
APPENDIX A-1 
QUESTION 
Should ETT suction vs. No ETT suction be used for non-vigorous infants born through meconium stained 
amniotic fluid? 
POPULATION: 

INTERVENTION: 

COMPARISON: 

MAIN 
OUTCOMES: 

 
 
 
SETTING: 

PERSPECTIVE: 

BACKGROUND: 

 
 
 
 
 
 
CONFLICT OF 
INTERESTS: 

Non-vigorous infants delivered through meconium-stained amniotic fluid :a systematic review and meta-analysis 

ETT suction 

No ETT suction 

Survival at discharge; Survival at discharge (obs); Mental neurodevelopmental impairment; Motor neurodevelopmental impairment; Hypoxic ischemic 
encephalopathy; Hypoxic ischemic encephalopathy (obs) ; Meconium aspiration syndrome; Meconium aspiration syndrome (obs); Mechanical 
ventilation; Mechanical ventilation (obs); Respiratory support (excluded mechanical ventilation); DR interventions - ETT for PPV; Delivery room 
interventions (chest compressions); Delivery room interventions (chest compressions) (obs); Delivery room interventions (epinephrine); Treatment of 
pulmonary hypertension (iNO, oral medications, ECMO); Length of hospitalization; Length of hospitalization (obs); 

Delivery suites 
 

Up to 20% of all births are affected by meconium stained amniotic fluid. About 5% of those exposed to meconium stained amniotic fluid aspirate the 
fluid into their lungs resulting in significant illness after birth called Meconium Aspiration Syndrome (Wis well 1993, 955; Singh 2009, 497). Infants born 
through MSAF who are nonvigorous represent 1.5% to 3% of all births. When contemplating the worldwide number of births, this question impacts 
significant number of babies annually (Almeida 2017, 576; Qian 2008, 1115; Bhat 2008, 199). 
The controversy around the 2015 recommendation for abandoning routine endotracheal suctioning continues to rage, as evidenced by recent 
randomized trials (Chettri 2015, 1208, Nangia 2016, 79, Singh 2018) and one retrospective study (Chirovolu 2018). Current practice in caring for 
newborns delivered through meconium-stained amniotic fluid includes immediate resuscitation without laryngoscopy, immediate laryngoscopy with 
subjective determination of need for tracheal suctioning and immediate laryngoscopy with tracheal suctioning. 

Authors declare they have not conflicts of interest. 

ASSESSMENT 
Problem 
Is the problem a priority? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don't know 

Up to 20% of all births are affected by meconium stained amniotic fluid. About 
5% of those exposed to meconium stained amniotic fluid aspirate the fluid into 
their lungs resulting in significant illness after birth called Meconium Aspiration 
Syndrome (Wis well 1993, 955; Singh 2009, 497). Infants born through MSAF 
who are non-vigorous represent 1.5% to 3% of all births. When contemplating 
the worldwide number of births, this question impacts significant number of 
babies annually (Almeida 2017, 576; Qian 2008, 1115; Bhat 2008, 199). 
The controversy around the 2015 recommendation for abandoning routine 
endotracheal suctioning continues to rage, as evidenced by recent randomized 

 



 trials (Chettri 2015, 1208, Nangia 2016, 79, Singh 2018) and one retrospective 
study (Chirovolu 2018). Current practice in caring for newborns delivered 
through meconium-stained amniotic fluid includes immediate resuscitation 
without laryngoscopy, immediate laryngoscopy with subjective determination 
of need for tracheal suctioning and immediate laryngoscopy with tracheal 
suctioning. 

 

Desirable Effects 
How substantial are the desirable anticipated effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

● Trivial 
○ Small 
○ Moderate 
○ Large 
○ Varies 
○ Don't know 

Severe asphyxia is a common condition in non-vigorous infants delivered 
through meconium-stained amniotic fluid. Initiating ventilation within the first 
minute of life in non-breathing or ineffectively breathing infants is strongly 
recommended. Delay in initiating ventilation, especially where the provider is 
unable to promptly intubate the infant or suction attempts are repeated, may 
negatively impact critical outcomes (i.e. survival,  long-term 
neurodevelopmental outcomes). On the other hand, elective suctioning of the 
upper airways could reduce incidence and severity of the respiratory disease 
(MAS). If there was a finding of benefit of the intervention, this could be a large 
benefit for the individual, family, and population. However, our review of the 
evidence found no significant benefit. If there was a finding of harm of the 
intervention, this could lead to large degree of harm for the individual, family, 
and population. However, our review of the evidence found no significant 
concern for harm of the intervention. 

 

Undesirable Effects 
How substantial are the undesirable anticipated effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Large 
○ Moderate 
○ Small 
● Trivial 
○ Varies 
○ Don't know 

Severe asphyxia is a common condition in non-vigorous infants delivered 
through meconium-stained amniotic fluid. Initiating ventilation within the first 
minute of life in non-breathing or ineffectively breathing infants is strongly 
recommended. Delay in initiating ventilation, especially where the provider is 
unable to promptly intubate the infant or suction attempts are repeated, may 
negatively impact critical outcomes (i.e. survival,  long-term 
neurodevelopmental outcomes). On the other hand, elective suctioning of the 
upper airways could reduce incidence and severity of the respiratory disease 
(MAS). If there was a finding of benefit of the intervention, this could be a large 
benefit for the individual, family, and population. However, our review of the 
evidence found no significant benefit. If there was a finding of harm of the 
intervention, this could lead to large degree of harm for the individual, family, 
and population. However, our review of the evidence found no significant 
concern for harm of the intervention. 

 

Certainty of evidence 
What is the overall certainty of the evidence of effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 
 



○ Very low 
● Low 
○ Moderate 
○ High 
○ No included studies 

The certainty of evidence was low for the primary outcome (survival at 
discharge) and ranged from very low to low for secondary outcomes 
(neurodevelopmental impairment, incidence of MAS, need for intubation, chest 
compressions and medications in delivery room, duration of hospital stay, 
etc...). 

 

Values 
Is there important uncertainty about or variability in how much people value the main outcomes? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Important uncertainty or 
variability 
○ Possibly important uncertainty 
or variability 
● Probably no important 
uncertainty or variability 
○ No important uncertainty or 
variability 

Despite available studies that were considered to have a high risk of bias, and 
the certainty of evidence ranged from low to very low for the considered 
outcomes, the taskforce considers that there is probably no important 
uncertainty or variability in how much people value the main outcomes. 

 

Balance of effects 
Does the balance between desirable and undesirable effects favor the intervention or the comparison? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Favors the comparison 
● Probably favors the 
comparison 
○ Does not favor either the 
intervention or the comparison 
○ Probably favors the 
intervention 
○ Favors the intervention 
○ Varies 
○ Don't know 

 
The taskforce places value on both harm avoidance (delays in providing bag- 
mask ventilation, potential harm of the procedure) and the unknown benefit of 
the intervention of routine laryngoscopy with or without tracheal intubation and 
suctioning. Routine practice of this intervention for non-vigorous infants is  
more likely to result in delays in initiating ventilation, especially where the 
provider is unable to promptly intubate the infant or suction attempts are 
repeated. In the absence of evidence of benefit for suctioning, the emphasis 
should be on initiating ventilation within the first minute of life in non-breathing 
or ineffectively breathing infants. 

 

Resources required 
How large are the resource requirements (costs)? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 
   



○ Large costs 
○ Moderate costs 
○ Negligible costs and savings 
● Moderate savings 
○ Large savings 
○ Varies 
○ Don't know 

Routine practice of laryngoscopy with or without tracheal intubation and 
suctioning would require increased personnel, training, and equipment. 
Therefore, there would be potentially moderate savings in costs for not 
routinely performing the intervention. On the other hand, equipment for 
suctioning and intubation and trained personnel should be available at every 
delivery (independently from the presence of meconium stained amniotic 
fluid). 

 

Certainty of evidence of required resources 
What is the certainty of the evidence of resource requirements (costs)? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Very low 
○ Low 
● Moderate 
○ High 
○ No included studies 

The costs were not reported in the included studies. However, as the critical 
outcomes (survival at discharge, NDI, MAS) and the important outcomes (i.e. 
need for ventilation, treatment of pulmonary hypertension, duration of 
hospitalization) were similar between intervention and comparison group, the 
certainty of the evidence of the required resources seems to be moderate. 

 

Cost effectiveness 
Does the cost-effectiveness of the intervention favor the intervention or the comparison? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Favors the comparison 
● Probably favors the 
comparison 
○ Does not favor either the 
intervention or the comparison 
○ Probably favors the 
intervention 
○ Favors the intervention 
○ Varies 
○ No included studies 

The critical outcomes (survival at discharge, NDI, MAS) and the important 
outcomes (i.e. need for ventilation, treatment of pulmonary hypertension, 
duration of hospitalization) were similar between the intervention and 
comparison group. As the intervention group would require more equipment 
use, the cost-effectiveness probably favors the comparison group. 

 



Equity 
What would be the impact on health equity? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Reduced 
○ Probably reduced 
○ Probably no impact 
○ Probably increased 
● Increased 
○ Varies 
○ Don't know 

In low-resource settings, equipment and adequately trained personnel to 
perform the intervention are not always available. An intervention that does 
not include direct laryngoscopy with or without tracheal intubation and 
suctioning is more likely to increase health equity globally, including in low- 
resource settings where the largest incidence of non-vigorous infants 
delivered through meconium-stained amniotic fluid occurs. 

 

Acceptability 
Is the intervention acceptable to key stakeholders? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don't know 

The intervention is acceptable to key stakeholders.  

Feasibility 
Is the intervention feasible to implement? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No 
○ Probably no 
● Probably yes 
○ Yes 
○ Varies 
○ Don't know 

From a practical point of view, avoiding routine laryngoscopy with or without 
tracheal intubation and suctioning is feasible and easy to implement. Despite 
new studies that have become available after the 2015 recommendation, this 
review shows that the certainty of evidence remains low or very low. However, 
the uncertainty of these results could limit the implementation of the 
recommendation among clinicians. 

 

 

SUMMARY OF JUDGEMENTS 
 JUDGEMENT 

PROBLEM No Probably no Probably yes Yes  Varies Don't know 

DESIRABLE EFFECTS Trivial Small Moderate Large  Varies Don't know 

UNDESIRABLE EFFECTS Large Moderate Small Trivial  Varies Don't know 
  



CERTAINTY OF EVIDENCE Very low Low Moderate High   No included 
studies 

 
VALUES 

Important 
uncertainty or 

variability 

Possibly important 
uncertainty or 

variability 

Probably no 
important 

uncertainty or 
variability 

No important 
uncertainty or 

variability 

   

 
BALANCE OF EFFECTS 

 
Favors the 
comparison 

 
Probably favors 
the comparison 

Does not favor 
either the 

intervention or the 
comparison 

 
Probably favors 
the intervention 

 
Favors the 
intervention 

 
Varies 

 
Don't know 

RESOURCES REQUIRED Large costs Moderate costs Negligible costs 
and savings 

Moderate 
savings Large savings Varies Don't know 

CERTAINTY OF EVIDENCE 
OF REQUIRED 
RESOURCES 

 
Very low 

 
Low 

 
Moderate 

 
High 

   
No included 

studies 

 
COST EFFECTIVENESS 

 
Favors the 
comparison 

 
Probably favors 
the comparison 

Does not favor 
either the 

intervention or the 
comparison 

 
Probably favors 
the intervention 

 
Favors the 
intervention 

 
Varies 

 
No included 

studies 

EQUITY Reduced Probably reduced Probably no impact Probably 
increased Increased Varies Don't know 

ACCEPTABILITY No Probably no Probably yes Yes  Varies Don't know 

FEASIBILITY No Probably no Probably yes Yes  Varies Don't know 

 
TYPE OF RECOMMENDATION 

Strong recommendation against 
the intervention 

 
○ 

Conditional recommendation 
against the intervention 

 
● 

Conditional recommendation for 
either the intervention or the 

comparison 
○ 

Conditional recommendation for 
the intervention 

 
○ 

Strong recommendation for the 
intervention 

 
○ 

 
 

CONCLUSIONS 
 Recommendation  
For non-vigorous newborns delivered through meconium-stained amniotic fluid, we suggest against routine immediate direct laryngoscopy after delivery with or without 



tracheal suctioning when compared to immediate resuscitation without direct laryngoscopy. Meconium-stained amniotic fluid remains a significant risk factor for receiving 
advanced resuscitation in the delivery room. Rarely, an infant may require intubation and tracheal suctioning to relieve airway obstruction. 

 
 

 Justification  
Overall justification 
The Task Force recognizes that, while the Treatment Recommendation has not changed, several studies have been added to the literature since the last recommendation 

was made. While these studies contribute new evidence regarding this topic, the certainty of the findings remains low or very low due to the difficulty of performing 
unbiased studies of this clinical question as well as failure of the data to reach optimal information size. 
In making this suggestion, we place value on both harm avoidance (delays in providing bag-mask ventilation, potential harm of the procedure) and the unknown benefit of 
routine tracheal intubation and suctioning. 
Routine suctioning of non-vigorous infants is more likely to result in delays in initiating ventilation, especially where the provider is unable to promptly intubate the infant or 
suction attempts are repeated. In the absence of evidence of benefit for routine suctioning, the emphasis should be on initiating ventilation within the first minute of life in 
non-breathing or ineffectively breathing infants born through meconium-stained amniotic fluid. Some newly born infants may receive tracheal intubation in order to clear a 
blocked airway or for subsequent ventilation (Edwards 2019 E68, Kalra 2019). 
 
Detailed justification 
Undesirable Effects 
The Taskforce considered the potential for harm in the procedure of endotracheal intubation and the delay of positive pressure ventilation with the intervention, for which 
there was no evidence of benefit. 
Certainty of evidence 
The certainty of evidence for benefit of the intervention remained low to very low. 
 
Values 
The Taskforce considered that the procedure of laryngoscopy with or without tracheal intubation and suctioning is invasive and has potential for harm. The context of no 
evidence for benefit led to the suggestion against routine practice of the intervention. While immediate intubation and tracheal suctioning after birth is not routinely 
suggested, the likelihood of intubation for resuscitation remains a strong possibility. Therefore, trained personnel and equipment for intubation should be readily available for 
deliveries where meconium stained amniotic fluid is present. This includes the potential use of a meconium aspirator after intubation, as in cases of airway 
obstruction, where the only means of relieving the obstruction could be tracheal suctioning. 

 Subgroup considerations  
The criteria for subgroup analyses were not met. 

 
 
 Implementation  considerations  
Implementation will not require further equipment or resources compared to current practice. There may be a decrease in use of equipment due to reduced use of 
supplies for laryngoscopy, intubation, and suctioning. However, there will not be reduced need for personnel or training. Meconium stained amniotic fluid is a risk factor 
for receiving advanced neonatal resuscitation. Therefore, appropriate personnel and equipment should always be available. 

 
 

 Monitoring and evaluation  
As practice recommendations have changed over the past two decades, and there are no current large clinical trials to inform this question for which there is no evidence  
of benefit, continued monitoring and evaluation is highly recommended. 



 

 Research priorities
  
Despite the addition of several randomized trials focused on this clinical question, the optimal information size is not achieved even with all of the studies taken 
together. The difficulties of performing a study while minimizing the risks of bias due to difficulty with blinding and assessment of outcome make accrual of 
evidence a significant challenge. The priorities for study remain similar to previous versions of the CoSTR: 

• Does the potential for harm (i.e. delay in starting positive pressure ventilation or transient bradycardia/hypoxia, mortality, NDI) outweight the potential for 
benefit (i.e. reduction of MAS, need for mechanical ventilation or treatment of pulmonary hypertension)? 

• Do risks or benefits of intubation with tracheal suctioning vary with any subgroup (gestational age, thickness of meconium, operator experience)? 

• Long-term outcomes should be included in future studies. The neurodevelopmental, behavioral, or educational assessment for future studies should be at 
or after 18 months of age and completed with a validated tool. 

 
 
 
 

  



APPENDIX A-2  
QUESTION 

Should Sustained inflation vs. Standard PPV be used for newborn infants who receive positive pressure ventilation 
due to ineffective breathing or bradycardia at birth?? 
POPULATION: Newborn infants who receive positive pressure ventilation for ineffective breathing or bradycardia at birth? 

INTERVENTION: Sustained inflation 

COMPARISON: Standard PPV 

MAIN OUTCOMES: Short term mortality ( Death during initial hospitalization); Death in the delivery room; Death within first 48 hours; Death at latest follow up; Long term neurodevelopmental or 
behavioral or education outcomes ( > 18 months of corrected age, Test used to assess ND outcome should be of adequate quality and validated); Use of mechanical ventilation 
during hospitalization; Air leaks (pneumothorax, pneumomediastinum, pneumopericardium, pulmonary interstitial emphysema) reported individually or as a composite 
outcome: at anytime during initial hospitalization 
; Air Leaks within first 48 hours; Bronchopulmonary dysplasia, any grade ; Intraventricular hemorrhage: Of any grade ; Intraventricular hemorrhage: grade 3 or above; 
Retinopathy of prematurity: Of any stage ; Retinopathy of prematurity: stage 3 and above; 

SETTING: Delivery room 

PERSPECTIVE:  

BACKGROUND: The physiologic basis for sustained inflation: Infants at birth have fluid filled lungs. For successful transition, this fluid needs to be replaced with air. { Boon 1979 1031 ,Hooper 
2016 266 } Lung aeration is impaired in some infants. These infants present with absent or ineffective breathing at birth, which may be accompanied by bradycardia . { Foglia 
2017 360, Lista 2017 360, McCall 2016 175 } Effective ventilation is the key to successful neonatal resuscitation. Current guidelines recommend starting positive pressure 
ventilation in these infants. { Wyllie 2015 169.} Sustained inflation (SI) breaths at the beginning of positive pressure ventilation may adequately expand the lungs quickly and 
aid in successful transition. { Bruschettini 2017 4953 .} It can be hypothesized that, by allowing optimal respiratory transition, such maneuvers may improve respiratory 
outcomes, including improving early cardiorespiratory stability and reducing risk of bronchopulmonary dysplasia. { Foglia 2017 360. Bruschettini 2017 4953, Kirpalani 2019 
1165} 
 
Evidence for or against sustained inflation: Most newborns are able to clear the fluid in the lungs by generating significant negative pressure (up to -50 cm H2O) during their 
first few breaths.{ Karlberg 1962 121, Milner 1977 918} However, some infants are unable to clear the fluid and establish optimal lung volume during the first few minutes of 
life. Preterm infants with weak respiratory muscles and surfactant deficient lungs are more likely to struggle with this transition. { Foglia 2017 360, McCall 2016 175} Boon et 
al. described that during resuscitation at birth, gas continued to flow and passive inflation occurred in term infants at the end of a 1 second inflation. { Boon 1979 1031 } 
Based on these observations, when term infants were given an initial inflation of 5 seconds, inflation volume increased 2 fold and facilitated spontaneous respirations.{ Vyas 
1981 635} Since then, multiple animal and clinical studies have been conducted. Animal studies have shown SI to be beneficial.{ Crossley 2007 62. Hillman 2013 446. 
Klingenberg 2013 222. Sobotka 2011 56. Te Pas AB 2016 85. te Pas AB 2009 37. te Pas AB 2009 295} While individual studies have shown reduction in delivery room 
intubations, improved heart rate and cerebral oxygenation and reduced duration of mechanical ventilation, some observational studies have questioned the effectiveness of SI 
in infants without spontaneous breaths. { Foglia 2017 360. Lista 2017 360 , McCall 2016 175. Wyllie 2015 169, Fuchs 2011 176. Hunt 2019 17. van Vonderen 2014 903} The 
recently published SAIL trial, which studied the effect of SI in extreme preterm infants was stopped early due to an increase in 48 hour mortality in sustained inflation arm. 
{Kirpalani 2019 1165} 
 
Potential implications of this systematic review: Guidelines across the world have differing recommendations regarding inflation time and pressure for the first few breaths. For 
example, ERC guidelines recommend first five breaths that maintain inflation for 2-3 seconds in infants who are gasping or not breathing while ILCOR, AHA and ANZCOR 
guidelines maintain that there is insufficient evidence to recommend an optimal inflation time. { Wyllie 2015 169, Wyckoff 2015 543. Wyllie 2015 249} SI has become routine 
practice in some hospitals internationally, but it remains unclear if there is sufficient evidence for this practice. { Foglia 2017 360. McCall 2016 175. Wyckoff 2015 543. Wyllie 
2015 249. O'Donnell 2004 583} ILCOR conducted a systematic review and in its 2015 Consensus on Science with Treatment Recommendations (CoSTR), { Wyllie 2015 169} it 
suggested against routine use of initial SI ( greater than 5s duration) for preterm infants but it did allow for consideration of SI in individual clinical circumstances or research 
settings. (Weak recommendation, low-quality of evidence) The CoSTR statement stressed that there was heterogeneity of methods and absence of long term outcomes in the 
studies included in the review. The latest Cochrane systemic review (2017)concluded that “SLI followed by nCPAP in the delivery room decreased the need for MV in the first 72 
hours of life in preterm infants at high risk of respiratory distress syndrome compared with nCPAP alone but did not decrease the need for respiratory support and the 
occurrence of BPD”. { Bruschettini 2017 4953.} Amongst various secondary outcomes, only the duration of mechanical ventilation was decreased in SI group. Since this review, 
further randomized controlled trials including the SAIL trial have been published. {Kirpalani 2019 1165} Given the availability of new studies, it is essential to determine if SI at 
birth is beneficial or harmful in preterm and term infants. This systemic review has potential to impact ILCOR recommendations regarding SI in newborn infants, the guidelines 
generated by ILCOR member organizations and worldwide practice. 
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ASSESSMENT 
Problem 
Is the problem a priority? 
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don't know 

Clearance of lung liquid (aeration of the lungs) immediately after birth is a crucial step in 
establishing gas exchange via the lungs. Research in preterm rabbit pups indicates that an 
initial sustained inflation results in more rapid and stable aeration of the lungs. {te Pas 2009 
537} This has led to studies in newborn infants to determine whether a sustained inflation 
or inflations improves improves outcomes. 
 

• te Pas AB, Siew M, Wallace MJ, Kitchen MJ, Fouras A, Lewis RA, Yagi N, Uesugi K, 
Donath S, Davis PG, Morley CJ, Hooper SB. Establishing functional residual 
capacity at birth: the effect of sustained inflation and positive end-expiratory 
pressure in a preterm rabbit model. Pediatr Res. 2009 May;65(5):537-41. 

• Kirpalani H, Ratcliffe SJ, Keszler M, Davis PG, Foglia EE, Te Pas A, et al. Effect of 
Sustained Inflations vs Intermittent Positive Pressure Ventilation on 
Bronchopulmonary Dysplasia or Death Among Extremely Preterm Infants: The 
SAIL Randomized Clinical Trial. JAMA. 2019;321(12):1165-75 

• Abd El-Fattah N, Nasef N, Al-Harrass MF, Khashaba M. Sustained lung inflation at 
birth for preterm infants at risk of respiratory distress syndrome: The proper 
pressure and duration. J Neonatal Perinatal Med. 2017;10(4):409-17. 

• Hunt KA, Ling R, White M, Ali KK, Dassios T, Milner AD, et al. Sustained 
inflations during delivery suite stabilisation in prematurely-born infants - A 
randomised trial. Early Hum Dev. 2019;130:17-21. 

• La Verde A, Franchini S, Lapergola G, Lista G, Barbagallo I, Livolti G, Gazzolo D. 
Effects of Sustained Inflation or Positive Pressure Ventilation on the Release of 
Adrenomedullin in Preterm Infants with Respiratory Failure at Birth. Am J Perinatol. 
2019;36(S 02):S110-S4. doi: 10.1055/s-0039-1692133. PubMed PMID: 31238370 

• Bruschettini M, O'Donnell CP, Davis PG, Morley CJ, Moja L, Zappettini S, et al. 
Sustained versus standard inflations during neonatal resuscitation to prevent 
mortality and improve respiratory outcomes. Cochrane Database Syst Rev. 
2017;7(7):CD004953-CD 

• Guidelines across the world have differing 
recommendations regarding inflation time 
and pressure for the first few breaths 

• Since last ILCOR Systematic review, new 
large randomized controlled trials have been 
published. 

• Given the availability of new studies, it is 
essential to determine if sustained lung inflation 
(SLI) at birth is beneficial or harmful in preterm 
and term infants 

Desirable Effects 
How substantial are the desirable anticipated effects? 
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 



○ Trivial 
○ Small 
○ Moderate 
○ Large 
○ Varies 
● Don't know 

• For the critical outcome of death within 48 hours, low certainty evidence 
(downgraded for risk of bias and imprecision) from 10 RCTs {Linder 2005 303; 
Lista 2015 e457; Schwaberger 2015 e0138964; Mecadante 2016 443; Jiravisitkul 
2017 68; Ngan 2017 525; El-Chimi 2017 1273; El-Fattah 2017 409; Kirpalani 2019 
1165; La Verde 2019 110} enrolling 1502 preterm newborns who received PPV for 
bradycardia or ineffective respirations at birth showed evidence of harm when 
initiating PPV with SI >1 s compared to initiating PPV with intermittent inflations 
lasting ≤1 s per breath (RR = 2.42; 95% CI 1.15-5.09; I2 = 10%; 18 more 
patients/1000 died within 48 hours with SI [95% CI, 2 more to 51 more per 
1000]) The number needed to harm is 55 [95% CI, 20 - 500]. 

 
• When analyzed in subgroup of newborns < 28 + 0 weeks, For the critical outcome 

of death before discharge, low certainty evidence (downgraded for risk of bias and 
imprecision) from 5 RCTs {Linder 2005 303; Lista 2015 e457; Jiravisitkul 2017 68; 
Ngan 2017 525; Kirpalani 2019 1165} enrolling 862 preterm newborns who 
received PPV for bradycardia or ineffective respirations at birth showed evidence of 
potential harm from initiating PPV with SI >1 s compared to initiating PPV with 
intermittent inflations lasting ≤1 s per breath (RR = 1.38; 95% CI 1.00-1.91; I2 = 
0%; 46 more patients/1000 died before discharge with the SI [95% CI, 0 fewer to 
110 more per 1000]) The number needed to harm is 22[95% CI, 9 
- >1000]. 

• For the all critical and important outcomes except Death w ithin 48 hours 
assessed in the metaanalyses of RCTs, the 95% confidence intervals of relative 
risks (RR) were wide enough to include both potential harm as well as potential 
benefit. Therefore, it is unclear whether the intervention of interest (sustained 
inflation) has desirable effects. 

 
 
See Appendix 1 

 

Undesirable Effects 
How substantial are the undesirable anticipated effects? 
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Large 
● Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don't know 

• For the critical outcome of death within 48 hours, low certainty evidence 
(downgraded for risk of bias and imprecision) from 10 RCTs {Linder 2005 303; 
Lista 2015 e457; Schwaberger 2015 e0138964; Mecadante 2016 443; Jiravisitkul 
2017 68; Ngan 2017 525; El-Chimi 2017 1273; El-Fattah 2017 409; Kirpalani 2019 
1165; La Verde 2019 110} enrolling 1502 preterm newborns who received PPV for 
bradycardia or ineffective respirations at birth showed evidence of harm when 
initiating PPV with SI >1 s compared to initiating PPV with intermittent inflations 
lasting ≤1 s per breath (RR = 2.42; 95% CI 1.15-5.09; I2 = 10%; RD 
0.02 (0.00 to 0.03). The number needed to harm is 50 [95% CI, 33 - >1000]. 

 
• When analyzed in subgroup of newborns < 28 + 0 weeks, For the critical outcome 

of death before discharge, low certainty evidence (downgraded for risk of bias and 
imprecision) from 5 RCTs {Linder 2005 303; Lista 2015 e457; Jiravisitkul 2017 68; 
Ngan 2017 525; Kirpalani 2019 1165} enrolling 862 preterm newborns who 
received PPV for bradycardia or 

 

 



 ineffective respirations at birth showed evidence of potential harm from initiating 
PPV with SI >1 s compared to initiating PPV with intermittent inflations lasting ≤1 
s per breath (RR = 1.38; 95% CI 1.00-1.91; I2 = 0%; RD 0.05 (0.00 to 0.09). 
The number needed to harm 
is 20 [95% CI, 11 - >1000]. 

• For the all critical and important outcomes except Death w ithin 48 hours 
assessed in the metaanalyses of RCTs, the 95% confidence intervals of relative 
risks (RR) were wide enough to include both potential harm as well as potential 
benefit. Therefore, it is unclear whether the intervention of interest (sustained 
inflation) has undesirable effects. 

 
 
See Appendix 1 

 

Certainty of evidence 
What is the overall certainty of the evidence of effects? 
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Very low 
● Low 
○ Moderate 
○ High 
○ No included studies 

Please see the same GRADE table in the box for the "desirable effect" in the above. We considered the overall certainty of evidence as low 
because, for the all the critical and important outcomes 
assessed in the metaanalyses of RCTs, there was serious 
risk of bias and serious imprecision with wide 95% 
confidence intervals for relative risks (RR). 

Values 
Is there important uncertainty about or variability in how much people value the main outcomes? 
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Important uncertainty or variability 
● Possibly important uncertainty or 

variability 
○ Probably no important uncertainty 
or variability 
○ No important uncertainty or variability 

Mortality and neurodevelopmental impairment were deemed critical by the neonatal task 
force and a larger group of neonatal resuscitation experts who ranked the importance of the 
outcomes (see abstract). In addition, parents emphasize the importance of these outcomes. 
 
Strand M, Simon W, Wyllie J, Wyckoff M, Weiner G. Consensus outcome rating for 
international neonatal resuscitation guidelines. Arch Dis Child Fetal Neonatal Ed. 
January 2019. 

Although, death within 48 hours is likely to also be an 
outcomes that parents and clinicians value highly, it may 
be of lower importance given that for the outcome of 
death during the entire hospital stay the systematic review 
could not exclude benefit or harm associated with use of 
SLI. 

 



 Webbe J, et al. Parent, patient and clinician perceptions of outcomes during and following 
neonatal care: a systematic review of qualitative research BMJ Paediatrics Open 
2018;2:e000343. doi:10.1136/bmjpo-2018-000343 

 

Balance of effects 
Does the balance between desirable and undesirable effects favor the intervention or the comparison? 
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

● Favors the comparison 
○ Probably favors the comparison 
○ Does not favor either the intervention or 
the comparison 
○ Probably favors the intervention 
○ Favors the intervention 
○ Varies 
○ Don't know 

Although for almost all critical and important outcomes, the systematic review could not 
exclude either benefit or harm resulting from use of SLI. For the outcome of death within 
48 hours of life, showed harm associated with the use of SLI. In subgroup of preterm 
newborns < 28 +0 weeks, the systematic review showed evidence of potential harm . 

 

Resources required 
How large are the resource requirements (costs)? 
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Large costs 
○ Moderate costs 
○ Negligible costs and savings 
○ Moderate savings 
○ Large savings 
● Varies 
○ Don't know 

No data available. Because the outcome of the review did not find a benefit of 
SI, no additional resources should be required. Had it 
demonstrated benefit, although there are no published cost 
data, it is likely that use of SI would require additional 
resources in resource limited settings. The majority of 
included RCTs delivered sustained inflation with T-piece 
resuscitator. Although it can be delivered with flow inflating 
bag, it cannot be delivered with self-inflating bag. It also 
requires a compressed gas source. 

Certainty of evidence of required resources 
What is the certainty of the evidence of resource requirements (costs)? 
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 



○ Very low 
○ Low 
○ Moderate 
○ High 
● No included studies 

No data available  

Cost effectiveness 
Does the cost-effectiveness of the intervention favor the intervention or the comparison? 
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Favors the comparison 
○ Probably favors the comparison 
○ Does not favor either the intervention or 
the comparison 
○ Probably favors the intervention 
○ Favors the intervention 
○ Varies 
● No included studies 

No data available As above, if SI was recommended, it would be likely to 
result in increased costs in some health care services and 
hospitals. 

Equity 
What would be the impact on health equity? 
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Reduced 
○ Probably reduced 
○ Probably no impact 
○ Probably increased 
○ Increased 
○ Varies 
● Don't know 

No data available Because none of these studies have been done in low 
resourced settings we cannot determine the impact of SLI 
on health equity. 

Acceptability 
Is the intervention acceptable to key stakeholders? 



JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No 
● Probably no 
○ Probably yes 
○ Yes 
○ Varies 
○ Don't know 

No studies have examined acceptability of the intervention, taking into account the 
results of the systematic review. 

Given the increased risk of death within the first 48 hours 
and absence of proven benefit for other critical and 
important outcomes, we believe that routine use of SLI for 
preterm resuscitation will remain unacceptable to many 
stakeholders. We found no studies comparing sustained 
inflation </= 5 seconds with standard resuscitation using 
inspiratory times of < 1 second, but a series of 5short (2-3 
second) inflations is recommended routinely in some 
resuscitation guidelines, implying acceptability in some 
regions of the world. The acceptability of SLI of other 
specific durations for SLI remains unknown. 

Feasibility 
Is the intervention feasible to implement? 
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don't know 

The included studies, conducted in several countries and several of which were 
multicenter, demonstrates feasibility of the intervention. 

Use of sustained inflation is feasible. 

 

SUMMARY OF JUDGEMENTS 
 JUDGEME

NT 
PROBLEM No Probably no Probably yes Yes  Varies Don't know 

DESIRABLE EFFECTS Trivial Small Moderate Large  Varies Don't know 

UNDESIRABLE 
EFFECTS 

Large Moderate Small Trivial  Varies Don't know 

CERTAINTY OF 
EVIDENCE 

Very low Low Moderate High   No included 
studies 

 

VALUES 

 
Important 

uncertainty or 
variability 

Possibly 
important 

uncertainty or 
variability 

Probably no 
important 

uncertainty or 
variability 

No 
important 

uncertainty 
or variability 

   

 

BALANCE OF 
EFFECTS 

 
Favors the 
comparison 

 
Probably favors 

the 
comparison 

Does not favor 
either the 

intervention or the 
comparison 

 
Probably favors 

the 
intervention 

 
Favors the 

intervention 

 
Varies 

 
Don't know 

 
RESOURCES 
REQUIRED 

 
Large costs 

 
Moderate costs 

Negligible costs 
and savings 

 
Moderate savings 

 
Large savings 

 
Varie

s 

 
Don't know 



 JUDGEME
NT 

CERTAINTY OF 
EVIDENCE OF 
REQUIRED 
RESOURCES 

 
Very low 

 
Low 

 
Moderate 

 
High 

   
No included 

studies 

 

COST 
EFFECTIVENESS 

 
Favors the 
comparison 

 
Probably favors 

the 
comparison 

Does not favor 
either the 

intervention or the 
comparison 

 
Probably favors 

the 
intervention 

 
Favors the 

intervention 

 
Varies 

 
No included 

studies 

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don't know 

ACCEPTABILITY No Probably no Probably yes Yes  Varies Don't know 

FEASIBILITY No Probably no Probably yes Yes  Varies Don't know 

 
 

TYPE OF RECOMMENDATION 
Strong recommendation against 

the intervention 
Conditional recommendation 

against the 
intervention 

Conditional recommendation for either 
the intervention or the 
comparison 

Conditional recommendation for 
the intervention 

Strong recommendation for 
the intervention 

○ ● ○ ○ ○ 

 
 
 
CONCLUSIONS 

 

 Recommendation  
For preterm newborn infants who receive positive pressure ventilation due to bradycardia or ineffective respirations at birth, we suggest against the routine use of initial sustained inflation(s) 
greater than 5 seconds. (weak recommendation, low-quality evidence). 

 
For term or late preterm infants who receive positive pressure ventilation due to bradycardia or ineffective respirations at birth, it is not possible to recommend any specific duration for initial inflations 
due to the very low confidence in effect estimates. 

 
 
 
 Justification  
This topic was prioritized by the NLS Task Force following completion of a large RCT {Kirpalani 2019 1165} published after the previous CoSTR in 2015.{Perlman 2015 S204} 

 
• In making these recommendations, the NLS Task Force considered the potential for increased death within 48 hours in preterm infants and increased death before discharge in preterm 
infants <28+0 weeks, a predefined subgroup of the systematic review. The Task Force recognizes that the outcome of death within 48 hours was mainly influenced by one study for which it was one of 
multiple secondary outcomes. {Kirpalani 
2019 1165} The NLS Task Force also considered the absence of evidence for either benefit or harm following sustained inflation at birth for all other critical and important outcomes. 



• The comparison of studies was compromised by methodological heterogeneity among studies, including indication, duration, and use of different inspiratory pressure during sustained 
inflation and the duration for which it was applied. 

 
• No study was identified comparing short duration sustained inflation ( < 5 seconds) with intermittent inflations with inspiratory time ≤ 1 second. There is no new evidence to support or 
refute the practice of inflations < 5 seconds immediately after birth. 

 
• Hunt et al {Hunt 2019 17} was excluded from this systematic review because the control group received short duration sustained inflations (5 inflations of 2-3 s each) and the 
intervention group, sustained inflations of 15 s duration (ineligible as wrong comparator) 

 
• A patent airway is necessary for effective lung inflation or ventilation. A recent study demonstrated that preterm rabbit pups are prone to closure of the larynx which opens only briefly during 
a spontaneous breath, and which impedes noninvasive positive pressure ventilation after birth. {Crawshaw 2017 112}. Studies in preterm infants have shown that very little gas enters the lungs in the 
absence of spontaneous breathing suggesting that the same phenomenon occurs in preterm infants. {Van Vonderen 2014 903, Van Vonderen 2015 514} This PICOST (and most studies) focused on 
use of sustained inflation on newborns who are not breathing effectively, so inadequate patency of the larynx could explain the absence of benefit from sustained inflation immediately after birth in 
preterm infants. In addition, the NLS Task Force noted that mask leak or airway obstruction was not measured in the included studies and therefore, whether or not these factors influenced the 
effectiveness of sustained inflation as applied to the newborns in each study is unknown. 

 
 Subgroup considerations  
The data for preterm infants suggests possible harm from SI. There were no studies available that examined use of SI in 
term infants. 

 
No data was available to compare short duration SI (<5 seconds) to intermittent inflations lasting ≤1 s per breath 

 
 
 
 Implementation considerations  
Since no change in current practice is recommended, there are no implications for 
implementation. 

 
 Monitoring and evaluation  

 
No change in current practice is recommended. 

 
 
 Research priorities  

 
• How much of a role does glottis closure play in determining the effectiveness of sustained inflation in newborn infants of different gestations? 

 
• What is the optimal duration, optimal inspiratory pressure and number of sustained inflation maneuvers that allow establishment of functional residual capacity without barotrauma? 

 
• The NLS Task Force recognizes that the total number of infants studied thus far is insufficient to have confidence in the estimate of effect. Larger multi-center trials are needed in both term 

and preterm newborns to determine whether there are benefits or harms from sustained inflations . 
 

• Studies comparing short duration sustained inflation (< 5 seconds) with intermittent inflations with inspiratory time ≤ 1 seconds are needed. This is an important knowledge gap as the European 
Resuscitation Council currently recommends maintaining inflation for 2-3 seconds for the first five breaths in infants who are gasping or not breathing. 

 
• Is there a role for sustained inflation for other situations in resuscitation such as cardiac compressions? (For more detail see evidence update for NLS 895 
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Outcomes 

 
 

With Standard 
PPV 

 
 

With Sustained inflation 

 
 

Difference 

 
Relative 

effect 
(95% CI) 

Short term mortality ( Death during 
initial hospitalization) 

109 per 1,000 119 per 
1,000 

(90 to 156) 

10 more per 
1,000 

(18 fewer to 47 
more) 

RR 1.09 
(0.83 to 1.43) 

Death in the delivery room 2 per 1,000 6 per 1,000 
(1 to 35) 

4 more per 1,000 
(1 fewer to 33 

more) 

RR 2.82 
(0.45 to 
17.66) 

Death within first 48 hours 13 per 1,000 30 per 
1,000 

(14 to 64) 

18 more per 1,000 
(2 more to 51 more) 

RR 2.42 
(1.15 to 5.09) 

Death at latest follow up 0 per 1,000 0 per 1,000 
(0 to 0) 

0 fewer per 1,000 
(0 fewer to 0 fewer) 

not estimable 

Long term neurodevelopmental or behavioral or 
education outcomes ( > 18 months of corrected 
age, Test used to assess ND outcome should be 

of adequate quality and validated) 

0 per 1,000 0 per 1,000 
(0 to 0) 

0 fewer per 1,000 
(0 fewer to 0 fewer) 

not estimable 

Use of mechanical ventilation during 
hospitalization 

395 per 1,000 343 per 
1,000 

(292 to 402) 

51 fewer per 1,000 
(103 fewer to 8 more) 

RR 0.87 
(0.74 to 1.02) 

Air leaks (pneumothorax, pneumomediastinum, 
pneumopericardium, pulmonary interstitial 
emphysema) reported individually or as a 

composite outcome: at anytime during initial 
hospitalization 

34 per 1,000 42 per 
1,000 

(24 to 74) 

9 more per 1,000 
(9 fewer to 41 

more) 

RR 1.26 
(0.72 to 2.21) 

Bronchopulmonary dysplasia, any grade 274 per 1,000 255 per 
1,000 

(216 to 301) 

19 fewer per 1,000 
(58 fewer to 27 more) 

RR 0.93 
(0.79 to 1.10) 

Intraventricular hemorrhage: grade 3 or above 94 per 1,000 82 per 
1,000 

(59 to 115) 

11 fewer per 1,000 
(35 fewer to 22 more) 

RR 0.88 
(0.63 to 1.23) 

Retinopathy of prematurity: stage 3 and above 128 per 1,000 106 per 
1,000 

(79 to 142) 

22 fewer per 1,000 
(49 fewer to 14 more) 

RR 0.83 
(0.62 to 1.11) 



 

APPENDIX A-3 
QUESTION 
Should any non-standard dose, interval or route (e.g. IO or ETT etc.) of epinephrine (adrenaline) vs. to standard dose 
intravenous epinephrine (adrenaline) (0.01-0.03 mg/kg) at intervals of every 3-5 minutes be used for neonates (of any 
gestation) ≤ 28 days of age who have no detectable cardiac output or who have asystole or heart rate < 60 bpm 
despite ventilation and chest compressions? 
POPULATION: Neonates (of any gestation) ≤ 28 days of age who have no detectable cardiac output or who have asystole or heart rate < 60 bpm despite ventilation and chest 

compressions 

INTERVENTION: Any non-standard dose, interval or route (e.g. IO or ETT etc.) of epinephrine (adrenaline) 

COMPARISON: Standard dose intravenous epinephrine (adrenaline) (0.01-0.03 mg/kg) at intervals of every 3-5 minutes  

MAIN OUTCOMES: Death at hospital discharge; Failure to achieve ROSC; Time to ROSC; Receiving additional dose(s) of epinephrine 

SETTING: 
 

PERSPECTIVE: 
 

BACKGROUND: When the heart is hypoxic and depleted of energy substrate to the point that it actually stops pumping, myocardial perfusion with oxygenated blood must be re-
established. {Kapadia 2013 357} Epinephrine (adrenaline) stimulates α-adrenergic vasoconstriction, which increases the amount of oxygenated blood entering the 
coronary arteries and improves myocardial blood flow. Myocardial blood flow facilitates the synthesis of ATP within myocardial mitochondria, thus enhancing cell 
viability, contractility and return of spontaneous circulation. {Kapadia 2013 357} 
In 2010, the Neonatal Task Force completed a SysRev comparing the endotracheal route to the intravenous route for delivery of epinephrine (adrenaline) and 
concluded that the intravenous route was preferable. {Perlman 2010 S516; Wyllie 2010 e260; Perlman 2010 e1319}. As there had never been a SysRev to evaluate 
the evidence for dose, interval or other routes of delivery, in 2019 the Task Force initiated a new SysRev for the following question.  

CONFLICT OF INTERESTS: MH Wyckoff was co-author on 2 papers included in the review. She was excluded from any decision making regarding selection of articles or analysis or 
interpretation of the results.  

ASSESSMENT 
Problem 

Is the problem a priority? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don't know  

Large, teaching hospital-based studies indicate that 0.5 to 0.6 per 1000 babies remain asystolic 
or severely bradycardic despite assisted ventilation {Halling 2017 232; Barber 2006 1028}. 
Eighty percent of these infants achieved return of spontaneous circulation after administration of 
epinephrine. There is a need to determine the effects of route of administration, dose, or interval 
of administration (when multiple doses are required) on efficacy.  

  

Desirable Effects 
How substantial are the desirable anticipated effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Trivial 
○ Small 

  If ET epinephrine is effective, ET administration, when 
compared with the IV route, could result in a shorter time 



○ Moderate 
○ Large 
○ Varies 
● Don't know  

to provide epinephrine, with the potential for greater 
efficacy.  

Undesirable Effects 
How substantial are the undesirable anticipated effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Large 
● Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don't know  

  Endotracheal administration of epinephrine could result in a 
team's decision to delay establishing IV access. If the 
endotracheal route of administration is ineffective, this 
could result in lower likelihood of an effective dose of 
epinephrine being provided in a timely way.  
Animal studies suggest that IV epinephrine has a greater 
efficacy and a better pharmacokinetic profile than ET 
epinephrine. In asphyxiated term lambs undergoing 
perinatal transition with asphyxia-induced cardiac arrest, 
peak plasma epinephrine concentrations were both higher 
and were achieved earlier after IV epinephrine (right atrium 
470±250ng/mL or low umbilical venous cord 
450±190ng/mL by 1 minute) when compared to the ET 
epinephrine peak level of 130±60 ng/mL at 5 minutes 
(p=0.03), despite a lower IV (0.03 mg/kg) than ET dose 
(0.1 mg/kg). {Valli 2017 004402} 
In the same asphyxiated term lambs undergoing perinatal 
transition with asphyxia-induced cardiac arrest, using the 
same doses, IV epinephrine resulted in a shorter median 
time (interquartile range) to achieve ROSC (2 (1.9-3) than 
ET epinephrine 4.5 (2.9-7.4) minutes, p=0.02). 
In addition, IV epinephrine resulted in higher rates of ROSC 
(19/22 (86%)) than ET epinephrine 12/22 (54%)).  

Certainty of evidence 
What is the overall certainty of the evidence of effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

● Very low 
○ Low 
○ Moderate 
○ High 
○ No included studies  

Comparison between initial ET vs. initial IV epinephrine 
For the critical outcome of death before discharge (O), we have identified very-low-certainty 
evidence (downgraded for risk of bias and imprecision) from one observational study {Halling 
2017 232} in which 50 neonates were treated with epinephrine (P), that showed no significant 
benefit or harm of the initial administration of epinephrine via ET (I) when compared with 
administration via IV (C) (RR, 1.03; 95%CI, 0.62, 1.71; Absolute risk reduction [ARR]; 17 more 
per 1000 neonates died when epinephrine was administered via ET compared to via IV [95%CI, 
209 fewer to 391 more neonates per 1000 neonates died with ET epinephrine]). 
For the critical outcome of failure to achieve ROSC (which equates to death before neonatal 
unit admission) (O), we have identified very-low-certainty evidence (downgraded for risk of bias 
and imprecision) from two observational studies {Barber 2006 1028; Halling 2017 232} in which 
97 neonates were treated with epinephrine (P), that showed no significant benefit or harm of the 
initial administration of epinephrine via ET (I) when compared to administration via IV (C) (RR, 
0.97; 95%CI, 0.38, 2.48; P=0.96; Absolute risk reduction [ARR]; Seven fewer per 1000 
neonates died when the epinephrine was administered via ET compared to via IV [95%CI, 135 
fewer to 322 more neonates per 1000 neonates died with ET epinephrine]).  
For the important outcome of time to ROSC (O), we have identified very-low-certainty evidence 
(downgraded for risk of bias and imprecision) from one observational study {Halling 2017 232} 

 
 
  



which compared in 38 neonates time to ROSC after the treatment with epinephrine (P), which 
showed no significant difference in the time to ROSC after the administration of epinephrine via 
ET (I) when compared to administration via IV (C) (mean difference 2.00 minutes later when the 
epinephrine was administered via ET compared to via IV [95%CI, 0.60 minutes earlier to 4.60 
minutes later when epinephrine was administered via ET]). 
For the important outcome of receiving an additional dose after the initial epinephrine 
administration (O), we have identified very-low-certainty evidence (downgraded for risk of 
bias and imprecision) from two observational studies {Barber 2006 1028; Halling 2017 232} in 
which 97 neonates were treated with epinephrine (P), that showed no significant difference in 
the receipt of an additional dose after the initial administration of epinephrine via ET (I) when 
compared with that via IV (C) (RR, 1.94; 95%CI, 0.18, 20.96; P=0.59; Absolute risk reduction 
[ARR], 654 more neonates per 1000 would receive additional epinephrine dose or doses after 
the initial epinephrine via ET compared to via IV [95%CI, 570 fewer to 1000 more neonates per 
1000 neonates would receive an additional dose or doses after initial epinephrine administration 
via ET than if the epinephrine was given via IV]).  
Comparison the outcomes of infants receiving initial ET epinephrine at 0.03 versus 
0.05mg/kg/dose (post hoc analysis) 
For the critical outcome of survival at discharge (O), we have identified very-low-certainty 
evidence (downgraded for risk of bias and imprecision) from one observational study {Halling 
2017 232} in which 30 neonates were treated with ET epinephrine (P), that showed no 
significant benefit or harm of ET epinephrine at 0.03mg/kg/dose (I) when compared with 
0.05mg/kg/dose (C) (RR, 1.12; 95%CI, 0.50, 2.54; Absolute risk difference [ARD]; 49 more per 
1000 neonates survived when the initial dose of epinephrine was administered at 0.03mg/kg 
compared to 0.05mg/kg [95%CI, 206 fewer to 634 more per 1000 neonates). 
For the critical outcome of No ROSC (O), we have identified very-low-certainty evidence 
(downgraded for risk of bias and imprecision) from one observational study {Halling 2017 232} 
in which 30 neonates were treated with ET epinephrine (P), that showed no significant benefit or 
harm of ET epinephrine at a 0.03mg/kg/dose (I) when compared with a 0.05mg/kg/dose (C) 
(RR, 0.52; 95%CI, 0.12, 2.28; Absolute risk difference [ARD]; 149 fewer per 1000 neonates at 
0.03mg/kg compared to 0.05mg/kg [95%CI, 259 fewer to 376 more per 1000 neonates). 
Except for the comparison between IV vs. ET epinephrine, we did not find any eligible studies 
comparing different routes of administration. 
We did not find any eligible studies comparing different intervals of epinephrine 
administration.  
We did not find any eligible studies comparing different doses of IV epinephrine. 

Values 
Is there important uncertainty about or variability in how much people value the main outcomes? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Important uncertainty or variability 
○ Possibly important uncertainty or 
variability 
○ Probably no important uncertainty or 
variability 
● No important uncertainty or variability  

A recent study finds agreement on the value of the main outcomes {Strand 2019 316942} 
 

Balance of effects 
Does the balance between desirable and undesirable effects favor the intervention or the comparison? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 



○ Favors the comparison 
● Probably favors the comparison 
○ Does not favor either the intervention or 
the comparison 
○ Probably favors the intervention 
○ Favors the intervention 
○ Varies 
○ Don't know  

The current evidence from newborn infants is insufficient, but does not favour initial ET over 
initial IV epinephrine for any important or critical outcome.  
  

The established recommendation is favoured because it is 
not challenged by available animal evidence which in fact 
supports present practice.  
In asphyxiated term lambs undergoing perinatal transition 
with asphyxia-induced cardiac arrest IV epinephrine 
compared to ET epinephrine resulted in a shorter median 
time (interquartile range) of time to achieve ROSC with 2 
(1.9-3) versus 4.5 (2.9-7.4) minutes, p=0.02. 
In addition, IV epinephrine compared to ET epinephrine 
resulted in higher rates of ROSC with 19/22 (86%) versus 
12/22 (54%), respectively. {Valli 2017 004402} 

Resources required 
How large are the resource requirements (costs)? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Large costs 
○ Moderate costs 
● Negligible costs and savings 
○ Moderate savings 
○ Large savings 
○ Varies 
○ Don't know  

No studies have measured the difference in resources required for ET vs IV epinephrine, or any 
different dose or interval of epinephrine in newborn infants.  

Most infants who require epinephrine will require 
endotracheal intubation and at some point, establishment 
of intravenous access. Therefore, in terms of disposable 
equipment, the resources are similar for ET and IV 
epinephrine.  
This recommendation is similar to the previous ILCOR 
treatment recommendation in 2010. Therefore, there are 
no new resource implications for implementation.  

Certainty of evidence of required resources 
What is the certainty of the evidence of resource requirements (costs)? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Very low 
○ Low 
○ Moderate 
○ High 
● No included studies  

  Based on expert opinion, at least one additional 
resuscitation team member is required to establish IV 
access.  

Cost effectiveness 
Does the cost-effectiveness of the intervention favor the intervention or the comparison? 



JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Favors the comparison 
○ Probably favors the comparison 
○ Does not favor either the intervention or 
the comparison 
○ Probably favors the intervention 
○ Favors the intervention 
○ Varies 
● No included studies  

There are no studies that examine cost effectiveness of different routes, doses or intervals of 
administration of epinephrine.  

  

Equity 
What would be the impact on health equity? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Reduced 
○ Probably reduced 
● Probably no impact 
○ Probably increased 
○ Increased 
○ Varies 
○ Don't know  

There are no studies that examine the impacts of route, dose or interval of administration of 
epinephrine for newborn infants on health equity.  

Because epinephrine is not currently available in low 
healthcare resourced settings, equity is not promoted by a 
recommendation for either the intervention of the 
comparator.  

Acceptability 
Is the intervention acceptable to key stakeholders? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don't know  

  Either IV or ET administration of epinephrine is acceptable 
to clinicians.  

Feasibility 
Is the intervention feasible to implement? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don't know  

Either the administration of I V or ET epinephrine is feasible, in well-resourced healthcare 
settings. {Halling 2017 232; Barber 2006 1028} 

The administration of either ET or IV epinephrine is likely 
only to be feasible in locations with moderate or high 
healthcare resources.  
  

SUMMARY OF JUDGEMENTS 



 JUDGEMENT 
PROBLEM No Probably no Probably yes Yes  Varies Don't know 

DESIRABLE EFFECTS Trivial Small Moderate Large  Varies Don't know 

UNDESIRABLE EFFECTS Large Moderate Small Trivial  Varies Don't know 

CERTAINTY OF EVIDENCE Very low Low Moderate High   No included studies 

VALUES 
Important uncertainty 

or variability 
Possibly important 

uncertainty or 
variability 

Probably no important 
uncertainty or 

variability 

No important 
uncertainty or 

variability 
   

BALANCE OF EFFECTS 
Favors the 
comparison 

Probably favors the 
comparison 

Does not favor either 
the intervention or the 

comparison 
Probably favors the 

intervention 
Favors the 

intervention Varies Don't know 

RESOURCES REQUIRED Large costs Moderate costs Negligible costs 
and savings Moderate savings Large savings Varies Don't know 

CERTAINTY OF EVIDENCE 
OF REQUIRED RESOURCES 

Very low Low Moderate High   No included 
studies 

COST EFFECTIVENESS 
Favors the 
comparison 

Probably favors the 
comparison 

Does not favor either 
the intervention or the 

comparison 
Probably favors the 

intervention 
Favors the 

intervention Varies No included 
studies 

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don't know 

ACCEPTABILITY No Probably no Probably yes Yes  Varies Don't know 

FEASIBILITY No Probably no Probably yes Yes  Varies Don't know 

 

TYPE OF RECOMMENDATION 
Strong recommendation against the 

intervention 
Conditional recommendation against the 

intervention 
Conditional recommendation for 

either the intervention or the 
comparison 

Conditional recommendation for the 
intervention 

Strong recommendation for the 
intervention 

○  ○  ●   ○  ○  
 

CONCLUSIONS 
Recommendation 

If the heart rate has not increased to > 60 beats per minute after optimizing ventilation and chest compressions, we suggest the administration of intravascular epinephrine (0.01 to 0.03 mg/kg). (Weak 
recommendation, very low certainty of evidence).  
If intravascular access is not yet available, we suggest administering endotracheal epinephrine at a larger dose (0.05 to 0.1 mg/kg). The administration of endotracheal epinephrine should not delay 
attempts to establish vascular access. (Weak recommendation, very low certainty of evidence). 
We suggest the administration of further doses of epinephrine every 3-5 minutes, preferably intravascularly, if the heart rate remains less than 60 beats per minute. (Weak recommendation, very low 
certainty of evidence). 
If the response to endotracheal epinephrine is inadequate, we suggest that an intravascular dose be given as soon as vascular access is obtained, regardless of the interval. (Weak recommendation, very 



low certainty of evidence). 

 

Justification 
The very limited human infant evidence does not demonstrate greater efficacy of IV vs ET epinephrine. In term lambs undergoing perinatal transition with asphyxia-induced cardiopulmonary arrest: 
· peak plasma epinephrine concentrations were achieved higher and sooner after central venous epinephrine [right atrium 470±250ng/mL or low umbilical venous cord 450±190ng/mL at one minute] than 
after endotracheal epinephrine of 130±60 ng/mL at 5 minutes (p=0.03), despite lower central venous doses (0.03 mg/kg IV vs. 0.1 mg/kg ET).  
· Central venous epinephrine compared to ET epinephrine resulted in a shorter median time (interquartile range) to achieve ROSC with 2 (1.9-3) versus 4.5 (2.9-7.4) minutes, p=0.02, using the same 
lower central venous doses.  
· In addition, central venous epinephrine compared to ET epinephrine resulted in higher rates of ROSC with 19/22 (86%) versus 12/22 (54%) p=0.02, respectively, using the same lower central venous 
doses.  

Subgroup considerations 
There is no evidence on which to differentiate effects on subgroups of infants.  

Implementation considerations 
This recommendation is similar to the previous ILCOR treatment recommendation in 2010 (Route and Dose of Epinephrine NRP-008A, NRP-008B, NRP-009A, NRP-009B);“If adequate ventilation and chest 
compressions have failed to increase the heart rate to > 60 beats per minute, then it is reasonable to use epinephrine despite the lack of human neonatal data. If epinephrine is indicated, a dose of 0.01 to 
0.03 mg/kg should be administered intravenously as soon as possible. If adequate ventilation and chest compressions have failed to increase the heart rate to 60 beats per minute and intravenous access 
is not available, then it is reasonable to administer endotracheal epinephrine. If epinephrine is administered by the endotracheal route, it is likely that a larger dose (0.05 mg/kg to 0.1 mg/kg) will be 
required to achieve an effect similar to that of the 0.01 mg/kg intravenous dose. Higher intravenous doses cannot be recommended and may be harmful.” Therefore, there are no new implications for 
implementation.  

Monitoring and evaluation 
We recommend that health services should monitor the rate of use of epinephrine for newborn resuscitation, together with the outcomes of epinephrine treatment reported in this review. Wherever 
possible, this monitoring should include the characteristics of the infants, the resuscitation measures they have received before epinephrine, the dose(s), route(s) and treatment intervals and any adverse 
effects of treatment. The reasons are that there is unlikely to be high certainty evidence from clinical trials on which to base treatment recommendations about epinephrine doses, administration time 
intervals and delivery routes in the near future. Meanwhile, increasing the number of good quality, published observational studies could offer the best opportunity to validate or improve treatment 
recommendations. Also, rates of epinephrine administration may reflect the quality of earlier steps in resuscitation and could therefore be a valuable benchmark.  

Research priorities 
The following specific gaps in knowledge were identified: 
• Optimal (heart rate) thresholds for administration of epinephrine 
• Potential harms of epinephrine (single or multiple doses) 
• Optimal dose and interval of epinephrine. 
• Optimal route and method of administration of epinephrine. 
• Effect of vasoactive drugs other than epinephrine. 
Since the decision to administer epinephrine needs to be rapid in newborn resuscitation, and the event is rare and unpredictable, adequate ethical randomized trials of human infants with prior parental 
informed consent may be difficult. Prospective, multicentre cluster-randomised trials could be a good option. 
Newborn animal studies that address pharmacokinetics and pharmacodynamics are needed to determine the optimal dose and route of epinephrine are also needed, in order to inform the optimal design 
of human infant studies.  
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APPENDIX A-4 
QUESTION 
IV VS. IO ADMINISTRATION OF DRUGS DURING CARDIAC ARREST - NEONATES 

POPULATION: Neonates in any setting (in-hospital or out-of-hospital) with cardiac arrest (includes severe bradycardia and inadequate perfusion requiring chest compressions). 

INTERVENTIO
N: 

Placement of an intraosseous (IO) cannula and drug administration through this IO during cardiac arrest 

COMPARISON
: 

Placement of an intravenous (IV) cannula (umbilical vein in newly born infants) and drug administration through this IV during cardiac arrest. 

MAIN 
OUTCOMES: 

− Death during event, within 24 hours and before hospital discharge 
− Long term neurodevelopmental outcomes  
− Return of spontaneous circulation (ROSC): any signs of cardiac output with HR > 60bpm, and time to ROSC 
− Brain Injury [HIE stage 2-3 Sarnat (term only), IVH Grades III-IV, PVL (preterm only)]; 
− Time to secure access 
− Morbidity related to IO (osteomyelitis, fracture, epiphyseal plate injury, compartment syndrome, amputation) or to IV (extravasation, embolic phenomenon, phlebitis) 

SETTING: In-hospital (delivery room and neonatal unit) or out-of-hospital 

PERSPECTIVE
: 

Population 

BACKGROUN
D: 

When severe bradycardia (< 60bpm) persists at birth, once ongoing aeration of the lungs is established and chest compressions are coordinated with ventilation, adrenaline 
and/or volume expansion should be given rapidly to increase myocardial blood flow and ensure the best possible chance of return of spontaneous circulation (ROSC).  

Approximately 1/1000 newly born infants receive medications in the delivery room {Perlman 1995 20}, and about 75% of the patients achieve ROSC after intravenous adrenaline 
via the umbilical vein at birth {Barber 2006 1028; Halling 2017 232}. In addition, sick newborns presenting in extremis due to sepsis or congenital heart disease pose a challenge 
for healthcare practitioners to secure a reliable site to provide life-saving medications and fluids.  

In 2010, ILCOR recommended that temporary intraosseous access to provide fluids and medications to resuscitate critically ill neonates may be indicated following unsuccessful 
attempts to establish intravenous vascular access or when caregivers are more skilled at securing intraosseous access {Perlman 2010, S516}. In 2015, the use of IV route for 
newborn resuscitation was not reviewed by ILCOR Neonatal Taskforce {Perlman 2015 S204}. 

IO administration of drugs, fluids or blood may be the only option in intensive care neonatal units, when peripheral IV access in emergencies is not possible, or the umbilical vein 
is closed, as published in one case series with 27 neonates {Ellemunter 1999 F74}, and 15 neonatal case reports {Ghirga 1992 377; Kelsall 1993 324; Martino Alba 1994 529; 
Kakhandki 1997 748; Nasimi 1998 414; Ramet 1998 327; Ellemunter 1999 F74;  Lake 2003 F409; Singh Tomar 2006 202; Heyder-Musolf 2011 654}, but with morbidity related to 
IO access {Vidal 1993 1201; Katz 1994 258; Carreras-Gonzales 2012 233; Oesterlie 2014 413; Suominen 2015 1389].   

In the neonatal simulation setting, IO access is easier and faster than IV access by umbilical vein [Abe 2000,126; Rajani 2011 e954; Schwindt 2018 468}. 

CONFLICT OF 
INTERESTS: 

None 

ASSESSEMENT  
Problem  



Is the problem a priority?  
JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No  
○ Probably no  
○ Probably yes 
● Yes  
○ Varies 
○ Don't know  

Drugs are rarely indicated in resuscitation of the newly born infant. Drug administration varies from 
approximately 1/1000 {Perlman 1995 20} to 5-6/10000 newly born infants in the delivery room {Barber 2006 
1028; Halling 2017 232}. About 75% of patients achieve return of spontaneous circulation after adrenaline by 
umbilical vein at birth {Barber 2006 1028; Halling 2017 232}.  

Regarding very low birth weight infants, 3.9 % receive delivery room cardiopulmonary resuscitation with 
adrenaline {Finer 1999 428}.   

In addition, sick newborns presenting in extremis due to sepsis or congenital heart disease pose a challenge for 
healthcare practitioners to secure a reliable site to provide life-saving medications and fluids.  

  

 
Desirable Effects 

How substantial are the desirable anticipated effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Trivial 
○  Small 
● Moderate 
○  Large 
○  Varies 
○ Don't know 

When severe bradycardia (< 60bpm) persists at birth, once ongoing aeration of the lungs is established and chest 
compressions are coordinated with ventilation, adrenaline and/or volume expansion should be given rapidly to 
increase myocardial blood flow and ensure the best possible chance of return of spontaneous circulation (ROSC). 
IO administration of drugs, fluids or blood may be the only option, when peripheral IV access in emergencies is 
not possible, umbilical vein is closed or the cord stump is dry, making IV administration by umbilical vein almost 
impossible.    

Delay in initiating administration of drugs by umbilical vein, especially when the provider is unable to rapidly reach 
the central venous circulation, may negatively impact critical outcome (i.e. death). If there is a finding of benefit of 
the IO administration, this could be a benefit for the individual, family, and population. 

  

 
Undesirable Effects 

How substantial are the undesirable anticipated effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Large 
● Moderate 
○ Small 
○ Trivial 
○ Varies 
○ Don't know  

IO access in neonates is associated with adverse effects.  

Pharmacokinetics and pharmacodynamics of neonatal resuscitation drugs delivered by IO access have not been 
established. 

IO access in neonates is associated with severe 
complications, including tibial fractures, extravasation of fluid 
and medications resulting in compartment syndrome and 
amputation {Vidal 1993 1201; Katz 1994 258; Ellemunter 
1999 F74; Carreras-Gonzales 2012 233; Oesterlie 2014 413; 
Suominen 2015 1389}.   

IO pharmacokinetics and plasma availability of drugs might 
be not as effective as IV administration.  



Certainty of evidence 
What is the overall certainty of the evidence of effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○  Very low 
○  Low 
○ Moderate 
○ High 
●  No included studies  

The certainty of evidence cannot be established due to the absence of clinical trials or cohort studies with 
neonates during resuscitation that received IO vs IV administration regarding any outcome.  

No published studies are available on IO administration in neonatal resuscitation in the delivery room or in 
emergency department or out of hospital deliveries. 

 

Values 
Is there important uncertainty about or variability in how much people value the main outcomes? 

JUDGEMENT  ADDITIONAL CONSIDERATIONS 

○ Important uncertainty 
or variability  
○ Possibly important 
uncertainty or variability 
○ Probably no 
important uncertainty 
or variability 
● No important 
uncertainty or variability 

Parents and providers are likely to value the outcomes included in this systematic review {Strand 2019 F1} 
 

Balance of effects 
Does the balance between desirable and undesirable effects favor the intervention or the comparison? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor either 
the intervention or the 
comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● Don't know 

The balance between desirable and undesirable effects could not be ascertained due to the absence of clinical 
trials or cohort studies with neonates during resuscitation that received IO vs IV administration regarding any 
outcome.  
  

Case reports suggest that intraosseous lines have the 
potential for serious complications which include amputation 
and frequent misplacement {Fuchs 2018 79; Maxien 2019 1}  

Resources required 
How large are the resource requirements (costs)? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 



○ Large costs 
○ Moderate costs 
○ Negligible costs and 
savings 
○ Moderate savings 
○ Large savings 
○ Varies 
●  Don't know 

We did not identify any studies specifically comparing resources including costs between the two interventions.  
 

Certainty of evidence of required resources 
What is the certainty of the evidence of resource requirements (costs)? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Very low 
○ Low 
○ Moderate 
○ High 
● No included studies 

 We did not identify any studies comparing resources including costs between the two interventions.   

Cost effectiveness 
Does the cost-effectiveness of the intervention favor the intervention or the comparison? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Favors the 
comparison 
○ Probably favors the 
comparison 
○ Does not favor either 
the intervention or the 
comparison 
○ Probably favors the 
intervention 
○ Favors the 
intervention 
○ Varies 
● No included studies 

We did not identify any studies comparing cost-effectiveness between the two interventions. 
 

Equity 
What would be the impact on health equity? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Reduced 
○ Probably reduced 
○ Probably no impact 
○ Probably increased 
○ Increased 
○ Varies 
● Don't know 

 We did not identify any studies addressing health equity. 
 



Acceptability 
Is the intervention acceptable to key stakeholders? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No 
○ Probably no 
○ Probably yes 
○ Yes 
● Varies 
○ Don't know  

Emergency umbilical vein access has been accepted as standard of care for many years in neonatal resuscitation.  In a variety of neonatal simulation settings, IO placement 
was faster than umbilical venous access {Abe 2000126; 
Rajani 2011 e954; Schwindt 2018 468}, but there was no 
assessment of training level in these settings. The relevance 
to the clinical setting is unknown. 

Feasibility 
Is the intervention feasible to implement? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No 
○ Probably no 
○ Probably yes 
○ Yes 
●  Varies 
○ Don't know 

We did not identify any studies comparing feasibility between IO and IV in neonatal resuscitation.  However, there are case reports of successful emergent IO 
placement in neonates.  

SUMMARY OF JUDGEMENTS 
 JUDGEMENT 

PROBLEM No Probably no Probably yes Yes  Varies Don't know 

DESIRABLE EFFECTS Trivial Small Moderate Large  Varies Don't know 

UNDESIRABLE 
EFFECTS Large Moderate Small Trivial  Varies Don't know 

CERTAINTY OF 
EVIDENCE Very low Low Moderate High   No included 

studies 

VALUES 
Important 

uncertainty or 
variability 

Possibly 
important 

uncertainty or 
variability 

Probably no 
important 

uncertainty or 
variability 

No important 
uncertainty or 

variability 
   

BALANCE OF EFFECTS Favors the 
comparison 

Probably favors 
the comparison 

Does not favor 
either the 

intervention or 
the comparison 

Probably favors 
the intervention 

Favors the 
intervention Varies Don't know 

RESOURCES 
REQUIRED Large costs Moderate costs Negligible costs 

and savings 
Moderate 
savings Large savings Varies Don't know 



 JUDGEMENT 
CERTAINTY OF 
EVIDENCE OF 

REQUIRED 
RESOURCES 

Very low Low Moderate High   No included 
studies 

COST EFFECTIVENESS Favors the 
comparison 

Probably favors 
the comparison 

Does not favor 
either the 

intervention or 
the comparison 

Probably favors 
the intervention 

Favors the 
intervention Varies No included 

studies 

EQUITY Reduced Probably 
reduced 

Probably no 
impact 

Probably 
increased Increased Varies Don't know 

ACCEPTABILITY No Probably no Probably yes Yes  Varies Don't know 

FEASIBILITY No Probably no Probably yes Yes  Varies Don't know 

TYPE OF RECOMMENDATION 
Strong recommendation against the 

intervention 
Conditional recommendation against the 

intervention 
Conditional recommendation for either 

the intervention or the comparison 
Conditional recommendation for the 

intervention 
Strong recommendation for the 

intervention 
○  ●  ○  ○ ○  

 

CONCLUSIONS 
Recommendation 

We suggest umbilical venous catheterization as the primary method of vascular access during newborn resuscitation in the delivery room. If umbilical venous access is not feasible, the intraosseous route 
as vascular access during newborn resuscitation is a reasonable alternative (weak recommendation, very low certainty of evidence). 

Outside the delivery room setting, we suggest that either umbilical venous access or the intraosseous route may be used to administer fluids and medications during newborn resuscitation (weak 
recommendation, very low certainty of evidence). The actual route used may depend on local availability of equipment, training and experience. 

 
Justification 

In making this recommendation we recognize the absence of data from human neonatal studies supporting any advantage of intraosseous over umbilical venous access. There are a number of case 
reports of serious adverse effects of intraosseous access in neonates, including tibial fractures, extravasation of fluid and medications resulting in compartment syndrome and amputation {Vidal 1993 1201; 
Katz 1994 258; Ellemunter 1999 F74; Carreras-Gonzales 2012 233; Oesterlie 2014 413; Suominen 2015 1389}.  

The rate of adverse effects attributable to emergency umbilical venous catheterization is unknown. However, public feedback from >2500 public viewings emphasized umbilical access as the technique 
most commonly taught and used whilst recognizing that intraosseous access may be helpful in out of hospital deliveries or in neonatal intensive care units.  

Subgroup considerations 
No data available in neonatal resuscitation.  

Implementation considerations 



Although rarely used, training and maintenance of skills for both emergency umbilical venous catheter and intraosseous placement are important.  

Monitoring and evaluation 
Adverse events should be monitored and reported. 

Research priorities 
KNOWLEDGE GAPS 
There are many knowledge gaps related to IO access and umbilical vein access in newborn during resuscitation due to the absence of clinical trials, cohort studies and case-control studies. Even case series 
or case reports are not available on IO administration in neonatal resuscitation in the delivery room or in emergency department or out of hospital deliveries. 

Specific research is required in preterm and term neonates: 
o Time from the start of CPR to achieve successful IO placement; 
o Time from the start of CPR to achieve successful IV umbilical vein placement; 
o Optimal IO device suitable for newly born infants;  
o Optimal position of IO device (head of humerus, proximal tibia, other) for successful IO access;  
o Short and long-term safety of IO placement during newborn resuscitation;  
o Complications related to emergency umbilical venous catheterization; 
o Pharmacokinetics and plasma availability of drugs following IO compared to IV administration;  
o Training for IO placement and IV umbilical vein placement during neonatal resuscitation;  
o How to best secure and maintain any emergency vascular access devices; 
o Optimal method to determine correct placement of any emergency vascular access device; 
o Do animal and simulation models of IO and umbilical venous catheters placement translate to clinical practice? 
o Success of IO access during neonatal resuscitation outside the delivery room. 
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APPENDIX A-5 
QUESTION 
IMPACT OF DURATION OF INTENSIVE RESUSCITATION - NEONATES 

POPULATION: 
 
INTERVENTI

ON: 

COMPARISO

N: 

MAIN 
OUTCOME
S: 
 
SETTING: 

PERSPECTIV

E: 

BACKGROU

ND: 

Newly born infants presenting with at least 10 minutes of asystole, bradycardia (heart rate <60 beats per minute), or pulseless 
electrical activity after birth for which cardiopulmonary resuscitation is indicated. 

Ongoing cardiopulmonary resuscitation for incremental time intervals beyond 10 minutes after birth. 

Cardiopulmonary resuscitation discontinued at 10 minutes after birth. 

− Survival to any age 
− Long term neurodevelopmental outcomes 
− Composite of survival to any age without moderate or severe neurodisability 

In-hospital (delivery room) 

Population 

There has been an ongoing controversy as to how long after attempted cardiopulmonary resuscitation after birth for asystole, 
profound bradycardia (heart rate <60), or pulseless electrical activity, resuscitation should be continued in the face of poor or 
no response. The balance must be between ceasing too early, when return of spontaneous circulation (ROSC) and long-term 
survival may still be achievable, and continuing too long, when ROSC may occur, but at the risk of limiting parents’ opportunity 
to have contact with and provide comfort to their dying infant, or when survival occurs but with an unacceptable degree of 
neurologic injury. Lack of detectable heart rate or other signs of life, typically reflected by an Apgar Score of zero, have 
classically a criterion for cessation of resuscitation. However, experience shows that ROSC and survival can occur after an 
Apgar Score of 0, either because of inadequacy of clinical detection of heart rate or due to the potential for neonatal organs to 
survive a prolonged pulseless, apneic state. Ongoing cardiopulmonary resuscitation is also indicated for profound bradycardia 
and pulseless electrical activity, states associated with both acidosis and impaired cardiac output from which recovery is 
sometimes, but not always, possible. 
The recommended duration of resuscitative efforts for newborns in the delivery room has variously been 10 or more minutes. 
According to the 2015 ILCOR CoSTR: “An Apgar score of 0 at 10 minutes is a strong predictor of mortality and morbidity in 
late-preterm and term infants. We suggest that, in babies with an Apgar score of 0 after 10 minutes of resuscitation, if the 
heart rate remains undetectable, it may be reasonable to stop resuscitation; however, the decision to continue or discontinue 
resuscitative efforts should be individualized (weak recommendation, very-low-quality evidence).” {Perlman 2015 S204}. 
The controversy has been generated from the following uncertainties: 
(1) It is often not clear whether resuscitation efforts have taken place or been optimal throughout the 10-minute period, 
(2) There may be questions about whether the infant has been pulseless or profoundly bradycardic throughout the 10 
minutes and not just at 10 minutes, and 
(3) The timing of the onset of fetal bradycardia before birth is often unknown. 
(4) The 10-minute threshold has been subjected to further controversy, with published reports from therapeutic hypothermia 



trials of an increasing number of intact survivors after 10 minutes of an Apgar score of 0 {Laptook 2009 1619; Natarajan 
2013, F473}. 



 
 

ASSESSEMENT 
Problem - 
Is the problem a priority? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No Previous ILCOR recommendations {Perlman 2015 S204}, as stated above, were 
based on 6 studies published between 1998 and 2015 {Casalaz 1998 112; 
Harrington 2007 463.e1; 
Kasdorf 2015 F102; Laptook 2009 1619; Patel 2004 136; Sarkar 2010 F423} that 
showed that 75 of 129 infants (58%) with an estimated gestational age of 36 
weeks or greater and an Apgar score of zero at 10 minutes of life died before 22 
months of age. After this review, some important issues continue to bring 
controversy to the question of timing of discontinuing resuscitation efforts: 1) 
most studies reported case series. Population- based studies were not available; 
2) the adequacy of resuscitation procedures and whether prognosis differed 
after prolonged adequate resuscitation were not reported; 
3) several of these studies were done prior to availability of therapeutic 
hypothermia and therefore they may not be representative of contemporary 
clinical care and advice regarding continuation of life support given to families; 4) 
the discussion in most was limited to late preterm and term infants, without any 
consideration of whether different recommendations were needed for more 
preterm infants {Perlman 2015 S204; McGrath 2016 102; Haines 2016 1305; 
Wilkinson 2020 Jan24}. New studies published since 2015, address some of 
these concerns. {Shah 2015 492; Ayrapetian 2017 545; Sproat 2017 F262; 
Zhang 2019 Jun15; Zhong 2019 77; Shibasaki 2020 64} 

 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don't know 

Desirable Effects 
How substantial are the desirable anticipated effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Trivial For the critical outcome of survival until last follow  up, we identified very low 
certainty evidence (downgraded for risk of bias and inconsistency) from 15 
studies {Ayrapetian 2017 545; Casalaz 1998 112; Haddad 2000 1210; Harrington 
2007 463.e1; Jain 1991 778; 
Kasdorf 2015 F102; Natajaran 2013 F473; Patel 2004 136; Sarkar 2010 F423; 
Shah 2015 

Widening the time frame for continuation 
of resuscitative interventions after birth 
(despite a poor response) may have very 
important desirable effects, the most 
important being the possibility of survival 
without severe neurodevelopmental 

○ Small 
○ Moderate 
● Large 
○ Varies 
○ Don't know 

The following Task Force members and other authors declared an intellectual conflict of interest and this was acknowledged and 
managed by the Task Force Chairs and Conflict of Interest committees: Elizabeth E. Foglia and Myra H. Wyckoff authored studies 
cited in the CoSTR that were not included in the systematic review. 
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492; Shibasaki 2020 64; Socol 1994 991; Sproat 2017 F262; Zhang 2019 
Jun15; Zhong 2019 77} reporting outcomes of 470 newborns to last known 
follow up (which ranged 

impairment for neonates 



 from 4 months to 8 years of age). The number of enrolled newborns ranged from 
3 to 177 per study. Across studies, reported survival rates to last follow up 
ranged from 1.7% to 100%. Among all 470 newborns reported in the literature, 
including studies that required survival to NICU admission or enrolment in a 
cooling protocol for inclusion, 187 (39.8%) survived to last follow up. The 
decision was made not to calculate confidence intervals due to the heterogeneity 
of included studies. 
For the critical outcome of neurodevelopmental outcomes among 
survivors, we identified very low certainty evidence (downgraded for risk of bias 
and inconsistency) from 13 studies including 277 infants {Ayrapetian 2017 545; 
Casalaz 1998 112; 
Harrington 2007 463.e1; Jain 1991 778; Kasdorf 2015 F102; Natajaran 2013 F473; 
Patel 
2004 136; Sarkar 2010 F423; Shah 2015 492; Shibasaki 2020 64; Socol 1994 
991; Sproat 2017 F262; Zhang 2019 Jun15}. Neurodevelopmental outcomes 
were assessed in 80 survivors. Thirty (37.5%) did not have moderate or severe 
neurodevelopmental impairment (range 0-100%). There was important 
heterogeneity between studies (and in some cases- within studies) regarding the 
timing and tools used to assess neurodevelopmental outcomes. The decision was 
made not to calculate confidence intervals due to the heterogeneity of included 
studies. 
For the composite critical outcome of survival w ithout neurodevelopmental 
impairment, we identified very low certainty evidence (downgraded for risk of 
bias and inconsistency) from 13 studies of 277 infants {Ayrapetian 2017 545; 
Casalaz 1998 112; Harrington 2007 
463.e1; Jain 1991 778; Kasdorf 2015 F102; Natajaran 2013 F473; Patel 2004 136; 
Sarkar 
2010 F423; Shah 2015 492; Shibasaki 2020 64; Socol 1994 991; Sproat 2017 
F262; Zhang 2019 Jun15} reporting neurodevelopmental outcomes. Among all 
277 infants reported in these studies, 69% died before last follow up, 18% 
survived with moderate to severe impairment, and 11% survived without 
moderate to severe impairment (2% lost to follow up). There was important 
heterogeneity between studies (and in some cases, within studies) regarding the 
timing and tools used to assess neurodevelopmental outcomes. 
The decision was made not to calculate confidence intervals due to the 
heterogeneity of included studies. 

who otherwise would die. Because there is 
sometimes uncertainty about whether all 
resuscitation measures have been 
performed adequately, longer time 
intervals afford greater opportunity to 
summon additional team members or 
telephone advice, and for rechecking the 
adequacy of ventilation and drug delivery 
and that no reversible conditions have 
been missed. A longer duration may also 
allow greater communication among 
resuscitation team members and inclusion 
of the baby’s parent(s) in the decision. 

Undesirable Effects 
How substantial are the undesirable anticipated effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 



● Large 
○ Moderate 

Same as above. Extending the duration of intensive 
resuscitation after birth may also have 
very important undesirable effects. 
Ongoing intervention may be futile and 
still result in 

○ Small  

○ Trivial  

○ Varies  



○ Don't know  failure to achieve return of circulation. This 
has the potential to increase moral distress 
for clinicians or parents without changing 
the outcome for the infant. More 
importantly, ongoing resuscitation may 
result in neonatal survival but with 
increased risk of moderate or severe 
neurodevelopmental impairment, increasing 
the burden on the affected infants and their 
families. 

Certainty of evidence 
What is the overall certainty of the evidence of effects? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

● Very low 
○ Low 
○ Moderate 
○ High 
○ No included studies 

The studies included in this systematic review are 14 case series and one cohort 
nested in an RCT with clinical heterogeneity in population (gestational age), 
setting, cointerventions and time period. All the studies have a high risk of bias: 
selection bias, confounding bias, bias in exposure measurement, in outcome 
measurement and in reporting results, and missing data. The methodological 
quality of the studies makes the certainty of evidence very low. 

 

Values 
Is there important uncertainty about or variability in how much people value the main outcomes? 

JUDGEMENT  ADDITIONAL CONSIDERATIONS 

○ Important 
uncertainty or 
variability 
○ Possibly important 
uncertainty or 
variability 
○ Probably no 
important uncertainty 
or variability 
● No important 
uncertainty or 
variability 

Providers value the outcomes included in this systematic review {Strand 2019 
F1}. Parents have not been extensively surveyed but are considered likely to 
have similar views about the importance of survival and of moderate to severe 
neurodevelopmental disability. 

Individual parents and providers may 
hold different values regarding the 
relative importance of survival and 
neurologic impairment. 

Balance of effects 
Does the balance between desirable and undesirable effects favor the intervention or the comparison? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 



○ Favors the comparison The balance between desirable and undesirable effects probably favors the 
intervention since there is a possibility of survival and survival without moderate to 
severe neurodevelopmental impairment after prolonged resuscitation. Overall 11% 
(30/277) of infants with an Apgar zero or one at 10 minutes survive without 
moderate or severe neurodevelopmental impairment. Moreover, if the infant 
survives resuscitation, 35% will not develop moderate or severe 
neurodevelopmental impairment. However, how long cardiopulmonary 
resuscitation should be provided is still unanswered. The small group of reported 
infants who have a detectable HR only at or after 20 minutes from birth shows 
that intact survival is still possible (survival 15/38 = 38%; survival without 
moderate or severe neurodevelopment impairment 6/39 =15%). However, 
selection bias of the reported case series and cohorts markedly limits the external 
validity of these findings. 

 
○ Probably favors the 
comparison 
○ Does not favor either 
the intervention or the 
comparison 
● Probably favors the 
intervention 
○ Favors the intervention 
○ Varies 
○ Don't know 

Resources required 
How large are the resource requirements (costs)? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

● Large costs 
○ Moderate costs 

We did not identify any studies specifically reporting costs of prolonged resuscitation after 
birth. 

Although costs are not objectively reported, it 
inherently costs more to care for a survivor 
than a non-survivor. All neonates that survive 
prolonged resuscitation will need intensive 
post-resuscitation care, which may include 
neuroprotective strategies, for a variable 
duration. Neonatal intensive care is expensive 
and the additional resources may include a 
wide range of diagnostic and therapeutic 
interventions, such as ventilation, EEG 
monitoring, eventually NIRS monitoring, image 
resources, with emphasis on MRI imaging, and 
therapeutic interventions (hypothermia and 
adjuncts, such as seizure control medication), 
as well as ongoing resources after hospital 
discharge. Therefore, the cost of treatment of 
neonates who survive aggressive and 
prolonged resuscitation is expected to be 
higher than the cost of a non-survivor, even if 
the outcome is good. An adverse outcome can 
have lifelong costs to the family and to society. 
Nevertheless, the absolute number of 
affected infants is small. 

○ Negligible costs and  

savings  

○ Moderate savings  

○ Large savings  

○ Varies  

○ Don't know  

Certainty of evidence of required resources 
What is the certainty of the evidence of resource requirements (costs)? 



JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 



○ Very low 
○ Low 
○ Moderate 
○ High 
● No included studies 

We did not identify any studies specifically reporting costs of prolonged resuscitation after 
birth. 

 

Cost effectiveness 
Does the cost-effectiveness of the intervention favor the intervention or the comparison? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Favors the comparison 
○ Probably favors the 
comparison 

We did not identify any studies specifically assessing the cost effectiveness of 
prolonged resuscitation after birth. 

 

○ Does not favor either  

the intervention or the  

comparison  

○ Probably favors the  

intervention  

○ Favors the intervention  

○ Varies  

● No included studies  

Equity 
What would be the impact on health equity? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ Reduced 
○ Probably reduced 

We did not identify studies addressing health equity. Health equity was not objectively reported 
for prolonged neonatal resuscitation; 
however, one should consider that a 
possibility of reduced equity exists. In the 
first place, extensive neonatal 
resuscitation is generally not 
recommended in low resource settings, 
where face mask ventilation with 21% 
oxygen for non-breathing neonates is the 
focus of the intervention {Kamath-Rayne 
2018 538}. 
Secondly, availability of intensive care 
resources for post-resuscitation care 
differs between high and low resource 
settings. 
Finally, availability of neuroprotective 
strategies also differs among high, medium 

○ Probably no impact  

○ Probably increased  

○ Increased  

○ Varies  

● Don't know  



and low resource settings. Therefore, it is 
likely that 



  prolonged resuscitation would be offered to 
a higher proportion of infants in higher-
resource settings; outcomes may also be 
better in settings with full availability of 
neuroprotective strategies. 

Acceptability 
Is the intervention acceptable to key stakeholders? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No We did not identify studies addressing acceptability of recommendations on 
prolonged resuscitation of newly born infants. 

The inability to predict the individual 
outcome of an infant who receives 
prolonged resuscitation leads to uncertainty 
on the decision-making process in the 
delivery room. Cultural and religious 
differences, including different perceptions 
on the value of extending life, the quality of 
life, and the acceptance of comfort care as 
an option, also influence medical decisions. 
{Cuttini 2000 212; Fanaroff 
2014 701; Schijvers 2018 1710}. 
Therefore, we expect that acceptability of 
the treatment recommendation on a 
matter that ultimately deals with the limits 
of life and death will be modulated by 
cultural differences, which includes 
individual moral and ethical beliefs. 

○ Probably no 
○ Probably yes 
○ Yes 
● Varies 
○ Don't know 

Feasibility 
Is the intervention feasible to implement? 

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS 

○ No All reported studies show that prolonged resuscitation is feasible, although the 
success assessed by survival or by survival without moderate or severe 
neurodevelopmental impairment varies according to several factors that include 
patient characteristics (such as gestational age, timing and cause of arrest), 
timing and procedures performed during resuscitation, availability of post-
resuscitation care and neuroprotective strategies.{Ayrapetian 2017 545; Casalaz 
1998 112; Haddad 2000 1210; Harrington 2007 
463.e1; Jain 1991 778; Kasdorf 2015 F102; Laptook 2009 1619; Natajaran 2013 
F473; 
Patel 2004 136; Sarkar 2010 F423; Shah 2015 492; Shibasaki 2020 64; Socol 1994 

 
○ Probably no 
○ Probably yes 
● Yes 
○ Varies 
○ Don't know 



991; 
Sproat 2017 F262; Zhang 2019 Jun15; Zhong 2019 77} 



SUMMARY OF JUDGEMENTS 
 

 JUDGEME
NT 

PROBLEM No Probably no Probably 
yes 

Yes  Varie
s 

Don't know 

DESIRABLE EFFECTS Trivial Small Moderate Large  Varie
s 

Don't know 

UNDESIRABLE 
EFFECTS 

Large Moderate Small Trivial  Varie
s 

Don't know 

CERTAINTY OF 
EVIDENCE 

Very low Low Moderate High    

 
VALUES 

Important 
uncertainty 

or 
variability 

Possibly 
important 

uncertainty or 
variability 

Probably 
no 

important 
uncertainty 

or 
variability 

No 
important 

uncertainty 
or 

variability 

   

 
BALANCE OF 

EFFECTS 

 
Favors 
the 
comparis
on 

 
Probably 
favors the 
comparison 

Does not favor 
either the 

intervention or 
the comparison 

 
Probably 
favors the 
intervention 

 
Favors 

the 
interventi
on 

 
Varie

s 

 
Don't know 

RESOURCES 
REQUIRED 

Large costs Moderate costs Negligible 
costs and 
savings 

Moderate 
savings 

Large 
savings 

Varie
s 

Don't know 

CERTAINTY OF 
EVIDENCE OF 
REQUIRED 
RESOURCES 

Very low Low Moderate High 
  No 

include
d 
studies 

 
COST 

EFFECTIVENESS 

 
Favors 
the 
comparis
on 

 
Probably 
favors the 
comparison 

Does not favor 
either the 

intervention or 
the comparison 

 
Probably 
favors the 
intervention 

 
Favors 

the 
interventi
on 

 
Varie

s 

 
No 

include
d 
studies 

EQUITY Reduced Probably 
reduced 

Probably 
no 
impact 

Probably 
increased 

Increased Varie
s 

Don't know 

ACCEPTABILITY No Probably no Probably 
yes 

Yes  Varie
s 

Don't know 



FEASIBILITY No Probably no Probably 
yes 

Yes  Varie
s 

Don't know 

TYPE OF RECOMMENDATION 
Strong recommendation against the 

intervention 
○ 

Conditional recommendation against 
the intervention 

○ 

Conditional recommendation for either 
the intervention or the comparison 

○ 

Conditional recommendation for the 
intervention 

• 

Strong recommendation for the 
intervention 

○ 



CONCLUSIONS 
 Recommendation  

Failure to achieve return of spontaneous circulation in newborn infants after 10-20 minutes of intensive resuscitation is associated with a high risk of mortality and a high risk of moderate to 
severe neuroimpairment among survivors. However, there is no evidence that any specific duration of resuscitation consistently predicts mortality or moderate or severe neurodevelopmental 
impairment. If a newborn infant requires ongoing cardiopulmonary resuscitation (CPR) despite completing all the recommended steps of resuscitation and excluding reversible causes, we 
suggest initiating discussion of discontinuing resuscitative efforts with the clinical team and family. A reasonable timeframe for this change in goals of care is around 20 minutes after birth. 
(Weak recommendation, very low certainty of evidence). 

 Justification  
In making this recommendation, we recognize the need to balance the risk of ceasing resuscitation too early, when return of spontaneous circulation and long- term survival may still be 
achievable, and continuing resuscitation for too long, when return of spontaneous circulation may occur but survival is associated with a high risk of severe neurologic injury. The 
appreciable number of survivors who do not have moderate or severe neurodevelopmental impairment after 
≥10 minutes of resuscitation suggests that early cessation of resuscitation may preclude survival of some infants who may have had a good prognosis. 

While an Apgar score of 0 or 1 at 10 minutes is a strong predictor of mortality and morbidity, recent case reports and series have reported favorable outcomes among newborn infants with 
Apgar scores of 0 or 1 at 10 minutes after birth who achieved return of spontaneous circulation and received therapeutic hypothermia. In this subgroup of newborns with severe depression 
at birth, both survival and survival without moderate to severe impairment have been reported. Among 105 such infants reported in the literature with Apgar scores 0 or 1 who were 
successfully resuscitated, were treated with therapeutic hypothermia, and assessed after discharge, 20% survived without moderate to severe impairment and 37% of survivors did not 
have moderate or severe neurodisability {Ayrapetian 2017 545; Kasdorf 2015 F102; Natajaran 2013 F473; Sarkar 2010 F423; Shah 2015 492; Shibasaki 2020 64; Sproat 2017 F262; Zhang 
2019 Jun15}. 

The evidence supporting this recommendation is of very low certainty. However, we value the possibility of survival and intact survival following ongoing resuscitation. In a large multisite 
cohort of 659 newborn infants who survived to discharge following >1 minute chest compressions in the delivery room, 25% of survivors received 10 minutes or more of CPR {Foglia 2020 
pii: S0300-9572(20)30031-9}. This study did not specifically report on infants with 10-minute Apgar scores of zero or one. While these data indicate that survival to discharge is possible 
following a prolonged duration of CPR, neurodevelopmental outcomes among survivors in this study were not reported. 
Extremely limited data are available regarding outcomes of infants who received 20 or more minutes of CPR after birth. Six studies included in this systematic review {Ayrapetian 2017 545; 
Shah 2015 492; Shibasaki 2020 64; Sproat 2017 F262; Zhang 2019 Jun15} reported results for 39 patients in which first detectable heart rate or heart rate ≥100 beats per minute occurred 
at or beyond 20 minutes after birth. Of these patients, 15/39 (38%) survived until last follow up and 6/15 (40%) survivors did not have moderate or severe neuroimpairment. 

The Task Force considered that as well as duration of resuscitation, it was important to consider whether all recommended resuscitation interventions had been provided. Studies suggest 
that the time taken to accomplish steps of a resuscitation up to the point of administration of one or more doses of epinephrine varies widely across studies but may take as long as 20 
minutes {Barber 2006 1028; McKinsey 2016 F244; Halling 2017 232; Sprout 2017 F262}. The variation in the interval from birth to completion of these steps may depend on the 
characteristics and time to attendance of the resuscitation team. Thus, 



using a single time interval after birth to discontinue intensive resuscitation for all newborns implies might mean that in some cases, the full repertoire of recommended resuscitation 
interventions had not yet been provided before cessation of resuscitation. 

Another issue considered by the Task Force is the potential impact for infants and their families. Among the included studies, most deaths occurred either in the delivery room/birth suite or 
during the initial hospitalization. In this systematic review, rates of survival to discharge were similar to rates of survival to last follow up. For those infants who ultimately die in early 
infancy, achieving even this short-term survival may provide the family the time and opportunity to participate in decision making and care of their infant.  Moreover, intact survival is 
possible among surviving infants.  In this systematic review, 38% of surviving infants did not have moderate or severe impairment. 
Given these considerations, we do not recommend a specific duration of resuscitation after which point resuscitative efforts should be ceased. Instead, we suggest that providers consider 
changing the goals of care if a newborn infant has not responded to all recommended steps of resuscitation that are appropriate to the given setting. We acknowledge that cultural and 
religious differences, including different perceptions on the value of extending life, the quality of life, and the acceptance of comfort care as an option, may influence the decision {Cuttini 
2000 212; Fanaroff 2014 701; Schijvers 2018 1710}. 
Ultimately, the decision to initiate and continue resuscitative efforts should be individualized and informed by factors such as gestational age, the presence of congenital anomalies, the 
timing of perinatal insult (if known), the perceived adequacy of resuscitative interventions performed, the family’s stated preferences and values, and the availability of post-resuscitative 
resources such as neonatal intensive care and neuroprotective strategies, such as therapeutic hypothermia. Finally, in low resource settings, where emphasis is given to face mask 
ventilation with 21% oxygen for non-breathing neonates {Kamath-Rayne 2018 538}, advanced resuscitation procedures and prolonging resuscitation may not be an option. Therefore, 
caution must be taken to globally adopt this treatment recommendation, and local/regional discussion and customization are necessary. 
Subgroup Analyses for Specified Outcomes 

Subgroup Studies 
contributin
g 

Infants Survival to 
last follow up 

Assesse
d for 
NDI 

No 
moderate or 
severe NDI 

Survivors assessed 
without moderate or 
severe NDI 

Composite: Survival 
without Moderate or 
Severe NDI 

Population level studies 5 131 17/131 (13%) 15 9 9/15 (60%) 9/131 (7%) 
Therapeutic hypothermia 9 206 122/206 (60%) 57 21 21/57 (37%) 21/105 (20%)* 
Gestational Age ≥36 weeks 12 286 146/286 (51%) 73 23 23/73 (32%) 23/166 (14%)** 
Gestational Age <36 weeks 6 99 34/99 (34%) 8 5 5/8 (63%) 5/42 (12%)*** 

* 8 studies with 105 infants reported post-discharge outcomes; **11 studies with 166 infants reported post-discharge outcomes; ***5 studies with 42 infants reported post-discharge 
outcomes 

 
 Population-level studies: { Casalaz 1998 112; Harrington 2007 463.e1; Jain 1991 778; Sproat 2017 F262; Zhang 2019 Jun15} 
 Studies with any infants treated with therapeutic hypothermia: {Ayrapetian 2017 545; Kasdorf 2015 F102; Natajaran 2013 F473; 

Sarkar 2010 F423; Shah 2015 492; Shibasaki 2020 64; Sproat 2017 F262; Zhang 2019 Jun15; Zhong 2019 77} 
 Studies with any infants born at gestational age >=36 weeks: {Ayrapetian 2017 545; Casalaz 1998 112; Harrington 2007 463.e1; 

Kasdorf 2015 F102; Natajaran 2013 F473; Patel 2004 136; Sarkar 2010 F423; Shah 2015 492; Shibasaki 2020 64; Sproat 2017 F262; 
Zhang 2019 Jun15; Zhong 2019 77} 

 Studies with any infants born at gestational age < 36 weeks {Casalaz 1998 112; Harrington 2007 463.e1; Shah 2015 492; Sproat 2017 
F262; Zhang 2019 Jun15; Zhong 2019 77}. 

Subgroup considerations 



Insufficient details about birthweight precluded the planned subgroup analysis based on birthweight. 
Given the small sample sizes and heterogeneity of study characteristics, there is no strong evidence on which to base any variation in recommendations for specific subgroups of infants. 

 Implementation considerations  
Acceptability of the intervention should be thoroughly discussed in the different settings according to cultural, ethical and moral standards that prevail in each country or region. Optimal 
resuscitation should be available for infants in need, and training of skills and team performance is critical to achieve it. 
Communication with families should be optimized, and whenever possible, parents’ wishes and values must be considered even in urgent and stressful situations. Availability of neonatal 
intensive care and neuroprotective strategies for post-resuscitation care is another aspect that may be considered in the decision process. 

 Monitoring and evaluation  

Monitoring and evaluation of prognosis of infants that receive prolonged resuscitation at birth is extremely important. In addition, although health equity was not objectively reported for 
prolonged neonatal resuscitation, it is possible that prolonged resuscitation may be offered to a higher proportion of infants in higher-resource settings; outcomes may also be better in 
settings with full availability of intensive care and neuroprotective strategies. Since prolonged CPR after birth is relatively rare, an international registry of events, with detailed description of 
procedures and their timing in the delivery room, post-resuscitation care and neurologic outcomes assessed in follow-up would provide essential evidence to inform the discussion of “how 
long is too long.” Such a registry would also provide valuable information on variations in practice regarding duration of resuscitation in different settings. 
 Research priorities  
Many studies only reported outcomes of infants who survived resuscitation and met a specific study eligibility criterion, such as neonatal intensive care unit admission or initiation of 
therapeutic hypothermia. Therefore, estimates of mortality following prolonged resuscitation likely underestimate the actual incidence of death when failed resuscitations are considered. 
Studies accounting for the full population of newborn infants who receive CPR after birth, using consistent definitions of stillbirths and resuscitation failures, are needed to identify the 
incidence of mortality and neurodevelopmental impairment after prolonged resuscitation of term and preterm infants. 
In addition, the extent and timing of resuscitation procedures were not reported in most studies; therefore, prognosis of newborn infants after prolonged resuscitation at birth is inferred from 
the available data. Further, most available studies characterized the infant’s response to resuscitation using the Apgar score at 10 minutes, which is prone to subjective assessment and does 
not provide information about ongoing assessments or response to resuscitation beyond 10 minutes. More granular information about the interval from birth to detectable heart rate using 
objective measures such as electrocardiogram (ECG) and time to return of circulation is needed to inform more precise recommendations regarding the duration of intensive resuscitation 
after birth. Additionally, as ECG has become more frequently used in the delivery room environment, additional information about the presenting rhythm (bradycardia, asystole, pulseless 
electrical activity) preceding chest compressions will be helpful to identify outcomes following these varied presentations. 
Therefore, studies that report outcomes on the full population of infants who present without signs of life and receive intensive resuscitation are needed with: 

− A priori definitions of stillbirths and complete resuscitation attempts 
− Complete description of co-interventions (resuscitation procedures), timing of procedures at birth, and interventions in post-resuscitative care 
− Description of methods to assess the heart rate during resuscitation using objective measures, such as ECG, and report of timing for 

detection of heart rate and heart rate >60 and >100 beats per minute 
− Complete follow up of survivors with accurate and consistent methods of assessment of neurodevelopment, comparable across studies and 

population 
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