The
results of these studies do highlight that, inaittns in which 100% oxygen is not available, the
resuscitation should proceed with the use of roanared a self-inflating bag. However, recent animal
model studies have shown that rats exposed todxghen concentrations have increased cellular sodiu
channel activity that assists in limiting pulmonagema. Hypoxia has been shown to inhibit cellular



sodium channel activity and increase lung fluidergfore, there may be a significant rationale &ing
high oxygen concentrations during resuscitatiothefasphyxiated or hypoxic infant.

Timing of artificial surfactant administration

Surfactant deficiency, which leads to RDS, is thesmlikely cause for persistent and progressive
respiratory distress in premature infants. Corgrblfandomized clinical studies have shown that the
prophylactic use of exogenous surfactant admiradtéo premature infants effectively reduces death
secondary to RDS. Controlled randomized clinicatlss also have shown that treatment of only those
infants who develop RDS symptoms has a significadtiction of death secondary to RDS. Prophylactic
dosing of artificial surfactant is performed in thelivery room before the first breath or within 30
minutes following birth.

Controversies related to the prophylactic treatrnegiment are related to the interruption of tresdard
resuscitation paradigm for the administration, ttremnt, and attendant risks of a population of itfan
who would not develop RDS, as well as the additianats related to this dosing scheme. The argument
for prophylactic surfactant dosing is that treat&@dnts who require surfactant replacement shoakkh
more uniform and effective drug distribution whére tungs are fluid-filled without air-fluid interéas.
Obviously, the treatment of only those infants vilie diagnosis of RDS-established results in alsemal
proportion of infants being treated. The proportmhinfants given prophylactic artificial surfactan
therapy who would not develop RDS depends on they amiteria for prophylactic treatment and
population characteristics.

Recent studies have demonstrated that early pragiiyyl dosing of surfactant is efficacious and
associated with better outcomes in extremely preraainfants. Researchers have recommended that,
whenever possible, infants with surfactant deficierbe identified before delivery using lecithin-
sphingomyelin ratio or testing for the presencelubsphatidylglycerol. Researchers also suggestathat
infants delivered earlier than 28 weeks of gestateceive their first dose of surfactant in theivaely
room within a few minutes of life, following cargialmonary stabilization. Infants born later than 28
weeks of gestation should receive rescue therapp@s as they show clinical signs of RDS.

Intubation and suctioning for meconium

Meconium staining of amniotic fluid occurs in 5-3% of all deliveries and rarely is seen before 34
weeks of gestation. Of newborns born with meconatained fluid, 60% require stabilization and/or
resuscitation. Of these infants that require Steddibn and/or resuscitation, 4-6% are diagnoseith wi
meconium aspiration syndrome. Meconium aspiration a newborn can lead to atelectasis,
overdistension, pneumothorax, pneumonitis, sunfdctaleficiency, and persistent pulmonary
hypertension. Trained personnel should be at alcomem stained deliveries. Suctioning of the
oropharynx and nasal pharynx once the head isatelivis the current standard in obstetrics. Intabat
and suctioning of infants beyond this point id stiintroversial.

In a recent, multicentered, prospective, randomizedtrolled trial, it was shown that regardlesshef
type of meconium, vigorous infants do not have meyeased risk for meconium aspiration syndrome if
they are not intubated and suctioned. The study iadicated that depressed infants, regardlesteof t
type of meconium, do benefit from intubation andtsning before the initiation of positive pressure
ventilation (PPV).

Depressed infants should be placed on a radiantsoeace and no drying or stimulation provided lunti
they are intubated and direct tracheal suctionsngerformed. A meconium aspirator should be applied
directly to the ETT, and continuous pressure shdnddapplied using 120-150 mm Hg as the tube is
removed. If meconium is obtained, it is necessargvaluate the heart rate before a second intubatio
performed. With the second intubation, the pramtgr may want to consider providing PPV through the
ETT once suctioning is performed. Once an infarst Ibeen stabilized, intubation and suctioning can be



performed again. Researchers have stated that met@an be suctioned from the trachea up to an hour
or longer following birth. Note that infants whoeavigorous at delivery and then develop respiratory
distress or become depressed also should be ietlkeid suctioned before initiation of PPV, if
meconium was present.

Preliminary studies show potential benefits in gsthlute surfactant lavage in infants with meconium
aspiration syndrome. New research has shown tf@tt;rwho receive surfactant replacement therapy
within 6 hours of delivery have improved oxygenat@nd a reduced incidence of air leaks, pulmonary
morbidity, and length of stay; however, furtherditis still are necessary before this can be recordate

as standard care.
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