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Neonatal Resuscitation andNeonatal Resuscitation and
StabilizationStabilization
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Flight NurseFlight Nurse –– Memorial STARMemorial STAR

Neonatal ResuscitationNeonatal Resuscitation

StageStage Gestational AgeGestational Age Structure DevelopmentStructure Development

EmbryonicEmbryonic 5 wk5 wk Bronchi develop and airway branchingBronchi develop and airway branching
occurs. Pulmonary veins return to theoccurs. Pulmonary veins return to the
left atrium.left atrium.

PseudoglandularPseudoglandular 55--17 wk17 wk Lungs take on a glandular appearance,Lungs take on a glandular appearance,
and there is continual branching of theand there is continual branching of the
tracheal bronchial tree (ending at 18tracheal bronchial tree (ending at 18--1919
wk gestation). Blood vessels andwk gestation). Blood vessels and
lymphatics begin to form. Thelymphatics begin to form. The
diaphragm develops.diaphragm develops.

CanalicularCanalicular 1313--25 wk25 wk Rich vascular supply develops andRich vascular supply develops and
capillaries are brought closer to thecapillaries are brought closer to the
airways. Primitive respiratoryairways. Primitive respiratory
bronchioles begin to form.bronchioles begin to form.

Terminal air sacTerminal air sac 2424--40 wk40 wk Alveoli appear and begin increasing inAlveoli appear and begin increasing in
number. The bloodnumber. The blood--gas interfacegas interface
develops. Type II alveolar cells appeardevelops. Type II alveolar cells appear
between 20between 20--25 wk and start producing25 wk and start producing
surfactant between 24surfactant between 24--25 wk; however,25 wk; however,
normal intranormal intra--airway concentrations areairway concentrations are
not reached until approximately 34 wk.not reached until approximately 34 wk.

PostnatalPostnatal 40 wk to 8 y40 wk to 8 y Thinning of the alveolar sac linings andThinning of the alveolar sac linings and
continued alveolar proliferation occur.continued alveolar proliferation occur.

Fetal DevelopmentFetal Development

Physiology of TransitionPhysiology of Transition

•• In uteroIn utero

–– Lungs are collapsed with a little blood flowLungs are collapsed with a little blood flow

–– Amniotic fluid keeps the lungs compliantAmniotic fluid keeps the lungs compliant

–– Gas exchange occurs at the placentaGas exchange occurs at the placenta

–– Pulmonary vascular resistance higherPulmonary vascular resistance higher

–– Systemic vascular resistance is lowSystemic vascular resistance is low

–– Breathing is practicedBreathing is practiced

Physiology of TransitionPhysiology of Transition

•• At DeliveryAt Delivery

–– Pulmonary vascular resistance falls by 8Pulmonary vascular resistance falls by 8--1010
timestimes

–– Increase in pulmonary blood flowIncrease in pulmonary blood flow

–– Thoracic squeeze removes 25Thoracic squeeze removes 25--33% of the33% of the
fluid from the upper airwaysfluid from the upper airways

–– Labor may facilitate fluids leaving the lungsLabor may facilitate fluids leaving the lungs
through catecholamine releasethrough catecholamine release
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Fetal CirculationFetal Circulation Fetal CirculationFetal Circulation

Fetal HypoxiaFetal Hypoxia

•• Can occur in uteroCan occur in utero
–– Pulmonary blood flow increasesPulmonary blood flow increases

–– BP decreasesBP decreases

–– RespirationsRespirations
•• Increase initiallyIncrease initially

•• GaspingGasping

•• CeaseCease

•• Primary apneaPrimary apnea
–– Responds to stimulation of breathingResponds to stimulation of breathing

•• Secondary apneaSecondary apnea
–– Needs positive pressure ventilationNeeds positive pressure ventilation

AirwayAirway

•• Clearing the airwayClearing the airway

–– Bulb SuctionBulb Suction

–– Nose then the mouthNose then the mouth

–– Obligate nose breathersObligate nose breathers

•• Blue when not cryingBlue when not crying –– pink when cryingpink when crying

•• Mucous plugsMucous plugs

–– OG/NG suctionOG/NG suction

•• Size 2X ET TubeSize 2X ET Tube

•• Need to protect the airwayNeed to protect the airway

–– CNS depressionCNS depression

–– Maternal NarcoticsMaternal Narcotics

•• HypoxemiaHypoxemia

–– Need for positive pressureNeed for positive pressure

•• Increased work of breathingIncreased work of breathing

–– Impending respiratory failureImpending respiratory failure

•• ApneaApnea

–– Common in infantsCommon in infants

Reasons for IntubationReasons for Intubation AirwayAirway

•• ET Tube SelectionET Tube Selection

–– Weight basedWeight based

–– < 1000 g< 1000 g –– 2.0 ET2.0 ET

–– 10001000--1500 g1500 g –– 2.5 ET2.5 ET

–– 15001500 –– 2500 g2500 g –– 3.0 ET3.0 ET

–– 25002500 –– 3500 g3500 g –– 3.5 ET3.5 ET

–– >3500 g>3500 g –– 4.0 ET4.0 ET

•• DepthDepth –– 2 X ET tube size2 X ET tube size
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PearlsPearls

•• Airway and oxygenation fundamental toAirway and oxygenation fundamental to
stabilizationstabilization

•• Loss of airway is a common pediatricLoss of airway is a common pediatric
catastrophecatastrophe

•• Source of high anxiety for providersSource of high anxiety for providers

•• Secure airway is of paramount importanceSecure airway is of paramount importance

–– Never start transport with insecure airwayNever start transport with insecure airway

–– Assume deterioration during transportAssume deterioration during transport

•• Transport environment is inherently uncontrolledTransport environment is inherently uncontrolled

BreathingBreathing

•• 11stst Breath with PPVBreath with PPV

–– 40 mm Hg40 mm Hg

•• ThenThen

–– 20 mm HG20 mm HG

•• PEEPPEEP

–– 5 mm HG5 mm HG

•• When might you have to go higher?When might you have to go higher?

•• Pulse Oximetry?Pulse Oximetry?

•• ETCO2?ETCO2?

Transient Tachypnea of the NewbornTransient Tachypnea of the Newborn

•• TTN or wet lung syndromeTTN or wet lung syndrome

•• Near Term infantsNear Term infants

•• LGA babies > 4 kgLGA babies > 4 kg

•• CC--SectionSection

•• BreechBreech

•• Second TwinSecond Twin

•• Maternal SedationMaternal Sedation

TTNTTN

•• XrayXray

–– Interlobar fluidsInterlobar fluids

–– Flat DiaphragmFlat Diaphragm

–– Pleural effusionsPleural effusions

•• SymptomsSymptoms

–– RR 60 to 140 bpmRR 60 to 140 bpm

–– GruntingGrunting

–– RetractionsRetractions

–– Mild cyanosisMild cyanosis

–– Nasal FlaringNasal Flaring

TTNTTN

•• Maintain ABG’s WNLMaintain ABG’s WNL

–– pHpH -- 7.357.35 -- 7.457.45

–– PaCO2PaCO2 –– 3535 –– 4545

–– PaO2PaO2 –– 50 to 7050 to 70

•• FiO2FiO2 –– 3535 --40%40%

•• CPAPCPAP

CardiovascularCardiovascular

As the neonate adapts to extrauterine lifeAs the neonate adapts to extrauterine life
there are five major areas of change in thethere are five major areas of change in the
circulatory functioncirculatory function

1. Increase aortic pressure and decrease1. Increase aortic pressure and decrease
venous pressurevenous pressure

2. Increased systemic pressure and2. Increased systemic pressure and
decreased pulmonary artery pressuredecreased pulmonary artery pressure



12/3/2011

4

CardiovascularCardiovascular

3. Closure of the foramen ovale ( over 33. Closure of the foramen ovale ( over 3--77
days)days)

4. Closure of the ductus arteriosus (w/in4. Closure of the ductus arteriosus (w/in
24hrs.)24hrs.)

5. Closure of the ductus venosus5. Closure of the ductus venosus

Characteristics of cardiac functions are:Characteristics of cardiac functions are:
heart rate, blood pressure, heart murmursheart rate, blood pressure, heart murmurs
and cardiac workloadand cardiac workload

Hematologic AdaptationsHematologic Adaptations

•• Blood volume of theBlood volume of the
term infant isterm infant is
estimated to be 80estimated to be 80--8585
ml/Kg of body weightml/Kg of body weight

•• Example 3.6Kg (8lbs.)Example 3.6Kg (8lbs.)
newborn has a bloodnewborn has a blood
volume of 290volume of 290--309ml.309ml.

Hematologic AdaptationsHematologic Adaptations

Blood volume varies based on the amount ofBlood volume varies based on the amount of
placental transfusion during delivery as well asplacental transfusion during delivery as well as
the following:the following:

1. Delayed cord clamping and normal shift of1. Delayed cord clamping and normal shift of
plasma to the extracellular spacesplasma to the extracellular spaces

2. Gestational age2. Gestational age

3. Prenatal and/or perinatal hemorrhage3. Prenatal and/or perinatal hemorrhage

4. The site of the blood sample (peripheral vs4. The site of the blood sample (peripheral vs
central)central)

(1.34) x (Hgb) x
(O2 saturation)

Fluid to pump
(intravascular

volume)

Pump function
(contractility)

O2 Delivery Cardiac Index O2 Content= X

Goals
•Optimize volume
•Support pump
•Maximize O2 saturation
•Treat anemia

Components of Tissue OxygenComponents of Tissue Oxygen
DeliveryDelivery

Principles of Fluid TherapyPrinciples of Fluid Therapy

•• Use isotonic fluids for resuscitationUse isotonic fluids for resuscitation

–– Normal salineNormal saline

–– Ringer’s solutionRinger’s solution

–– 5% albumin5% albumin

•• Give fluid slowly until response notedGive fluid slowly until response noted

•• Do not delay owing to lack of IV accessDo not delay owing to lack of IV access ——
use intraosseous needleuse intraosseous needle

Infuse maintenance
fluids

Infuse maintenance fluids
Term 60 ml/kg/day

Preterm 80 ml/kg/day
VLBW 100 ml/kg/day

Increase 10-20 ml/kg/day

Infuse blood 10 mL / kg

Epinephrine 0.1-0.3ml/kg
1:10,000

Consider additional fluids

Poorly perfused patient

Rapidly infuse 10 mL / kg
isotonic fluid

Rapidly infuse 10 mL / kg
isotonic fluid

Poor ResponseGood Response

Good Response

Poor Response

Good Response

Poor Response

Fluids and InotropesFluids and Inotropes
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Temperature RegulationTemperature Regulation

Newborns areNewborns are
homeothermic; theyhomeothermic; they
attempt to stabilizeattempt to stabilize
their internal (core)their internal (core)
body temperaturesbody temperatures
within a narrow rangewithin a narrow range
in spite of tempin spite of temp
changes w/in theirchanges w/in their
environmentenvironment

ThermoregulationThermoregulation

•• Heat lost throughHeat lost through
–– EvaporationEvaporation

–– ConductionConduction

–– ConvectionConvection

•• To maintain their temperatureTo maintain their temperature
–– Metabolize glucose for energyMetabolize glucose for energy

–– Byproduct lactic acidByproduct lactic acid

–– Increase respirationsIncrease respirations

–– Glucose levels fallGlucose levels fall

Glycemic Control in the NewbornGlycemic Control in the Newborn

•• Symptoms of hypoglycemiaSymptoms of hypoglycemia

–– JitterinessJitteriness

–– IrritabilityIrritability

–– LethargyLethargy

–– HypotoniaHypotonia

–– Poor feedingPoor feeding

–– VomittingVomitting

–– Temp instabilitiesTemp instabilities

•• GlucoseGlucose

–– 4040--60 mg/dL60 mg/dL

Hypoglycemia CorrectionHypoglycemia Correction

•• Respiratory StabilizationRespiratory Stabilization

•• Temp regulationTemp regulation

•• Replace GlucoseReplace Glucose

–– SlowlySlowly

–– Over 750 kgOver 750 kg

•• D10 2ml/kgD10 2ml/kg

–– 10 gms glucose in 100 ml10 gms glucose in 100 ml

–– Under 750 kgUnder 750 kg

•• D5 2ml/kgD5 2ml/kg

–– 5 gms glucose in 100ml5 gms glucose in 100ml

–– Recheck every 30 minutesRecheck every 30 minutes

Neonatal ResuscitationNeonatal Resuscitation

•• Nearly one half of neonatal deaths occurNearly one half of neonatal deaths occur
within the first 24 hourswithin the first 24 hours
–– Many of these are extremely prematureMany of these are extremely premature

–– 2222--26 weeks26 weeks

•• 10% of all babies born require intervention10% of all babies born require intervention
at birthat birth

•• Perinatal asphyxia and prematurity are thePerinatal asphyxia and prematurity are the
top 2 complications that require complextop 2 complications that require complex
resuscitationresuscitation
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Apgar ScoresApgar Scores

•• ComponentComponent

–– GrimaceGrimace

–– ColorColor

–– Heart rateHeart rate

–– ToneTone

–– RespirationsRespirations

•• What do they mean?What do they mean?

Future ConsiderationsFuture Considerations

•• Animal and Human studiesAnimal and Human studies

•• Resuscitation with room airResuscitation with room air

–– 21% oxygen21% oxygen

–– 100% oxygen100% oxygen

•• Pulse oximetryPulse oximetry

–– Oxygen saturations in utero 30Oxygen saturations in utero 30--70%70%

–– During transition 85% and slowly increaseDuring transition 85% and slowly increase

–– Using pulse oximetry to guide resuscitationUsing pulse oximetry to guide resuscitation

Hepatic AdaptationsHepatic Adaptations

In the newborn the liver is frequently palpable 2 to 3 cmIn the newborn the liver is frequently palpable 2 to 3 cm
below the right costel margin. It is relatively largebelow the right costel margin. It is relatively large
and occupies about 40% of the abdominal cavity.and occupies about 40% of the abdominal cavity.

Iron is stored in the liver until needed for new red bloodIron is stored in the liver until needed for new red blood
cell production as red blood cells are destroyed aftercell production as red blood cells are destroyed after
birth.birth.

The neonatal liver plays a significant role in ironThe neonatal liver plays a significant role in iron
storage, carbohydrate metabolism,storage, carbohydrate metabolism, conjugation ofconjugation of
bilirubinbilirubin andand coagulation.coagulation.

Gastrointestinal AdaptationGastrointestinal Adaptation

Adequate maturity of the gastrointestinalAdequate maturity of the gastrointestinal
tract is achieved by 36 to 38 wks.tract is achieved by 36 to 38 wks.

Gestation with the presence of enzymaticGestation with the presence of enzymatic
activity and the ability to transport mostactivity and the ability to transport most
carbohydrate, fat and protein nutrientscarbohydrate, fat and protein nutrients

across the intestinal membranesacross the intestinal membranes

Gastrointestinal AdaptationGastrointestinal Adaptation

•• At birth the newbornAt birth the newborn
experiencesexperiences
Swallowing, gastricSwallowing, gastric
emptying and intestinalemptying and intestinal
propulsionpropulsion

•• At birth air enters theAt birth air enters the
stomachstomach

•• the small intestine is airthe small intestine is air
filled within 12filled within 12--24 hours24 hours

•• Large bowel within 24Large bowel within 24
hourshours

•• salivary glands aresalivary glands are
immature at birthimmature at birth

•• little saliva islittle saliva is
manufactured until themanufactured until the
infant is about 3 monthsinfant is about 3 months
oldold

•• the newborns stomachthe newborns stomach
has a capacity of 50 tohas a capacity of 50 to
60ml60ml
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Gastrointestinal AdaptationGastrointestinal Adaptation

•• The newborn stomach emptiesThe newborn stomach empties
intermittently starting with a few minutes ofintermittently starting with a few minutes of
the beginning of a feeding and endingthe beginning of a feeding and ending
between 2 and 4 hours after feedingbetween 2 and 4 hours after feeding

•• Digestive function: the tern neonate hasDigestive function: the tern neonate has
adequate intestinal and pancreaticadequate intestinal and pancreatic
enzymes to digest most simpleenzymes to digest most simple
carbohydrates,proteins and fatscarbohydrates,proteins and fats

Gastrointestinal AdaptationGastrointestinal Adaptation

•• Gastric pH is neutral to slightly alkalineGastric pH is neutral to slightly alkaline

•• less acidic in about three weeksless acidic in about three weeks

•• remains less acidic than that of adults for 2remains less acidic than that of adults for 2--33
monthsmonths

•• the stomach secrets pepsinogen which isthe stomach secrets pepsinogen which is
necessary for protein digestion andnecessary for protein digestion and
production of hydrocholoric acidproduction of hydrocholoric acid

•• carbohydrates requiring digestion in thecarbohydrates requiring digestion in the
newborn are usually lactose, maltose sucrosenewborn are usually lactose, maltose sucrose

Urinary AdaptationsUrinary Adaptations

•• Many infants voidMany infants void
immediately afterimmediately after
birthbirth

•• 93% void by 24hrs.93% void by 24hrs.
After birthAfter birth

•• 98% void by 48hrs98% void by 48hrs

No void by 48hrs.No void by 48hrs.
assess for:assess for:

•• adequacy of fluidsadequacy of fluids

•• assess bladderassess bladder
distentiondistention

•• RestlessnessRestlessness

•• symptoms of painsymptoms of pain

•• notify MD ifnotify MD if
indicatedindicated

Immunologic AdaptationImmunologic Adaptation

Newborns move from theNewborns move from the
sterile, protectedsterile, protected
environment of the uterusenvironment of the uterus
into a world filled withinto a world filled with
potential pathogens andpotential pathogens and
antigens that challengeantigens that challenge
their immature hosttheir immature host
defense mechanismsdefense mechanisms

Immune systemImmune system

•• Possess varyingPossess varying
degrees ofdegrees of
impairment ofimpairment of
nonspecific andnonspecific and
specific immunespecific immune
responsesresponses

•• inflammatoryinflammatory
response andresponse and
phagocytosis arephagocytosis are
alteredaltered

•• These limitations inThese limitations in
the inflammatorythe inflammatory
response result inresponse result in
failure to recognize,failure to recognize,
localize and to tracelocalize and to trace
invasive bacteriainvasive bacteria

Immune systemImmune system

•• Signs and symptoms of infection are oftenSigns and symptoms of infection are often
subtle and nonspecificsubtle and nonspecific

•• the infant has poor hypothalamic responsethe infant has poor hypothalamic response
to pyrogens, therefore fever is not ato pyrogens, therefore fever is not a
reliable indicator of infectionsreliable indicator of infections
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Immune systemImmune system

Three major types ofThree major types of
immunoglobulinsimmunoglobulins
primarily involved inprimarily involved in
immunityimmunity

•• IgGIgG

•• IgAIgA

•• IgMIgM

IgG crosses theIgG crosses the
placentaplacenta

Neonatal SepsisNeonatal Sepsis

•• Infected MotherInfected Mother

–– Prolonged ROMProlonged ROM

–– GBS +GBS +

•• Pneumonia/RDSPneumonia/RDS

•• Hypo/HyperglycemiaHypo/Hyperglycemia

•• Metabolic AcidosisMetabolic Acidosis

•• HypothermicHypothermic

•• Poor FeedingPoor Feeding

Case StudiesCase Studies

Case OneCase One

•• Home DeliveryHome Delivery

•• 33 yr old G1 P033 yr old G1 P0

•• Maternal Diabetes in good controlMaternal Diabetes in good control

•• Fluid clearFluid clear

•• At BirthAt Birth
–– Ht Rate > 100Ht Rate > 100

–– RespirationsRespirations –– 6060

–– GrimaceGrimace

–– CryingCrying

–– FloppyFloppy

Case OneCase One

•• Priorities?Priorities?

•• DiabetesDiabetes

•• Respiratory RateRespiratory Rate

•• FloppyFloppy

•• Support?Support?
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Case OneCase One

•• Within 20 minutesWithin 20 minutes

–– ColorColor -- palepale

–– RespirationsRespirations –– 7272

–– No toneNo tone

–– Grunting and FlaringGrunting and Flaring

•• Now what?Now what?

Case OneCase One

•• Blood SugarBlood Sugar
–– 3434

•• GlucoseGlucose
–– 4ml/kg D25?4ml/kg D25?

•• Fluids?Fluids?

•• OutcomeOutcome
–– Released from NICU to Newborn nursery after serialReleased from NICU to Newborn nursery after serial

blood tests and Glucose infusionsblood tests and Glucose infusions
–– DC from NICU with BGL 58DC from NICU with BGL 58

•• 24 yr old, G2 P124 yr old, G2 P1

•• 36 weeks36 weeks

•• h/o labor for 2 days at homeh/o labor for 2 days at home

•• Presents with c/o pain and UC’sPresents with c/o pain and UC’s

•• SVE 1/th/highSVE 1/th/high

•• Membranes intact no bleedingMembranes intact no bleeding

Case TwoCase Two

•• IVIV

•• HydrationHydration

•• EFMEFM

Case TwoCase Two

•• TT –– 98.2, HR98.2, HR –– 96, BP 98/6096, BP 98/60

•• EFMEFM
–– ContractionsContractions –– abdomen rigid and tender withoutabdomen rigid and tender without

resting toneresting tone

–– Fetal HRFetal HR –– 115 BL115 BL

•• SVESVE –– unchangedunchanged

•• Pulse oxPulse ox –– 85%85%

•• Color pasty pale with sudden cessation of painColor pasty pale with sudden cessation of pain

Case TwoCase Two -- AssessmentAssessment

•• IVIV

•• Terbutaline?Terbutaline?

•• Transport?Transport?

Case TwoCase Two -- TransportTransport
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Baby Comes out of uterus with placentaBaby Comes out of uterus with placenta
completely separated from uteruscompletely separated from uterus

•• Boy Apgars 4 & 6Boy Apgars 4 & 6

–– Cord pH arterial 6.65 Base deficitCord pH arterial 6.65 Base deficit --3232

–– Intubated and placed on ventIntubated and placed on vent

–– Transferred to NICUTransferred to NICU

–– Neurology screen for seizures negativeNeurology screen for seizures negative

–– DC from vent day 2DC from vent day 2

–– Feeding well day 5Feeding well day 5

Case TwoCase Two -- OutcomeOutcome

•• Maternal labs postMaternal labs post--opop

–– H & HH & H -- 6 & 186 & 18

–– PlateletsPlatelets –– 139139

–– Initial DIC screen borderline normalInitial DIC screen borderline normal

–– Transfused 2 units PRBCTransfused 2 units PRBC

•• DIC is the number one consequence ofDIC is the number one consequence of
abruptionabruption

Case TwoCase Two -- OutcomeOutcome


