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Resuscitation 



Evidence Evaluation Process for 5thEdition 

2000-2005

• Spring, 2003 –Definition of issues

• Fall, 2003  –Development of worksheets

• Dec. 2003 –ILCOR debate (US)

• May, 2004 –NRPSC debate

• Sept., 2004 –ILCOR debate (Europe)

• Feb., 2005 –Evidence Evaluation conference

• March-Dec, 2005 –Development of programs

• Spring, 2006 –Release of NRP, PALS, etc.



Evidence-Based Medicine 

• "An approach to health care practice in 

which the clinician is aware of the evidence 

in support of his/her clinical practice, and 

the strength of that evidence.“

• "The conscientious, explicit, and judicious 

use of current best evidence in making 

decisions about the care of individual 

patients."



Steps in Evidence Evaluation

• Define the question/state the proposed 

guideline.

• Gather the evidence using explicit search 

strategies.

• Classify the evidence by level.

• Critically assess the evidence using quality 

criteria.



Steps in Evidence Evaluation

• Determine the direction of results 

(supportive, neutral, negative).

• Weigh the evidence by level, quality, 

direction, size of treatment effect.

• Establish the Class of Recommendation by 

consensus debate.

• Compose the final guideline(s).



Sources of Evidence

• Only published articles

• Reporting of primary data



LEVEL  OF 

EVIDENCE

DEFINITIONS

LEVEL  1 Meta- analysis or randomized clinical trials  with  definite clinical effect.

LEVEL  2 Meta- analysis or randomized clinical trials  with  unclear clinical 

consequences.

LEVEL  3 Prospective, controlled , non- randomized cohort studies.

LEVEL  4 Historic , non- randomized cohort or case control studies.

LEVEL  5 Human case series: patients compiled in serial fashion , lacking a control 

group.

LEVEL  6 Animal studies or mechanical model studies.

LEVEL  7 Explorations from existing data collected for other purposes, theoretical 

analysis. 

LEVEL  8 Rational conjecture, historical acceptance as standard practice.



Classes of Recommendation
Class I Definitely Recommended 

Class II a Acceptable & Useful; good evidence 

Class II b Acceptable & Useful; fair evidence 

Class III Not Useful; may be harmful 

Indeterminate Minimal evidence or inconsistent 



The ILCOR Consensus Process
Determine the Class of Recommendation



The 
resuscitation 
flow diagram

*



Current controversies – state of debate



Evaluation of colour

where does it fit?



Is resuscitation needed?

Routine Care

NRP 2000
Routine Care

NRP 2006



Is resuscitation needed?

Routine Care

NRP 2006

Colour is gone …



Gestational age 37.7

Birth weight 3036g

SpO2 >75% 207 s

SpO2 >90% 343 s

.

Kamlin, O'Donnell, Davis, Morley.  
SPR 2005. A2050

Normal transition

LOE  5



Normal transition

Rabi Y, Yee W, Chen SY, Singhal N. 

J Pediatrics 2006 148( 5):590-594
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Routine Care

NRP 

2006

NRP 

2000
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Wait 90 seconds



Observational Care
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NRP algorithm

Observational Care
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Supplemental oxygen



The persistently cyanotic baby



Initial steps in NRP



The Initial Steps

1. Decide if resuscitation is needed

2. Provide initial steps of resuscitation 

3. Decide if / when oxygen should be given

4. Exception to “dry the baby”

5. Resuscitate a newborn when meconium 

is present



Provide warmth 



Temperature Regulation in delivery 

room…. 



• Maintaining temperature at the time of birth is one of 

the primary goals of neonatal resuscitation.

• In the premature infant, body temperature can rapidly 

fall in the delivery room, and this occurs it has been 

associated with increased morbidity and mortality

• In the full term infant, elevated maternal as well as 

infant temperature is associated with increased 

neonatal morbidity and mortality. Conversely, induced 

hypothermia in the post-resuscitative period has been 

recently utilized as a neuroprotective  strategy.



Naked truth 

• A naked wet term infant in the delivery 

room placed on an open table with an 

ambient temperature of 25°C will lose 4°C 

in skin temperature and 2°C in core 

temperature within 30 minutes.



Skin temperature in the first 30 minutes of postnatal age 

in term infants 

Abdominal temperature Deep core temperature

Dry warmer

Dry room air

Wet room air

Wet warmer

Wrapped  blanket

Dry warmer

Wrapped blanket

Wet warmer

Dry room air

Wet room air



Hypothermia and the preterm infant
• Hypothermia occurs commonly in low birth weight infants 

following delivery.

• It is more severe in the smallest and most immature infants. 

• Morbidity associated with hypothermia in newly born infants 

includes hypo/hyperglycemia, respiratory distress, hypoxia, 

metabolic acidosis and coagulation defects.

• Many centers throughout the world have reported hypothermia as a 

risk factor for mortality, e.g., in one study, an admitting temperature 

< 35.0oC was associated with increased mortality in the extremely 

preterm infant. (Costeloe et al)

Costeloe K et al. The EPICure study. Pediatrics 2000;106:659–71.



Effect of hypothermia on survival in infants  

< 26 weeks GA

Number of subjects 757 

% with admission 

temperature >35ºC 

59.6% 

Death 

before 

NICU 

discharge

Univariate 

analysis 
0.31 (0.23-0.43) p<0.005

Multivariate 

analysis 
0.58 (0.39-0.85) p<0.006 



Hypothermia in the delivery room

THE  STUDY SUGGESTS THAT: 

„Conventional‟ approach of keeping the DR “draft-

free”with ambient temperature of at least 25 C, drying 

immediately after birth, removing wet towels and 

replacing with prewarmed ones either:

a) is not being achieved consistently, and/or

b) is insufficient to maintain a core temperature of ±37oC in 

the smallest and most preterm infants

LOE  5



Reducing heat loss in VLBW infants

The principle of wrapping a baby in 

transparent polythene, and more 

importantly, polythene with a high 

diathermancy (rate of radiant heat 

transmission), is that evaporative heat losses 

are virtually stopped while heat from a 

radiant source can still penetrate the 

polythene and warm the baby.

CLASS IIa ; LOE 2, LOE 4, LOE 5 



2006

… no oxygen given

The initial steps

Exception to “dry the baby”



“Wet-in-bag” Resuscitation

Gestational 

Age < 28w



Summary of studies on wet-in bag resuscitation

Study LOE Type Subjects Results

Vohra, 2004 2 RCT <28 weeks 36.5 Cvs35.6 C

Vohra, 1999 2 RCT <32 weeks 1.9 C higher 

<28 wk 

subgroup 

Lyon, 2004 4 Retrospective review <29 weeks 37 Cvs<36 C

Lenclen, 2002 4 Matched pair, 

historical control 

<33 weeks < 35.5 C 

8%vs55%

Bjorkland, 

2000

5 Retrospective review <28 weeks >36.5 C in 

74%vs23%



“Wet-in-bag” Resuscitation



Other techniques used in DR

• Drying and swaddling

• Warming pads

• Increased environmental temperature

• Placing infant skin-to-skin with mother and 

covering both of them with blanket

LOE 8

Disadv: not evaluated in controlled trials or 

compared with plastic wrap technique.



Salient changes in temperature control of PT

AAP AHA 2000

• Need of more assistance for 

maintaining normal  

temperature recognized.

AAP AHA 2005

•Recognizes VLBW preterm 
neonates  likely  to  be 
hypothermic  despite use of 
conventional  methods.

•Additional  warming 
techniques  described-
plastic  wrapping.

•Monitor  for  development 
of   hyperthermia.   LOE 2

Vohra et al J Pediatrics 2004



Additional resources and equipment for 

PT delivery

• additional trained personnel

• food-grade, polyethylene bag

• portable warming pad 

• compressed air source

• blended gas

• pulse oximeter

• servo control probe



Maintain the preterm baby‟s 

body temperature

All babies (regardless whether term or preterm) 

under a radiant warmer for    > 10 minutes of age: 

servo control

Avoid hypo and hyperthermia



Clearing the airway of Meconium



Thick or thin meconium?

Wiswell et al 2000



RCT on intrapartum suctioning of meconium

•2514 patients with MSAF of any consistency, GA ≥37 
weeks, cephalic presentation were randomly assigned 
to suctioning of the oropharynx and nasopharynx
(including the hypopharynx) before delivery of the 
shoulders (n=1263), or no suctioning before delivery 
(n=1251). 

•Postnatal delivery-room management followed NRP 
guidelines. 

•The primary outcome was incidence of MAS. 

Vain, N. Lancet364(9434): 597-602: 2004. 



Results 
Category Suction No suction

MAS 52 (4%) 47(4%) 

Ventilation for MAS 24 (2%) 18 (1%) 

Mortality 9 (1%) 4(0·3%) 

No differences in duration of ventilation, oxygen treatment, 
and hospital care were noted as well

Vain, N. Lancet364(9434): 597-602: 2004. 



Predictors for MAS



Davis et al 1985



ET suction of vigorous baby ???



Halliday et al cochrane



No need for intrapartum suction   CLASS I;  LOE  1

Birth: assess 

HR, breathing and tone  

Vigorous: HR>100,good 
breathing ,Good tone 

No tracheal suction 

class I  LOE 1 

Nonvigorous: any parameter 

abnormal 

Initial steps    Tracheal suction

CLASS  Intermediate     



Initial tracheal suction 

Minimal meconium 

Initial steps 

Significant 
meconium 

Assess HR 

Significant 
bradycardia 

No significant 
bradycardia

Repeat tracheal 
suction 



Administration of oxygen



Use of 100% Oxygen During 

Resuscitation 



ñWe started using oxygen for resuscitation 

because it seemed like a good idea. Now we 

use it because we always have.ò

Lefkowitz W. PEDIATRICS2002;517-519.



Current Statement 

• “… Oxygenation and ventilation: 

100%oxygenation is recommended for 

assisted ventilation; however, if 

supplemental oxygen is unavailable, 

positive pressure ventilation should be 

initiated with room air…”



Consensus on Science 

• Oxygen has been shown to offer experimental and 
physiologic advantages for pulmonary vasodilation 
and increased pulmonary blood flow and clinical 
survival advantages for certain resuscitation 
circumstances, especially ventilation/perfusion 
mismatch, diffusion block and persistent pulmonary 
hypertension.

• Excess oxygen has been shown to be associated 
with numerous biochemical markers of oxidative 
stress in animals and these markers have also been 
shown to persist in infants for 28 days after 
resuscitation with 100% oxygen



• Studies examining mean arterial blood pressure, 
cerebral perfusion and rate of normalization of 
various biochemical measures of cell damage in 
asphyxiated animals resuscitated with 100% oxygen 
or air have shown variable results

• one study of CBF in preterm infants found lower 
blood flow in infants exposed to 80% oxygen 
compared to those stabilized with air.



• Numerous animal studies and two human studies 
(Vento,2001 and Vento, 2003) demonstrate biochemical 
evidence for oxidative stress after resuscitation with 
oxygen

• No studies have looked at severe asphyxia and the effect 
of oxygen vs. room air resuscitation with regards to 
lowering pulmonary vascular resistance and other 
outcomes

• Infants with meconium aspiration, perinatal infection 
and “apparent stillbirths” have been excluded from 
many of the human studies; theses infants are at 
increased risk for diffusion block and PPHN and may 
need increased oxygen during resuscitation



ILCOR, 2005 

• Class Indeterminate

• More definitive data is needed, especially in 
the severely asphyxiated infant

• Recommendations may be amended 

• Use supplemental oxygen when necessary and 
encourage the use of blended oxygen and pulse 
oximetry in the delivery room

LOE 2



100% Oxygen vs. Room Air for Neonatal 

Resuscitation

• Five human studies

• Multiple animal studies (comparing 
biochemical reactions to oxygen vs. air)

• Room air as effective as oxygen in neonatal 
resuscitation (for most neonates)

• No difference in long term outcomes

• Does RA ↑pulmonary blood flow and ↓PVR as 
effectively as 100% oxygen?



Key Human Studies 



Meta Analyses of Key Human Studies

• “There is insufficient evidence at present on which to 
recommend: a policy of using room air over 100% oxygen, or 
vice versa, …”

• “Use of back-up 100% oxygen in more that a quarter of infants 
randomised to room air.”

• The pooled analysis showed a significant mortality benefit for 
infants resuscitated with air.

• Causes of death were not given. Most babies in all 5 studies 
were recruited from developing countries. 

• “For term and near term infants, air should be used initially, 
with oxygen as back-up if initial resuscitation fails”



Mortality with Oxygen or Air for Resuscitation- Saugstad, 2005



Oxygen vs. Room Air

• No Level 1or excellent evidence

• All studies are Level 2 evidence 

• No differences in neurological outcomes

• Minimal clinical benefits and some potential theoretical 
benefits.

• Only in the Vento studies were the investigators blinded 
to the resuscitation gas.

• The definition of asphyxia used by all three groups of 
investigators has been challenged.



Potential Areas of Concern for room air 

resuscitation

• Infants born with severe asphyxia (pH<7.00)

• Response of pulmonary vascular resistance to 

room air resuscitation

• Liberal use of oxygen in premature infants

• Inadequacy of oxygen monitoring in delivery 

room.

• Clinical oxygen toxicity in human infants 

undetected by present studies



Does it have to be “all or none”?

Can we titrate oxygen to meet the 

“needs” of the newborn baby?



AAP NRP Guidelines 2006
Babies Born At Term

• Use 100% oxygen when a baby is cyanotic or 
when positive-pressure ventilation is required. 

• If resuscitation is started with less than 100% 
oxygen, administer supplemental oxygen up to 
100% if there is no improvement within 90 
seconds following birth.

• Use of variable concentration of oxygen guided 
by pulse oximetry may improve the ability to 
achieve normoxia quickly.

• If supplemental oxygen is unavailable, use 
room air for positive-pressure ventilation.   
CLASS  INTERMEDIATE



AAP NRP Guidelines 2006
Preterm Babies (<32 Weeks Gestation)

• Use an oxygen blender and pulse oximeter during 
resuscitation.

• Begin PPV with oxygen concentration between room air 
and 100% oxygen.  No studies justify starting at any 
particular concentration.

• Adjust oxygen concentration to achieve an 
oxyhemoglobin saturation that gradually increases toward 
90%.  Decrease the oxygen concentration as saturations 
rise over 90%.

• If heart rate does not respond to >100 bpm, correct 
ventilation problems & use 100% oxygen.



Positive pressure ventilation



Indications 
• Apneic, gasping

• HR < 100 bpm after administering initial steps

• Persistent cyanosis despite administration of 
supplemental oxygen

Effective ventilation can be achieved with flow 

inlating, self-inflating or a T piece   

CLASS II b   LOE  4,5



Devices for PPV

Flow inflating bags Self inflating bags

Pressures generated  exceeds the value 
specified    LOE 6       





Newer devices 
T  piece resuscitator



Neopuff 

• The Neopuff, a purpose-built neonatal resuscitator 

ventilator, facilitates the delivery of the desired 

airway pressures while maximizing the operators 

ability to obtain and maintain a patent airway, and 

facilitates the delivery of prolonged inflations.
Finer et el



The ILCOR Consensus Process
Important Areas in Assisted Ventilation

• Initial Ventilation in Asphyxiated Term Newborns

• Initial Lung Inflation in Preterm Infants

• The use of CPAP during resuscitation of Very 

Premature Infants



What is the optimal pressure and 

inflation time recq for PPV?



Initial Ventilation in Asphyxiated Term

Newborns
Several studies looked  at pressure and volume changes in healthy term 

newborns at the onset of spontaneous respirations:

• Babies produce large negative intrathoracic pressures of up to 

50cm H2O before lung expansion occurs

• 7  /11 babies had formed FRC at the end of the first breath
(Karlberg 1960)

In term infants initial inflations :  

either spontaneous or assisted – create a FRC
LOE 5



Initial Ventilation in Asphyxiated Term

Newborns
Studied IPPV in depressed term infants:

• Ventilating pressures of 30cm H2O provide adequate lung 

ventilation:   LOE 5

FRC Formation:

(Hull 1969)Vyas 1981



Primary goal of ventilation

Improvement in heart rate





NRP: Importance of Heart Rate

Primary

Apnea

Last

Gasp

Secondary or

Terminal Apnea

Onset of

Gasping

Resuscitation

• In the bradycardic 

infant, prompt 

improvement in 

heart rate is the 

primary measure of 

adequate initial 

ventilation.



Improvement

• Increasing HR

• Improving color 

• Spontaneous breathing



Criteria of Effective Treatment

• Gasping  returns  only  after recovery  of  the  circulation

• The  increase  in heart rate (if maintained at a reasonable 

level) is a reliable guide to this recovery
(Cross 1966)

• IPPV is much more effective than hyperbaric O2 in newborn 

rabbits – 85 %  recovered with IPPV alone   ~   4  mins. ...or 

IPPV and cardiac massage
(Campbell 1966)



Initial Ventilation in Asphyxiated Term

Newborns

Observing  an  increase  in heart rate  within 30 seconds is the primary measure  
of adequate initial ventilation.

Human   Studies:

31 full term infants, delivered by c-section, required intubation and 
ventilation

– “IPPV  through  an  endotracheal tube is at least as effective in producing lung 
expansion as is spontaneous respiration”

(Ditchburn 1966)

Demonstrated  that  prompt  increase in heart rate ≥ 130/min. was proof of 
adequate ventilation

(Palme-Kilander 1993)



Initial peak inflating pressures needed……

• Variable

• Unreliable

• Hence should be individualized  according to 

increase in heart rate and or movement of chest 

with each breath



NRP: Optimal Initial Ventilation

• An initial ventilation pressure of 20 cm H2O may be effective 
(ILCOR).

• >30-40 cm H2O may be necessary in some term babies 
(ILCOR).  

CLASS IIb

If pressure is not monitored, the minimal inflation required to achieve an increase 
in heart rate should be used.



NRP:  Inflation Times

There is insufficient evidence to recommend 

optimal initial and subsequent inflation times 

(ILCOR 2005).



Responses to prolonged and slow rise inflation – 9 
babies studied:

thoracic volume, inflation pressure, and intrathoracic pressure have been 

recorded.The initial inflation pressure was maintained for approximately five 

seconds which produced a twofold increase in inflation volume compared to 

standard resuscitation techniques and always led to formation of an FRC. When 

the inflation pressure was increased slowly over three to five seconds, the apparent 

opening pressure which occurred universally in square wave inflation was rarely 

seen.

Vyas et al



……..

• Assisted ventilation should be derived at the 

rate of 40 to 60 breaths per minute to 

promptly achieve and maintain heart rate 

>100 bpm.

CLASS INTERMEDIATE         LOE 8



In summary  



Initial Lung Inflation in Preterm Newborns

• Greater emphasis on improving heart rate

• Less emphasis on good chest wall movement

– Encourages large, potentially damaging inflations to preterm 
infants at a time when their lungs are most susceptable to injury

– The median pressure to cause adequate chest wall expansion was 
22.8 cmH2O in preterms; no infant required a peak inflating 
pressure greater than 30 cmH2O Hird et al



Initial Lung Inflation in Preterm Newborns



Is there a role for Positive End Expiratory 

Pressure (CPAP or PEEP) during Delivery 

Room Resuscitation?



Wolfgang et al   1999



• While PEEP is always used during neonatal 

ventilation 

• There are no current recommendations about the 

use of PEEP and/or CPAP in resuscitation of the 

newborn. 



Animal studies on PEEP at birth in 

preterms

Study outcome comments

Jobe et al Ҩhн ǊŜǉǳƛǊŜƳŜƴǘǎΦ

conserves surfactant 
ҨƘȅŀƭƛƴŜ ƳŜƳōǊŀƴŜ 
formation

ҨǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ 
inflammatory markers

More efficient gas 
exchange

Probyn et al Improved oxygenation

Higher compliance

Might be advantageous

Heulitt et al Increased the WOB

overdistention

Overdistention of normal 
lungs

Disadvantageous 



Use of CPAP in the Delivery Room

Review of literature

Hypotheses:

• CPAP is a safe and effective intervention in newborn 

resuscitation compared to Endotracheal Intubation

• CPAP during resuscitation of very preterm infants will reduce 

oxygen requirements and the need for ventilation

• The use of CPAP will decrease oxygen dependency at 36 wks. 

gestation

Gather evidence:

• 27 articles from human studies 

• 3 articles from animal studies



Use of CPAP in the Delivery Room

If it is necessary to continue PPV, PEEP may be 

beneficial. CLASS  INTERMEDIATE

CPAP in spontaneously breathing preterms after 

resuscitation may also be beneficial.  

CLASS  INTERMEDIATE



Endotracheal intubation



Contraindications to B & M ventilation

• Diaphragmatic hernia

• Non -vigorous baby born through 

meconium stained liquor



Indications for intubation

• Meconium suctioning in non vigorous baby

• Diaphragmatic hernia

• Prolonged PPV

• Ineffective bag and mask ventilation

• Elective

– < 1Kg

– with chest compressions

– for medication



Confirming ET tube placement

• Prompt increase in heart rate- best indicator

LOE 5

• EXHALED CO2 DETECTION

LOE 5



ETT in trachea

• CO2 detector indicator cycles from yellow 
(exhalation) to purple (inspiration)

• Improvement in heart rate and color

• Breath sounds audible over both lung fields but 
decreased or absent over the stomach

• No gastric distention with ventilation

• Vapor condensing on the inside of the tube during 
exhalation

• Symmetrical movement of the chest with each 
breath

not evaluated systematically in neonates



Capnography

• Exhaled CO2 detection is effective for 
confirmation of ET tube placement in infants 
including VLBW           LOE 5

• Capnography had sensitivity and specificity 100%  
compared to auscultation sensitivity 94%  specificity  83%.   
Aziz et al   Bende et al

• The median times (and range) in seconds required for capnographic 
and clinical determinations of tracheal intubation were 9 (4-26) vs. 35 
(18-70), p < 0.001, and for esophageal intubation were 9 (4-17) vs. 30 
(25-111), p = 0.001.             Repetto et al 2001



ILCSOR 2005

• Every baby that is intubated (other than for 

the suction of meconium) should have 

tracheal tube placement confirmed by an 

exhaled CO2 detector.         CLASS IIa

• CO2 detectors should be used as the primary 

method for confirming endotracheal tube 

placement



• Colorimetric devices

• Capnographs

• placed between the 

ETT connector and 

the manual bagging 

system

Exhaled CO2 detector



• cycles with respiration 

from purple to yellow 

when it comes in 

contact with CO2

PurpleYellow

Exhaled CO2 detector



Exhaled CO2 detector

Positive test result – confirms placement of ET in trachea.

Negative test result- strongly suggests esophageal intubation    LOE 5

Yellow- exhalation – CO2



Exhaled CO2 detector

• Indicates placement in the trachea within 2 to 4 

breaths.

• May not turn color when cardiac output or 

pulmonary circulation are minimal (cardiac 

arrest).       LOE 7

• Will not work if wet, or contaminated with 

drugs such as epinephrine. 



Laryngeal mask airway

Insufficient evidence to recommend LMA  as the primary airway 
device for  ventilation in neonatal resuscitation



LMA – its role in neonatal resuscitation

• Effective for ventilation during resuscitation in term and near term 

newborns    LOE 2     LOE  5

• Used by trained care providers

• NOT TO BE USED IN:

– In the setting of meconium stained amniotic fluid

– When chest compression is required

– In VLBW babies

– For delivery of medications               CLASS INTERMEDIATE



Disadvantages

• Gastric insufflation and aspiration. 

– does not separate the respiratory and alimentary tracts

• meticulous attention to the insertion and fixation of the LMA 

• avoidance of excessive positive pressure may eliminate this

• The LMA cuff forms a low pressure seal against the 
larynx. 

– the maximum seal pressure is 20–25 cm H2O  

• Impossibility of suctioning the airway or administering 
drugs endotracheally. 



Advantages v/v ETT

• Avoids laryngoscopy and all of its related adverse effects

• Easier to learn (5-10 times)

• Increased speed & ease of placement (8 sec) 

– Effective PPV obtained in most of the treated patients 
(range 95–99%)

– Adequate oxygenation obtained in a short time (19–60 
seconds).

• Less invasive with respect to the respiratory tract.



Advantages v/v ETT

• Tracheal edema, which may be caused by tracheal 
intubation, is avoided by using the LMA. 

• The patient is subjected to a lower haemodynamic 
stress response during LMA positioning and removal.

• LMA insertion does not require the use of 
neuromuscular blocking agents 

• May be life saving in patients with malformations of 
the upper airway 



• May play an important role where assistance to the 

depressed neonate is offered by staff who have 

difficulty maintaining a high level of intubation 

skills. 

• Further studies are necessary to compare the 

advantages and limits of the LMA in neonatal 

resuscitation and intensive care.



Chest compressions



When to start

• Provide chest compressions if the heart rate remains < 60 
bpm despite adequate assisted ventilation for 30 seconds.

• There are no scientific data to support an evidence-based 
determination as to when to initiate chest compressions 
based on heart rate.

• Initiating compressions for a heart rate <60 bpm is based 
on construct validity (ease of teaching and skill retention).



Techniques of Chest 

Compressions

Thumb method Two-finger method



Preferred technique..

• Two thumb–encircling hands chest compression is the 
preferred technique for chest compressions in newly 
born infants and older infants when size permits. 

Class IIb, LOE 5

• Depress sternum to a relative depth of approximately 
one third of the anterior-posterior diameter of the 
chest, sufficiently deep to generate a palpable pulse. 

(Consensus of the ILCOR Working Group)



Preferred method - thumb
• Advantages

• Better control of depth

• Less tiring

• Superior generation of peak systolic & coronary 
perfusion pressure- due to simultaneous sternal 
compression with lateral compression       
Menegazzi et al LOE 5 Houri et al LOE  6

• Higher sternal compression force

• Nails do not hinder performance

• Disadvantages

• Difficult when baby is big

• Umbilicus difficult to cannulate.



Compression

• One compression consists downward compression 

plus the release

• Actual distance is not a number but depends on 

size of baby

• Duration of the downward stroke should be 

shorter than release to produce max COP



Preferred site…….

• Compressions should be delivered on lower third 

of sternum to a depth of one third the AP diameter 

of the chest.

• Phillips et al- in most of the neonates the center of the heart is 

positioned at lower third of sternum



Chest Compressions and PPV

• Chest compressions must always be accompanied by 

positive-pressure ventilation

• Coordinate chest compressions and positive-pressure 

ventilation

• One ventilation interposed after every third compression

• 30 breaths and 90 compressions per minute 
CLASS INTERMEDIATE

• Discontinue chest compressions when the heart rate is…

> 60 beats per minute.       CLASS IIa  LOE  8



Medications



NRP 2006 Algorithm

With skillful and timely 

implementation of 

resuscitation steps, 99% of 

newborns will improve 

without the need for 

medications



MEDICATIONS

• Epinephrine

• Volume expansion

• Naloxone

• What about Bicarb?



Epinephrine administration 



“If the heart rate remains below 60 
bpm, despite administration of 
ventilation and chest compressions, 
your first action is to ensure that 
ventilation and chest compressions 
are being given optimally and that 
you are using 100% oxygen” 



Preferred route- ET or IV

• ET epinephrine in animal studies showed a 

positive effect but the doses were much higher 

than recommended.   Ralston et al   LOE 6

• When current recommended doses were used there 

was no effect.       kleinman et al        LOE 6

• while access is being obtained, administration of 

higher dose (upto 0.1mg/kg) through the et tube 

may be considered CLASS INTERMEDIATE

but safety is not evaluated



High dose vs low dose?

Maria et al 



IV epinephrine

• Recommended iv dose is 0.01 to 0.03mg/kg per 
dose.

• Higher doses associated with exaggerated 
hypertension, decreased myocardial function and 
worse neurological function at doses of 0.1mg/kg.

Berg et al LOE 6              Perondi et al LOE 7

• IV dose of 0.01-0.03mg/kg is the preferred 
route.

CLASS IIa



άLŦ ǘƘŜ ōŀōȅ ŀǇǇŜŀǊǎ ǘƻ ōŜ ƛƴ 
shock and is not responding to 
resuscitation, administration 
of a volume expander may be 
ƛƴŘƛŎŀǘŜŘέ 

Shock   - hypovolemia



Volume Expansion

• Indicated when there is no response to 
resuscitation and there is evidence of blood loss or 
hypovolemia 

• Repeated doses may be necessary if there is 
minimal response after the first dose

• Umbilical vein remains preferred route but 
intraosseous acceptable            class IIb



Medication Administration via 

Umbilical Vein

• Preferred route for 

intravenous access

• 3.5F or 5F end-hole 

catheter

• Sterile technique

Placing catheter in 

umbilical vein



Intraosseous Vascular Access

• IO route is recommended when other routes are 

not available/unsuccessful.  

• IO route may be established first in out-of-hospital 

locations or when providers with skills at 

providing venous access are not available

Class II b recommendation



Volume Expanders

• Isotonic crystalloid is the preferred solution for 

volume expansion in neonatal resuscitation
Class IIa recommendation

• O-negative blood used for large volume blood loss



Volume Expanders

Dose and Rate:

• 10 ml /kg slow IV push

“Acute hypovolemia resulting in a need for 

resuscitation, should be corrected fairly quickly 

although some clinicians are concerned that rapid 

administration in a newborn my result in intracranial 

hemorrhage, particularly in preterm infants .  No 

clinical trials have been conducted to define an optimal 

rate, but  a steady infusion rate over 5 – 10 minutes is 

reasonable”



Albumin

• Observed association with increased mortality in 

adults (Cochrane review, BMJ 1998)

• Potential transmission of infectious agents

• Limited availability

• Studies have shown that it is volume of fluid 

infused rather than solute load that corrects 

hypotension (Emery, Arch Dis Child 1992)



Naloxone

• No studies examining the recommended dose of 0.1mg/kg 
in any clinical situation in newborns.

• Endotracheal route has been evaluated in adults but no 
evidence for the use of this route in newborns.

• ET administration of naloxone is not recommended.

CLASS INTERMEDIATE

• Not necessary during the acute phase of resuscitation

“Giving a narcotic antagonist is not the correct first 
therapy for a baby who is not breathing.  The first 
corrective action is positive pressure ventilation”



Naloxone

• Indications for use:

– Continued respiratory depression after PPV has 

restored a normal heart rate and colour

AND

– History of maternal narcotic administration in the 4 

hours prior to birth

• Contraindicated in presence of maternal narcotic 

dependence 

Class Indeterminate



Sodium Bicarbonate

“Sodium bicarbonate is discouraged during brief 

CPR but may be useful during prolonged arrests 

after adequate ventilation is established and there 

is no response to other therapies”
Class II b

• Administration of sodium bicarbonate during neonatal 

resuscitation did not help to improve survival or immediate 

neurological outcome. Lokesh et al



Guidelines for withholding and 

discontinuing resuscitation



Withholding resuscitation

• Confirmed gestational age of less than 23 weeks 

or birth weight less than 400 gm

• Anencephaly

• Confirmed trisomy 13 or 18

• If parents wish: confirmed gestational age of 24-

25 weeks                         CLASS  II a

Based on your survival rates and local policy



Indicated………

• In conditions ass with high rate of survival and 

acceptable morbidity, resuscitation is nearly 

always indicated 

• Includes >26wk, most congenital malformations.

CLASS  IIa



1994 Canadian 

Recommendations

• < 23 wks: resuscitation not offered (no choice)

• 230-6 wks: discourage resuscitation; parental informed 
decision

• 240-6 wks: parental informed decision

• 250-6 wks: recommend resuscitation

• > 26 wks: active resuscitation & treatments (no choice)



Parents role….

• In uncertain prognosis, borderline survival, high 

morbidity – parental desires concerning 

resuscitation should be supported

CLASS INTERMEDIATE



When to stop resuscitation?

• No heart rate after 10 minutes of complete 

and adequate resuscitation

• No evidence of other causes of compromise

CLASS  II b





• Jain, J Paeds 1991

– 93 apparently stillborn infants with Apgars of 0 

at 1 minute of age

– 33 survived, 14 with “normal outcome”

– 58/93 infants had an Apgar of 0 at > 10 minutes

• Only one survived and had an abnormal outcome



Post Resuscitation Care



Temperature regulation

in the term infant post resuscitation 

• Accumulating evidence indicates that some 
of the mechanisms mediating neuronal 
death following ischemia are temperature 
dependent.

• Mild to moderate decreases in brain 
temperature may increase the resistance of 
the brain to brief periods of ischemia, 
whereas increases in temperature have the 
opposite effect.



Post-resuscitation care  

for the premature infant

Considerations:

• monitor blood sugars

• monitor apnea and bradycardia

• give appropriate amount oxygen and ventilation

• give feeds slowly and cautiously while 

maintaining IV nutrition

• suspect infection 



Hypothermia and brain injury

A reduction of body temperature by 2-3°C (modest 

hypothermia) following cerebral hypoxia-ischemia 

improves cerebral metabolic and biochemical disturbances, 

reduces cerebral injury and improves function in 

experimental neonatal models

Gunn et al J Clin Invest 1997;99:248, Laptook Pediatr Res 1997;42:17, 

Thoresen et al  2001;49:594, HACA NEJM 2002;346:549, Bernard NEJM 

2002;346:557

LOE 6



Effect of modest hypothermia on hypoxic-

ischemic brain injury in fetal sheep

Gunn et al JCI 1997;99:248



Hypothermia after perinatal asphyxia in term 

infants: Outcome

• Selective head cooling to a rectal temperature of 34-35ºC 
for 72 h

• No significant difference in overall mortality or incidence 
of severe neurodevelopmental disability at 18 months

• Significant decrease in severe neurodevelopmental 
disability at 18 months in moderately affected group (as 
defined by aEEG)

• No difference in morbidities between control and treated 
groups

Gluckman et al Lancet 2005; 365:663



Maternal fever and neonatal depression

• Infants whose mothers maximum temperature was >101ºF as compared to 
infants of afebrile women were more likely to require bag and mask 
resuscitation (11.5% vs 3.0%)*.

• In a second study, the perinatal event most commonly associated with a 5-
minute Apgar score ≤5 in term infants was maternal fever, observed in 
32% of cases**.

• In a logistic regression analysis controlling for confounding factors, 
intrapartum fever was associated with a 3-4-fold increase in the risk of 
unexplained neonatal seizures (OR = 3.4, 95% CI = 1-9)*.

• Intrapartum fever was also a risk factor for neonatal seizures in a 
retrospective cohort analysis amongst 11,246,042 singleton live births**.

Lieberman Pediatr 2000;105:8 *, Perlman Clin Pediatr 1999; 38:287**

LOE 4



Goal in temperature regulation

• Hyperthermia should be avoided.

CLASS IIb

• Achieve normothermia.

ie: all babies who remain under a radiant 

warmer by 10 min of age should have a 

servo control probe placed 



Blood glucose stabilization



• Low blood sugars has been associated with 

adverse neurological outcome   LOE 6

• Animal studies- associated with larger areas of 

cerebral infarction or decreased survival or both.

vanucci et al  LOE 6



• Salhab et al

association between hypoglycemia and poor neurological 

outcome    LOE 4



• No clinical studies inv relationship between 

hyperglycemia and neurological outcome.

• Adult study- worse outcome.    LOE 7

Conclusion :

• Infants requiring significant resuscitation 

should be monitored and treated to maintain 

blood sugars in the normal range.

CLASS INTERMEDIATE


