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1.1 Statement of Problem 
At the present time, there is no recommendation or standard teaching regarding the 

early use of CPAP/PEEP during resuscitation and continuing after NICU admission for the 
extremely low birth weight (ELBW) infant. However, a number of studies, mostly retrospective in 
nature, have suggested that the use of early CPAP may be associated with improved outcomes, 
including a decreased need for mechanical ventilation, a decreased need for surfactant therapy, 
and a decrease in oxygen supplementation and/or death at 28 days after birth and at 36 weeks 
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While prevention of hyperoxia may decrease the risk for ROP and CLD, efforts to 
maintain lower oxygenation levels may result in an increase in periods of hypoxemia because of 
the marked variability in oxygen in ELBW infants. Thus, it is necessary to determine if lower 
oxygenation levels that may prevent ROP and CLD are deleterious for brain development and 
result in impaired neurologic outcome. 

1.3 Animal Studies 
Nilsson et al demonstrated that the use of 5 cm H2O PEEP in the initial ventilation of 

premature rabbit pups resulted in increased lung-thorax compliance, and reduced the extent of 
bronchiolar epithelial lesions seen with mechanical ventilation 8. The use of early PEEP starting 
at delivery, improves the response to surfactant, improves lung mechanics increases surfactant 
pools, and reduces lung injury. 9,10 

More recently studies by Jobe et al have demonstrated that premature lambs treated 
with CPAP alone at birth had significantly decreased neutrophils and hydrogen peroxide in their 
alveolar wash when compared with animals who were ventilated from birth.11 

1.4 Human Experience: Ventilatory Support 
CPAP was introduced by Gregory et al in 1970 and was shown to improve gas 

exchange and outcomes in preterm infants with respiratory distress.12 A subsequent review of 
CPAP for respiratory distress concluded that “ In preterm infants with RDS the application of 
CDP either as CPAP or CNP is associated with benefits in terms of reduced respiratory failure 
and reduced mortality. CDP is associated with an increased rate of pneumothorax. The 
applicability of these results to current practice is difficult to assess, given the intensive care 
setting of the 1970s when four out of five of these trials were done.” 13 

There is now a body of information from Europe that provides further evidence that early 
CPAP can reduce the need for intubation in a significant number of VLBW infants. Jonsson et al 
treated VLBW infants from 1988 to 1993 that required > 30% oxygen with nasal CPAP usually 
within 30 minutes of delivery14 . From 1991 onward, infants with severe distress or apnea were 
intubated for a PaCO2 greater than 60 mmHg, and were given surfactant. Twenty-five percent 
of all infants required only supplemental oxygen and 24% of all infants were ventilated from 
birth. Fifty-one percent were treated with nasal CPAP, with one-third of these subsequently 
requiring ventilation. Almost all infants < 24 weeks required ventilation suggesting that this 
group may require a different approach. Gittermann et al reported that the use of early CPAP for 
infants < 1500gm (VLBW) significantly reduced the frequency of intubation, reduced mortality 
(p=0.038), and shortened the duration of intubation and length of stay15. In this study the CPAP 
was applied as soon a signs of respiratory distress occurred (usually within 15 minutes of birth). 
Poets et al16 in a report of 2001 VLBW infants (500 to 1499 g) born from 1992 to 1994 reported 
that there was an increase in the proportion of patients not intubated and mechanically 
ventilated from 7% to 14% in infants <1000 g and from 28% to 44% in those >1000 g (P <0.02 
and <0.01, respectively). The decrease in intubation was not associated with a significant 
increase in adverse outcome such as death, intraventricular hemorrhage, periventricular 
leukomalacia, or BPD. The proportion of infants <1000 g that survived without BPD increased 
from 38% in 1992 to 48% in 1994; p < .05, and the proportion of infants =1000 g in whom BPD 
developed decreased from 14% to 9%; p < .05. None of these observations was from a 
prospective controlled trial, and in none was there a contemporaneous control group who did 
not receive early CPAP. 

33  
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p=0.41. These infants met criteria established for this trial which included an FiO2 > .3 to 
maintain an SpO2 > 90% or a PaO2 > 45 torr, an arterial PaCO2 > 55-60 with a pH < 7.25. or 
apnea requiring bag and mask ventilation. CPAP infants were intubated at an average FiO2 = 
0.5 compared to 0.4 for control infants. 

The literature thus suggests that early CPAP may be of substantial benefit, although 
none of this information has been obtained from prospective randomized trials of CPAP 
randomly applied in the delivery room to a population of VLBW or ELBW infants, with an 
appropriate control group. The terms early CPAP in the above studies (apart from that of 
Lindner et al15) involved the application of CPAP shortly following birth, not immediately after 
delivery. It is not surprising, therefore, that the recent revised NRP guidelines do not mention 
the use of CPAP/PEEP for neonatal resuscitation.27 There is also some evidence that the level 
of CPAP needed may vary depending on the actual device utilized. Pandit et al and Courtney et 
al have demonstrated that variable flow CPAP was associated with a lower work of breathing 
and increased compliance at all levels of CPAP whereas constant flow nasal CPAP increased 
compliance only at 8 cm H2O.28  In addition, variable flow CPAP devices were effective at 
recruiting lung volume at all tested CPAP levels.29 A more recent trial compared the use of 
variable flow CPAP to conventional CPAP at extubation for 162 ELBW infants and reported no 
significant differences with either form of CPAP.30 This study noted that 40% of ELBW infants 
failed extubation primarily because of apnea. 

There are no studies in the surfactant and antenatal steroid era which have 
prospectively compared delivery room, CPAP with a more conventional approach, such as the 
use of prophylactic surfactant and conventional ventilation. The current available evidence 
demonstrates that prophylactic natural surfactant treatment significantly decreases mortality, air 
leak, and BPD in preterm infants.31 Early surfactant, defined as surfactant at less than 2 hours 
of life is also of benefit and reduces air leaks, and mortality.32 These reviewers noted that “early 
surfactant administration significantly reduces the risk of key clinical outcomes including 
pneumothorax, PIE, chronic lung disease, and neonatal mortality. Given the efficacy of 
prophylactic surfactant therapy (Soll 1999), this meta-analysis suggests that early selective 
surfactant administration to intubated infants with early signs of RDS may be part of a clinical 
spectrum of improved outcomes with earlier treatment”. The most recent experience regarding 
early surfactant was presented by Horbar et al at the SPR in May, 2003. Their study which 
involved a cluster randomization in 57 NICUs of a practice to administer surfactant earlier 
compared with 57 control NICUs. They noted that infants at the intervention sites received their 
surfactant more often in the DR (54.7 vs 18.2%, p < 0.001) and earlier than the control sites (21 
vs 78 minutes, p <0.001). There were no differences in mortality and pneumothoraces, the 
intervention centers had a lower rate of overall and severe IVH (28% vs 33%, p < 0.04, 10% vs 
14%, p < 0.001) which were secondary outcomes of this trial. 33 

The most recent published study by Tooley and Dyke evaluated the use of prophylactic 
surfactant and early extubation to CPAP versus prophylactic surfactant and continuing 
management.34 In this study 42 infants of 25 to 28(+6) wk of gestation were intubated at birth 
and given one dose of surfactant. They were then randomized within one hour of birth to either 
continue with conventional ventilation or to be extubated to nCPAP. They reported that 8 out of 
21 (38%) babies randomized to nCPAP did not require subsequent re-ventilation. (Ventilation 
rates of 62% vs 100%, p = 0.0034). The smallest baby successfully extubated weighed 745 g. 
There were also significantly fewer infants intubated in the nCPAP group at 72 h of age (47% vs 
81%, p = 0.025). There was no significant difference between the two groups in the number of 
babies that died, developed chronic lung disease or severe intraventricular hemorrhage. This 
study demonstrates that a significant number of very preterm babies with RDS can be extubated 

66  
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to nCPAP after receiving one dose of surfactant. The current SUPPORT study will address this 
population, extended to 24 weeks, using a similar methodology for the infants of 24 to 27 6/7ths 
weeks who fail initial CPAP, with adequate power to determine if this approach is associated 
with significant benefits in terms of important short and longer term clinical outcomes. 

Oxygen Saturation: 
There is now an emerging body of information that suggests that many of the morbid 

conditions associated with extreme immaturity are potentiated by an excess of free-radicals 
occurring in infants who are intrinsically deficient in antioxidants such as superoxide dismutase, 
catalase, and glutathione peroxidase. During hypoxia, metabolic alterations prime hypoxic cells 
to produce free oxygen radicals when subsequently exposed to oxygen. Such reperfusion injury, 
in addition to increasing the production of free oxygen radicals, is associated with other 
metabolic changes which may produce long lasting harmful effects. Silvers et al reported that a 
low plasma antioxidant activity at birth in premature infants was an independent risk factor for 
mortality.35 Pulmonary oxygen toxicity, through the generation of reactive oxygen/nitrogen 
species in excess-of antioxidant defenses, is believed to be a major contributor to the 
development of BPD.363738 For example the preterm macrophage showed a significant increase 
in cytokine mRNA and protein after overnight incubation in 95% oxygen compared with cells 
from term animals. Only macrophages from premature animals had a significant increase in 
intracellular oxygen radical content, measured by 2', 7’ -dichlorofluorescin analysis, after 
incubation in 95% oxygen. This enhanced inflammatory cytokine response to oxygen has been 
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3.3 Exclusion Criteria 
·  Any infant transported to the center after delivery 
·  Infants whose parents/legal guardians refuse consent 
·  Infants born during a time when the research apparatus/study personnel are not 

available 
·  Infants < 24 weeks 0 days or > 28 weeks 0 days, completed weeks of gestation 

3.4 Sampling Recruitment and Screening Procedures 
Infants will be recruited for this study by approaching one or both parents at the time of 

admission to the hospital where there is deemed to be a risk of premature delivery at 27 6/7ths 
weeks or less. 

3.5 Screening Procedures 
All admissions for threatened premature delivery will be screened on a daily basis to 

ensure that eligible patients can be enrolled. We will inform our obstetrical colleagues at each 
involved institution of the nature of this study, and encourage them to discuss this study with 
their patients at risk of premature delivery. The study coordinator at each site will maintain a 
screening log of potentially eligible patients. In addition the usual practice of neonatal 
consultation for all such at risk deliveries will provide a second opportunity to approach mothers 
with fetuses at risk of preterm delivery 

3.6 Other Procedures 
A T-piece resuscitator, a neonatal ventilator, or an equivalent CPAP methodology will be 
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actual range of the individual PO
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Reintubation 
If a Treatment infant is extubated as per Protocol Criteria, and requires re-intubation for  
any indication, any further attempt at extubation may be delayed for 24 –  48 hrs based  
on the clinician’s decision.  
Re-intubation criteria are the same as those for Intubation for the CPAP infants. Thus,  
intubation is -8hose for N7j
/TT0 1 any inn1..e1work 



                               
 
 

  

 
 

  
 

   
  

 
 

 
  

 
 

 
 

   
    
    

 
 

  

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 

NICHD Neonatal Research Network SUPPORT Protocol 
August 28, 2004 

Revised September 16, 2004 

CONTROL- Prophylactic/Early Surfactant and Ventilation 

Delivery Room Management: 
Infants will be intubated in the delivery room and given surfactant or receive surfactant 
within 60 min minutes of birth. The other aspects of the resuscitation will be managed 
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4.1 B: Study Intervention: Low versus High SpO2 Range: 
There will be 2 ranges of SpO2 utilized during this trial. The Low target range will be 

85% to 89% and the High target range will be 91% to 95%. The altered Pulse Oximeters (PO) 
are described below, and will display a range of 88% to 92% when the SpO2 ranges are in the 
Target ranges indicated above. Thus a Low range PO will read 88% when the actual SpO2 is 
approximately 86%, and 92% when the actual SpO2 is 89%. Similarly the High range PO will 
display 88% when the actual SpO2 is 91% and indicate 92% when the actual SpO2 is 
approximately 95%. See below for further explanation. This deviation is similar to the BOOST 
trial which used a continuous 3% offset.42 As an added safety feature, the POs used in this trial 
will revert to the actual SpO2 values and allow the caretakers to be aware of actual SpO2 
values < 85% and > 95%. 

Low Range Infants: 
These infants will be monitored with a target SpO2 range of 85% -89% with suggested 

indicated alarm limits of 85% and 95%, representing approximately a 10% span for alarms as 
long as the infants are receiving any ventilatory support, CPAP, and/or supplemental oxygen. 
The study pulse oximeters will be applied to the infant within two hours following NICU 
admission. The assigned PO will remain on the infant and will be removed once the infant has 
been in room air and off ventilatory support or CPAP for 72 hours, and if oxygen is subsequently 
required a similar altered pulse oximeter providing the same SpO2 range will be used until 36 
weeks PCA. 

High Range Infants: 
These infants will be monitored with a target SpO2 range of 91% -95% with suggested 

indicated alarm limits of 85% to 95% representing approximately 10% span for alarms as long 
as they are receiving any ventilatory support, CPAP and/or supplemental oxygen. The study 
pulse oximeters will be removed once the infant has been in room air for 72 hours, and if 
oxygen is subsequently required a similar altered pulse oximeter providing the same SpO2 
range will be used until 36 weeks PCA. 

These interventions will be delivered using specially developed pulse oximeters whose 
displays (the actual readings seen by caretakers) will be adjusted so that the randomized range 
of SpO2 (either 85%-89%, or 91%-95%) will be indicated by a range of 88%-92%. This is done 
by progressively altering the offset as the alarm limits are approached, and Masimo has 
confirmed that this technology is workable. The target oxygen saturation (88-92%) of the display 
will be the same in both groups as indicated in Table1 below. 

These POs will be able to display trend plots of the SpO2 display for a preceding interval 
to allow the caretakers to receive feedback regarding the actual SpO2 ranges of their baby. 

The suggested alarms limits will be 84% and 96% for both groups. 

Table 1.  Output and Actual SpO2 Targets and Alarms

 SpO2 Group 
Displayed Target Actual Target Alarm 

Values 
Low SpO2 88-92% 85-89% <85 and >95% 
High SpO2 88-92% 91-95% <85 and >95% 

1717  
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target ranges and provide objective confirmation of the SpO2 Group assignments. The 
technology for downloading and interpreting this data was used in the DR CPAP Pilot trial, but 
recent technology utilizing a software program (Profox, Profox Inc, Escondido, Ca) which has 
been written to facilitate this process, will dramatically simplify this procedure. 

Non-study pulse oximeters cannot be used on enrolled patients. If a second oximeter is 
required for such a patient, the site coordinator will provide an identical oximeter for the patient. 

All ventilatory care after 14 days of age will follow the standard of care for each unit. 
Each unit will provide guidelines for their approach to continuing mechanical ventilation. 

4.2 Delivery of Interventions 

CPAP/PEEP in the DR 
CPAP and positive pressure ventilation (PPV) in the delivery room for Treatment infants 

will be administered via a T-piece resuscitator, a neonatal ventilator or an equivalent device that 
is currently used by the site for the delivery of CPAP. (See 3.6). 

Use of Nasal SIMV; 
This approach is currently used by some Network units and has been previously 

established as being superior to CPAP following extubation in three prospective trials.
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Head Ultrasound 
If a Head ultrasound is done between days 4 and 21 the results will be recorded for this 

study. If one is not done for standard of care, the study requires that at least one HUS be 
completed during this window 

4.3 Protocol Violations: 
The occurrence of any one of the following criteria will determine whether an individual 

infant will be considered a protocol violation: 

1.  Intubation of a treatment group infant in the DR for the exclusive purpose of giving 
surfactant, in the absence of bradycardia (HR< 100 bpm) and/or poor color or an 
SpO2< 85-90% in an infant with adequate spontaneous respirations or receiving 
adequate ventilation 

2.  Failure to continue CPAP on admission to the NICU for 
SpO2 <.equate ventilation 
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5.1 Measurement Methods: 
The PO stored data will be retrieved using a routine provided to all site 

coordinators, and the resultant data file will be sent electronically to RTI to be included 
as part of the study data collection. 

5.2 Schedule of Data Collection: (See Data tables in Appendix A) 

5.3 Primary and Secondary Outcome Measures 

5.3.1 Primary Outcome Measure 
The primary outcome will be the percentage of infants surviving without BPD (using the 

Physiologic Definition) or severe ROP (threshold disease or the need for surgery). 

5.3.2 Secondary Outcome Measures 
·  The five minute Apgar score 
·  The percentage of infants with death or neurodevelopmental impairment at 18 

months 
·  The total duration of mechanical ventilation during the entire NICU stay 
·  The percent of infants alive and off ventilation by day 7 
·  The proportion of infants receiving surfactant treatment 
·  The incidence of air leaks on admission and overall 
·  The incidence of BPD at 36 weeks using the physiologic definition of BPD 
·  The incidence of death 
·  The proportion of infants with severe IVH 
·  
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7.1 Data Collection and Management 
We will develop the required CRFs as per Network procedures. It will be our aim to 

minimize these to ensure that data is collected regarding the intervention, the adherence to the 
protocol for intubation, surfactant administration, and extubation, and the occurrence of the 
primary and secondary end-points. All remaining information will be extracted for the current 
data forms. 

8.1 Statistical Analysis 

8.1.1 Analysis Plan 
The primary analyses of this factorial trial d
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50% for all subgroups (i.e. ranges from 49.7% to 50.0%). Hence one sample size table suffices 
for all. 

Hence, for any of the four groups the table below gives the total sample sizes required 
for a range of absolute percent changes, a two-
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TOTAL SAMPLE SIZES REQUIRED 

80% Power 90% Power 

Detectable Total N1* Total N2** Total N1* Total N2** 
Difference (absolute %) 
8% 1792 2096 2284 2676 
9% 
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Table IA 

Treatment Effects for SpO2 (High, Low) and CPAP (Yes, No) on BPD/Mortality 
Assuming a 10% Main Effect for Each Factor—Table Entries are Outcome 
Rates (%) 

SpO2 

Low High Overall 

CPAP 
Yes 45 55 50 
No 55 65 60 
Overall 50 60 55 

Table IB 

Treatment Effects for SpO2 (High, Low) and CPAP (Yes, No) on BPD/Mortality 
Assuming a 10% Main Effect for CPAP Only—Table Entries are Outcome 
Rates (%) 

SpO2  

Low High Overall  

CPAP  
Yes 55 55 55 
No 65 65 65 
Overall 60 60 60 

Table IIA 

Treatment Effects for SpO2 (High, Low) and DRCPAP (Yes, No) on ROP> Grade 
III/Mortality Assuming a 10% Main Effect for Each Factor—Table Entries are 
Outcome Rates (%) 

SpO2

 SpO2

 Low High Overall 

CPAP 
Yes 25 35 30 
No 35 45 40 
Overall 30 40 35 

2525  
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Study Tables 

Table 1. Patient Description 

Low 
Saturation 

High 
Saturation RR CI p value 

Birth weight (grams) (M + SD) 
Gestation (weeks) (M + SD) 
Race (W, B, H, other) % 
Antenatal steroids (%) 
Apgars <3 at 5 min 

Table 2. Primary Outcomes 

Low 
Saturation 

High 
Saturation RR CI p value 

Threshold ROP/Surgery or death 
by 36 weeks (%) 
Death by 36 weeks (%) 
Threshold ROP in alive infants at 
36 weeks (%) 
BPD or Death by 36 weeks (%) + 

Table 3. Secondary Outcomes 

Low 
Saturation 

High 
Saturation RR CI p value 

Death by discharge status (%) 
BPD in alive infants at 36 weeks 
(%) 
IVH 3 or 4/PVL or death by 36 
weeks (%) 
IVH 3 or 4 in alive infants at 36 
weeks (%)† 
Cystic PVL in alive infants at 36 
weeks (%)† 
Neurodevelopmental impairment 
or death by 18-22 months (%) 
Death by 18-22 months (%) 
Neurodevelopmental impairment 
at 18-22 months (%)† 
Cerebral palsy at 18-22 months 
(%)† 
MDI < 70 (%) 
PDI < 70 (%) 
Any blindness at 18-22 months 
(%)† 
Unilateral blindness at 18-22 
months (%)† 
Deafness at 18-22 months† 

†Analyzed for survivors 

28 
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