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Early CPAP versus surfactant in extremely preterm infants
 
AIM: 
To compare early treatment with surfactant and early treatment with continuous positive airway pressure (CPAP) 
in extremely low birth weight infants.

METHOD: 
In this multicentre trial, 1316 infants born at 24 weeks to 27 weeks 6 days of gestation were randomized to early 
intra-tracheal administration of surfactant within 1 hour of birth followed by a conventional ventilation strategy 
(n=653), or to early treatment with CPAP with subsequent intubation and ventilation if prespecified criteria 
were met (n=663). Infants in the CPAP group who were intubated within 48 hours after birth were also given 
surfactant. In the delivery room, CPAP was delivered using a T-piece resuscitator, a neonatal ventilator or an 
equivalent device. After transfer to the NICU, CPAP was given using a ventilator, a purpose-built flow driver or a 
bubble CPAP circuit. 

The primary outcome of the study was death or bronchopulmonary dysplasia (using physiologically-defined 
criteria), and the prespecified secondary outcome was bronchopulmonary dysplasia (defined as the need for 
supplemental oxygen at 36 weeks). Infants were stratified into two groups based on gestational age: 24 weeks to 
25 weeks 6 days (n=565), and 26 weeks to 27 weeks 6 days (n=751). 

This study also compared the effects of two different target ranges for oxygen saturation, but these results were 
presented in a separate publication [NEJM 2010 May 27; 362 (21):1959-1969].

RESULTS: 
Interventions and outcomes in the two treatment groups are reported in the table. A greater number of infants 
in the CPAP group were alive and free from the need for mechanical ventilation by day 7 compared with 
the surfactant group (p=0.01). The adjusted mean number of days of mechanical ventilation required was 
significantly lower in the early CPAP versu=s early surfactant group (24.8 vs 27.7 days; p=0.03). There were 
no significant differences between the early CPAP and early surfactant groups with respect to the need for 
supplemental oxygen, the number of patients with any air leak in the first 14 days, the incidence of necrotizing 
enterocolitis requiring treatment, the incidence of grade 3 or 4 intraventricular haemorrhage and the incidence of 
severe retinopathy of prematurity. 

95% CI = 95% confidence intervals; PPV = positive pressure ventilation; CPAP = continuous positive airway 
pressure; NICU = neonatal intensive care unit; BPD = bronchopulmonary dysplasia; NS = not significant. 

Patients Early CPAP Early Surfactant Relative risk with 
CPAP (95% CI)

Adjusted P 
value

Interventions

PPV in delivery room 435/662 (65.7%) 606/652 (92.9%) 0.71 (0.67, 0.75) <0.001

CPAP in delivery room 538/663 (81.1%) 146/653 (22.4%) 3.66 (3.16, 4.25) <0.001

Intubation in delivery room:

For any reason 227/660 (34.4%) 609/652 (93.4%) 0.37 (0.34, 0.42) <0.001

SUPPORT Study Group of the Eunice Kennedy Shriver 
NICHD Neonatal Research Network New England 
Journal of Medicine 2010; May 27; 362 21): 1970-1979
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For resuscitation 215/660 (32.6%) 176/652 (27.0%) 1.21 (1.02, 1.43) 0.02

Surfactant treatment:

In delivery room 93/660 (14.1%) 335/652 (51.4%) 0.28 (0.23, 0.34) <0.001

In delivery room or NICU 443/660 (67.1%) 646/653 (98.9%) 0.67 (0.64, 0.71) <0.001

Epinephrine in delivery room 13/660 (2.0%) 27/653 (4.1%) 0.48 (0.25, 0.91) 0.02

Outcomes

BPD or death by 36 weeks:

Physiological definition 317/663 (47.8%) 333/653 (51.0%) 0.95 (0.85, 1.05) 0.30

Oxygen requirement definition 323/663 (48.7%) 353/653 (54.1%) 0.91 (0.83, 1.01) 0.07

BPD by 36 weeks: 

Physiological definition 223/569 (39.2%) 219/539 (40.6%) 0.99 (0.87, 1.14) 0.92

Oxygen requirement definition 229/569 (40.2%) 239/539 (44.3%) 0.94 (0.82, 1.06) 0.32

Death by 36 weeks:

Overall 94/663 (14.2%) 114/653 (17.5%) 0.81 (0.63, 1.03) 0.09

Infants born at 24 weeks to 25 
weeks 6 days of gestation

57/285 (20.0%) 82/280 (29.3%) 0.68 (0.5, 0.92) 0.01

Infants born at 26 weeks to 27 
weeks 6 days of gestation

37/378 (9.8%) 32/373 (8.6%) 1.12 (0.72, 1.75) 0.61

Death during hospitalisation:

Infants born at 24 weeks to 25 
weeks 6 days of gestation

23.9% 32.1% 0.74 (0.57, 0.98) 0.03

Infants born at 26 weeks to 27 
weeks 6 days of gestation

10.8% 10.2% NS

Survival without need for 
high-frequency or conventional 
ventilation at 7 days

362/655 (55.3%) 318/652 (48.8%) 1.14 (1.03, 1.25) 0.01

Postnatal corticosteroid therapy 
for BPD

47/649 (7.2%) 83/631 (13.2%) 0.57 (0.41, 0.78) <0.001

DISCUSSION:
Early surfactant treatment has been shown to reduce the risk of chronic lung disease in preterm infants. 
In addition, there is increasing evidence that early use of CPAP might decrease the rate of intubation and 
mechanical ventilation in very preterm infants with respiratory distress. The initial strategy of early CPAP 
compared with early intubation and surfactant treatment was chosen for this study on the basis that it 
would provide clinically relevant results. Further analysis to compare 18- to 22-month survival without 
neurodevelopmental impairment in the two treatment groups is underway. The results showing a significant 
reduction in the risk of death in infants in the CPAP group born at 24 to 25 weeks 6 days of gestation, but not in 
those born at a later gestational age, should be interpreted with caution because of the post-hoc nature of the 
analysis and the number of secondary analyses performed on the data. 
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CONCLUSION: 
Based on the results of this study, CPAP could be considered as an alterative to routine intubation and 
administration of surfactant in preterm infants.   

 KEY POINTS
• There is no difference between an early CPAP strategy and an early intubation and surfactant strategy for  
 the combined endpoint of death or bronchopulmonary dysplasia in preterm infants with respiratory   
 distress.  
• In preterm infants with respiratory distress, lower rates of intubation, reduced corticosteroid use and a  
 shorter duration of mechanical ventilation are associated with use of early CPAP compared with early  
 intubation and surfactant.
• CPAP can be considered as an alterative to routine intubation and administration of surfactant in preterm  
 infants with respiratory distress.

DEFINITIONS:

Bronchopulmonary dysplasia (BPD) A chronic lung disease of infants, when the lungs 
do not work properly and the infants have trouble 
breathing

Continuous positive airway pressure (CPAP) A technique of respiratory therapy in which airway 
pressure is maintained above atmospheric pressure 
throughout the respiratory cycle by pressurization of 
the ventilatory circuit

Neonatal intensive care unit (NICU) A hospital facility providing intensive nursing and 
medical care for critically ill newborn infants

Positive pressure ventilation (PPV) Administration of oxygen under pressure during 
mechanical ventilation

Independently produced by Wolters Kluwer Health - Adis International Ltd
World leaders in impartial pharmacoevaluation
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Bubble and ventilator-derived nasal continuous positive airway pressure in premature 
infants: work of breathing and gas exchange

AIM: 
To compare work of breathing (WOB) and other short-term respiratory outcomes between bubble nasal 
continuous positive airway pressure (B-NCPAP) and ventilator-derived NCPAP (V-NCPAP) at equivalent nasal 
prong pressures in preterm infants.

METHOD: 
This crossover study enrolled preterm infants with a birth weight of <1500 g who required NCPAP for mild 
respiratory distress (fraction of inspired oxygen [FiO

2
] ≤0.40). Infants received both B-NCPAP and V-NCPAP; the 

order of device was randomized. V-NCPAP was given by a calibrated VIP Bird infant ventilator [VIASYS HealthCare] 
using the positive end-expiratory pressure (PEEP) control. For B-NCPAP, the expiratory limb of ventilator tubing 
was submerged in a purpose-built water chamber [Airways Development LLC] to the desired level of NCPAP (cm 
H

2
O); this system was similar to commonly used B-NCPAP systems and enabled easy conversion from V-NCPAP 

to B-NCPAP. Hudson prongs were used for all infants on both NCPAP devices. Intraprong pressure was measured 
using a calibrated pressure transducer [Validyne DP45-28]. 

Calibrated respiratory inductance plethysmography [Respiband Plus and Respitrace; SensorMedics] was used to 
record abdominal and chest wall movements, and pleural pressure was measured with an oesophageal balloon 
catheter [Ackrand Laboratories]. Each infant was studied at pressures of 3, 5, 7, 4 and 2 cm H

2
O while on each 

NCPAP device. Data were collected continuously after 5 minutes of stabilization at each setting.

RESULTS: 
Eighteen preterm infants (mean birthweight 1101 g; mean gestational age 28 weeks; mean age at study 13 days) 
were included in the study. Nasal prong pressures on B-NCPAP and V-NCPAP were nearly identical, allowing for 
meaningful comparisons between the two devices. There were no statistically significant differences between 
B-NCPAP and V-NCPAP for WOB (inspiratory, elastic and resistive WOB). Tidal volume, respiratory rate, phase 
angle, minute ventilation and lung compliance were also not significantly different between the two NCPAP 
devices. Likewise, heart rate, oxygen saturation and transcutaneous (Tc) CO

2
 were not significantly different 

between B-NCPAP and V-NCPAP, but TcO
2
 was significantly higher with B-NCPAP (p=0.01 vs V-NCPAP).

DISCUSSION: 
NCPAP is effective for the management of respiratory distress syndrome in preterm infants. However, preterm 
infants have variable responses to NCPAP. It has previously been shown that B-NCPAP has prominent oscillations 
in airway pressure at the nasal prong level, which are diminished at the alveolar level. This study found that 
most short-term respiratory outcomes were comparable between B-NCPAP and V-NCPAP, with the exception 
of TcO

2
, which was significantly higher with B-NCPAP. High-frequency oscillations in intraprong pressure were 

substantially greater with B-NCPAP than V-NCPAP, but measurement devices were not sensitive enough to 
accurately reflect oscillations at the chest/abdomen and intrapleural level. 

CONCLUSION: 
WOB and most other short-term respiratory outcomes are similar between B-NCPAP and V-NCPAP with equivalent 
delivered airway pressure. Improved TcO

2
 with B-NCPAP suggests that the greater oscillations in airway pressure 

may lead to improved oxygenation compared with V-NCPAP.

 

SE Courtney, DJ Kahn, R Singh, RH Habib Journal of Perinatology 
2010; Epub ahead of print (Apr 15): doi:10.1038/jp.2010.55
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KEY POINTS
• WOB and most other short-term respiratory outcomes are similar between B-NCPAP and V-NCPAP with  
 equivalent delivered airway pressure. 
• TcO

2
 is significantly higher with B-NCPAP compared with V-NCPAP, suggesting that greater oscillations in  

 airway pressure may lead to improved oxygenation. 

DEFINITIONS:

Fraction of inspired oxygen (FiO2) The fraction of oxygen in inspired gas

Lung compliance The ability of the lungs to stretch during a change in 
volume relative to an applied change in pressure

Minute ventilation (VE) The volume of gas that moves in and out of the lungs 
in one minute; it is calculated by multiplying the 
exhaled tidal volume by the respiratory rate

Nasal delivery of continuous positive airway pressure 
(NCPAP)

A technique of respiratory therapy in which airway 
pressure is maintained above atmospheric pressure 
throughout the respiratory cycle by pressurization of 
the ventilator circuit

Positive end-expiratory pressure (PEEP) The amount of pressure above atmospheric pressure 
present in the airway at the end of the expiratory cycle 
during mechanical ventilation

Respiratory rate The number of breaths over a specific time period

Tidal volume (VT) The volume inspired or expired per breath

Work of breathing (WOB) The force required to expand the lung against its 
elastic properties
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A Randomized Controlled Trial of Post-extubation Bubble Continuous Positive Pressure 
Versus Infant Flow Driver Continuous Positive Airway Pressure in Preterm Infants with 
Respiratory Distress Syndrome

AIM: 
To compare the efficacy and safety of post-extubation management with bubble continuous positive airway 
pressure (CPAP) and Infant Flow Driver (IFD) CPAP in preterm infants with respiratory distress syndrome (RDS).

METHOD:
One hundred and forty preterm infants (24-29 weeks’ gestation or birth weight 600-1500g) were randomized 
to receive bubble CPAP [Fisher & Paykel Healthcare] or IFD CPAP [Electro Medical Equipment] after extubation. 
Readiness for extubation was determined objectively using the minute ventilation test (MVT). 

CPAP was delivered at 6 cm H
2
O and was decreased by 1 cm H

2
O if the infant was stable over the preceding 

12 hours, to a minimum of 4 cm H
2
O. Conversely, if the reduction in CPAP was not tolerated, increases of 1 cm 

H
2
O, to a maximum of 6 cm H

2
O were permitted. For bubble CPAP, a fixed flow rate of 6 L/min was used and for 

IFD CPAP the flow rate was adjusted to deliver the appropriate CPAP pressure. CPAP was delivered using short 
binasal prongs provided by the device manufacturers. Discontinuation of CPAP was attempted when the infant 
had been stable for 12 hours and the oxygen requirement was <30%. 

Patients were stratified on the basis of the duration of mechanical ventilation: ≤14 days or >14 days. The primary 
endpoint of the study was successful extubation maintained for at least 72 hours; secondary endpoints were 
maintenance of successful extubation for 7 days, total duration of CPAP support, and the incidences of chronic 
lung disease and complications of prematurity.

RESULTS: 
Data for the primary and secondary endpoints are reported in the table. In infants mechanically ventilated for 
≤14 days (n=127), the extubation failure rate in the first 72 hours was significantly lower in infants on bubble 
CPAP compared with IFD CPAP. There was no significant difference in extubation failure between the 2 devices 
in infants ventilated for >14 days (n=13). The overall extubation failure rate in the first 72 hours was 21.3% in 
infants ventilated for ≤14 days compared with 30.8% in those ventilated for >14 days (p=0.484). 

Data at the end of 3 weeks’ treatment Type of CPAP P value

Bubble
 (n=71)

IFD 
(n=69)

Failed extubation (patients)

Overall 16.9% 27.5% 0.130

Within first 72 hours in patients ventilated for ≤14 days 14.1%
(n=64)

28.6%
(n=63)

0.046

Within first 72 hours in patients ventilated for >14 days 42.9% 16.7% 0.308

Median duration of CPAP [days (95% CI])

Excluding deaths 2 (1-3) 4 (2-6) 0.031

Including deaths 3 (1.5-4.5) 4 (2.1-5.7) 0.754

S Gupta, SK Sinha, W Tin, SM Donn 
Journal of Pediatrics 2009; 154: 645-650
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Complications of prematurity (patients)

Chronic lung disease at 36 weeks 20% 30% NS

Survival without bronchopulmonary dysplasia 75% 66% NS

Patent ductus arteriosis requiring treatment 17% 25% NS

Severe IVH/periventricular leukomalacia 15.6% 13.5% NS

Necrotizing enterocolitis (Bell stage ≥2) 7.0% 4.3% NS

Retinopathy of prematurity requiring treatment 5.6% 7.2% NS

Death before discharge 5.6% 0 NS

Pneumothorax 0 0 NS

CI = confidence interval; IVH = intraventricular haemorrhage; NS = not significant.

DISCUSSION: 
The use of CPAP in preterm infants helps to facilitate extubation, thus reducing the risks associated with 
prolonged intubation and ventilation. IFD CPAP has a dedicated flow driver and generator with a unique fluidic 
flip mechanism which adjusts gas flow throughout the breathing cycle. IFD CPAP has been shown to provide 
stable pressure delivery, improve functional residual capacity, reduce thoracoabdominal asynchrony and 
decrease work of breathing (WOB).  Bubble CPAP uses a fixed gas flow and a column of water in the expiratory 
limb and has been shown to improve gas exchange and protect against lung injury. No previous controlled 
clinical trials have directly compared these two devices in preterm infants. The shorter duration of CPAP in the 
bubble device group may be a result of some unknown physiological advantage, but this cannot be determined 
in the current unblinded study. Despite previous theoretical concerns about an increased risk of necrotizing 
enterocolitis during bubble CPAP, this was not observed in this trial. Additional data on long-term clinical 
outcomes are required to more fully elucidate any differences between CPAP devices for the post-extubation 
management of preterm infants. 

CONCLUSION: 
Bubble and IFD CPAP have similar effectiveness for the post-extubation management of preterm infants with 
RDS. For infants ventilated for ≤14 days, bubble CPAP was associated with a significantly higher successful 
extubation rate. In addition, the median duration of CPAP support was significantly shorter than that of IFD CPAP.

KEY POINTS
• Bubble and IFD CPAP have similar effectiveness for the post-extubation management of preterm infants  
 with RDS.
• In preterm infants mechanically ventilated for ≤14 days, bubble CPAP is associated with a significantly  
 higher successful extubation rate than IFD CPAP. 
• The duration of CPAP support after extubation in mechanically ventilated preterm infants is significantly  
 shorter when bubble CPAP versus IFD CPAP is used. 
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DEFINITIONS:

Continuous positive airway pressure (CPAP) A technique of respiratory therapy in which airway 
pressure is maintained above atmospheric pressure 
throughout the respiratory cycle by pressurization of 
the ventilatory circuit

Minute ventilation test (MVT) A test which measures the effectiveness of 
spontaneous breathing and respiratory muscle 
endurance and can be obtained from real-time 
pulmonary monitoring

Respiratory distress syndrome (RDS) A lung disease of the newborn, most frequently 
occurring in premature infants, that is caused by 
abnormally high alveolar surface tension as a result 
of a deficiency in lung surfactant; also called hyaline 
membrane disease

Work of breathing (WOB) The force required to expand the lung against its 
elastic properties

Independently produced by Wolters Kluwer Health - Adis International Ltd
World leaders in impartial pharmacoevaluation
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Outcomes for Infants <1000G cared for with Nasal CPAP-Based Strategy

AIM:
To compare outcomes for infants <1000g treated with a predominantly nasal CPAP approach (modelled on that 
of Columbia University, New York) with outcomes recorded by the Australian and New Zealand Neonatal Network 
(ANZNN).

METHOD:
Data on all infants <1000g admitted for intensive care was collected prospectively for the 29 neonatal units 
contributing to the ANZNN database (i.e. all level 3 units in the region). Outcomes for infants treated at 
Middlemore Hospital over a 3 year period (1998-2001) were compared with the ANZNN data for 1999.

RESULTS:
64 infants were admitted to Middlemore Hospital and 954 to the 29 neonatal units. The 2 groups were 
similar with respect to birth weight, Apgar scores, sex and delivery method. Gestational age was lower in the 
Middlemore infants and outcome variables were adjusted for this difference. Fewer babies at Middlemore were 
born to mothers who had completed antenatal corticosteroids (p<0.001). The Middlemore Hospital group spent 
longer on CPAP (p<0.001) and had less time in oxygen (median 4 days compared to 54 days; p <0.001). Fewer 
of the Middlemore cohort were in oxygen at both 28 days and 36 weeks corrected gestation (Odds ratio 0.15; 
95%CI 0.07-0.32) and fewer infants were discharged home on oxygen (Odds ratio 0.38; 95%CI 0.16-0.90). 
Other outcomes were a significant reduction in the number of infants with culture proven sepsis at Middlemore 
Hospital but a higher rate of necrotising enterocolitis. Length of hospital stay and survival rates were not 
significantly different.

DISCUSSION:
Improved respiratory outcomes for infants <1000g were evident at Middlemore Hospital. This was attributed to 
the use of nasal CPAP-based respiratory support system.

MP Meyer, L Mildenhall and M Wong. Journal of 
Pediatrics and Child Health 2004 Jan;40(1-2):38-41.
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Early bubble CPAP and outcomes in ELBW preterm infants

AIM:
Primary objective of this study was to test whether the introduction of early bubble continuous positive airway  
pressure (CPAP) in the delivery room was safe and resulted in improved respiratory outcomes in extremely low 
birth-weight infants (ELBW).

METHOD:
Outcomes of all infants between 401 and 1000 g, born in a level 3 neonatal intensive care units (NICU) in 
Cincinnati, OH, between 1 July 2000 and 10 October 2001 (period 2) were compared using historical controls 
born between 1 January 1998 and 31 December 1999 (period 1). The same group of neonatologists provided 
care in both periods.

Period 1, infants were managed with intermittent positive pressure ventilation (IPPV) with bag and mask in the 
delivery room, early intubation, surfactant administration and intermittent mandatory ventilation for infants 
with moderate-to-severe respiratory distress syndrome. In the period 2, early bubble (CPAP) was prospectively 
introduced into the delivery room, modeling closely the Columbia method. Bubble cpap was provided (5cm 
water), hudson prongs. Growth parameters were monitored on a regular basis, risk adjusted comparisons of care 
and outcomes of infants during the two time periods were made.

RESULTS:
Demographic characteristics did not differ during the two study periods. Delivery room intubations, days on 
mechanical ventilation and use of postnatal steroids decreased (p<0.001) in period 2, while infants on CPAP at 
24 hours and number of days on CPAP also increased (p<0.001). Mean weight at 36 weeks corrected gestation 
also increased (p<0.05) after introduction of early bubble CPAP. Chronic lung disease defined as oxygen 
requirement at 36 weeks, corrected for gestational age tended to decrease however, this was not statistically 
significant.

DISCUSSION:
Particular interest in CPAP focuses on its potential role to reduce ventilator-induced lung injury and 
bronchopulmonary dsyplasia. Mechanisms responsible for the possible effects have not been evaluated. One 
postulated mechanism is the avoidance of aggressive initiation of intermittent positive pressure ventilation with 
high tidal volumes and inadvertent hyperventilation/under ventilation that occurs in ventilated infants. CPAP 
also protects the airway from mechanical injury and bacterial colonization related to the endotracheal tube.

TAKE HOME POINTS:
Early bubble CPAP reduced delivery room intubations, days on mechanical ventilation, postnatal steroid use and 
was associated with increased postnatal weight gain with no increased complications.

Narendran V, Donovan EF, Hoath SB, Akinbi HT, Steichen JJ, Jobe AH. 
Journal of Perinatology 2003 Apr-May;23(3):195-9.
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A Comparison of Underwater Bubble Continuous Positive Airway Pressure with 
Ventilator-Derived Continuous Positive Airway Pressure in PrematureNeonates Ready 
for Extubation

AIM:
To compare gas exchange in patients given either bubble CPAP or ventilator derived CPAP. The hypothesis was 
that the bubbles would increase diffusion and provide better gas exchange.

METHOD:
In this prospective randomized cross over trial, 10 infants between 750 and 2000g weight were given four 
alternating sessions of bubble CPAP and ventilator derived CPAP within a 60 minute period. Each session lasted 
15 minutes. The first method of treatment was randomly selected. 5cmH

2
O was generated at the patient using 

either a ventilator or an underwater seal at the end of the expiratory limb (bubble CPAP). The tube was placed 
under water surface by approximately 5cm1. In both treatment arms, the CPAP was delivered via an endotracheal 
tube to minimize leak. Minute volume, tidal volume, respiratory rate, heart rate, CO

2
, O

2
, and the leak were 

measured.

RESULTS:
8 infants had wet lungs and 2 had RDS. All infants had a lower minute volume in the bubble CPAP group (205 
± 67 vs 340 ± 72) and respiratory rate was lower (55 ± 8 vs 59 ± 8). Both results were statistically significant 
(p<0.01)). CO

2
 and O

2 
were not statistically different.

Delivered frequencies were visually estimated from a printout to be from 15-30Hz and the amplitude of the 
oscillations was 2-4cmH

2
O.

DISCUSSION:
Bubble CPAP decreased measurable minute volume and respiratory rate without decreasing alveolar ventilation 
(tcpCO

2
). The differences in the two treatment arms may have been caused by mechanisms similar to those seen 

in high frequency ventilation (HFV), including increased diffusion. The pressure oscillations were not as strong as 
with HFV but bubble CPAP may decrease work of breathing and the need for intubation and ventilation.

Lee KS, Dunn MS, Fenwick M, Shennan AT 
Biology of the Neonate 1998, 73(69):69-75
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