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Randomized Trial Comparing 3 Approaches to the
Initial Respiratory Management of Preterm Neonates

WHAT’S KNOWN ON THIS SUBJECT: Intubation with prophylactic
surfactant administration protects preterm infants from the
complications of respiratory distress syndrome. From recent
studies it was suggested that initial respiratory support with
continuous positive airway pressure and later selective
surfactant treatment might be an acceptable alternative.

WHAT THIS STUDY ADDS: Preterm neonates managed with early
nasal CPAP or prophylactic surfactant with rapid extubation to
nasal CPAP had outcomes similar to those treated with
prophylactic surfactant followed by mechanical ventilation. Early
CPAP might obviate the need for mechanical ventilation and/or
surfactant.

abstract
OBJECTIVE: We designed a multicenter randomized trial to compare 3
approaches to the initial respiratory management of preterm neo-
nates: prophylactic surfactant followed by a period of mechanical ven-
tilation (prophylactic surfactant [PS]); prophylactic surfactant with
rapid extubation to bubble nasal continuous positive airway pressure
(intubate-surfactant-extubate [ISX]) or initial management with bubble
continuous positive airway pressure and selective surfactant treat-
ment (nCPAP).

DESIGN/METHODS: Neonates born at 260⁄7 to 296⁄7 weeks’ gestation
were enrolled at participating Vermont Oxford Network centers and
randomly assigned to PS, ISX, or nCPAP groups before delivery. Primary
outcome was the incidence of death or bronchopulmonary dysplasia
(BPD) at 36 weeks’ postmenstrual age.

RESULTS: 648 infants enrolled at 27 centers. The study was halted before
the desired sample size was reached because of declining enrollment.
When compared with the PS group, the relative risk of BPD or death was
0.78 (95% confidence interval: 0.59–1.03) for the ISX group and 0.83 (95%
confidence interval: 0.64–1.09) for the nCPAP group. There were no statis-
tically significant differences inmortality or other complicationsof prema-
turity. In the nCPAP group, 48% were managed without intubation and
ventilation, and 54% without surfactant treatment.

CONCLUSIONS: Preterm neonates were initially managed with either
nCPAP or PS with rapid extubation to nCPAP had similar clinical out-
comes to those treated with PS followed by a period of mechanical
ventilation. An approach that uses early nCPAP leads to a reduction in
the number of infants who are intubated and given surfactant.
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The majority of neonates born at �30
weeks’ gestation require respiratory
support after birth to facilitate transi-
tion and ensure adequate gas ex-
change.1 The best approach to the ini-
tial respiratory management of these
infants is uncertain.

Endotracheal administration of exoge-
nous surfactant decreases complica-
tions of respiratory distress syndrome
(RDS) in premature infants.2 Both pro-
phylactic treatment, in which surfac-
tant is administered shortly after birth
to infants at high risk of developing
RDS,3 or selective therapy, in which
surfactant is administered to infants
only after they have exhibited evidence
of significant RDS,4 have been proven
to be effective. Meta-analysis of 8 trials
to compare these approaches re-
vealed that prophylactic surfactant led
to reduced rates of pneumothorax,
neonatal mortality and the combined
outcome of death or bronchopulmo-
nary dysplasia (BPD).5 However, sev-
eral aspects of these trials deserve
closer examination to determine their
relevance to current clinical practice.
Infants enrolled in these studies had
low rates of exposure to antenatal ste-
roids. If randomly assigned to receive
prophylactic surfactant, infants were
generally ventilated for a significant
period of time after treatment and
most infants in the selective treatment
groupswere onmechanical ventilation
before surfactant treatment.

In 1987, Avery et al6 reported that the
application of early nasal continuous
positive airway pressure (nCPAP) was
associated with reduced rates of BPD.
Over the past decade, many trials have
demonstrated the feasibility and ap-
parent benefits of providing early
nCPAP,7–11 and studies have also re-
vealed that surfactant can be effec-
tively administered tomany infants ini-
tially managed with nCPAP with a brief
period of endotracheal intubation fol-
lowed by rapid extubation back to

nCPAP.12 Our trial was designed to
compare the effect of 3 distinct ap-
proaches to the initial respiratory
management of very preterm infants
on the incidence of death or BPD.

METHODS

Study Design

The Delivery Room Management Trial
was a multicenter randomized trial
conducted at participating Vermont
Oxford Network centers. To partici-
pate, study centers must have demon-
strated competency in the use of bub-
ble nCPAP by successfully completing a
Web-based educational program and
effectively using it in at least 20 infants.
Each center obtained approval to con-
duct the study from their institutional
review boards. Expectant parents
were approached for informed con-
sent if considered at high risk of hav-
ing a preterm delivery at 260⁄7 – 296⁄7
weeks’ gestation. Women who were
carrying a fetus with a potentially life-
threatening anomaly or condition
were excluded. Random assignment
took place when it was deemed that
delivery was imminent. Infants could
be excluded after randomization only if
found to be stillborn or to have a pre-
viously unrecognized life-threatening
congenital anomaly. Investigators ran-
domly allocated infants to 1 of the 3
treatment arms by drawing a card
contained within a sealed envelope.
Stratification and block randomization
was according to center and accord-
ing to gestational age. Infants from
multiple gestation pregnancies were
randomly assigned as individual
subjects.

Study Interventions

Infants were randomly allocated to 1 of
3 groups:

1. prophylactic surfactant (PS): in-
fants were to be intubated 5 to 15
minutes after birth for the pur-
poses of surfactant administration,

then stabilized onmechanical venti-
lation for a minimum of 6 hours af-
ter which time they could be extu-
bated to nCPAP;

2. intubate-surfactant-extubate (ISX):
infants were to be intubated 5 to 15
minutes after birth for the pur-
poses of surfactant administration.
Infants who required a fraction of
inspired oxygen (FIO2)� 0.6 without
severe respiratory distress or ap-
nea were to be extubated to nCPAP
15 to 30minutes after surfactant in-
stillation; or

3. nCPAP: infants were to be sup-
ported with nCPAP within 15 min-
utes after birth and intubated only if
meeting 1 or more of the following
criteria: (a)�12 episodes of apnea
that required stimulation or more
than 1 episode that required bag-
ging in a 6-hour period; (b) PCO2 �
65 mm Hg on arterial or capillary
blood gas; or (c) requirement for
FIO2 of�0.4 to maintain oxygen sat-
uration of 86% to 94%. Intubation
was discretionary if FIO2 was 0.4 to
0.6 and mandatory if FIO2 � 0.6. Af-
ter intubation, infants requiring
supplemental oxygen were to be
treated with surfactant.

Decisions regarding subsequent man-
agementwith ongoingmechanical ven-
tilation or extubation to nCPAP were at
the discretion of the clinical team. All
infants who required mechanical ven-
tilation and FIO2 of�0.30 for�6 hours
after receiving surfactant were eligi-
ble for retreatment.

Patients who received nCPAP were ini-
tially supported with a pressure of 5
cm H2O, which could be increased to a
maximum of 7 cm H2O. Short, binasal
prongs were used as the interface.
CPAPwas generated by continuous gas
flow delivered through a heated, hu-
midified circuit with the end sub-
merged to an appropriate depth in a
water-filled bottle. We attempted to
maintain infants on bubble nCPAP for
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at least 72 hours after extubation and
until 1 week of age if requiring supple-
mental oxygen. After the first week, the
degree andmethod of respiratory sup-
port were determined by the clinicians
caring for the infant.

Extubation was attempted when an in-
fant on mechanical ventilation re-
mained stable for a 6 hour period with
a mean airway pressure of�7 cm H2O
and an FIO2 of �0.30. Clinicians could
extubate from higher ventilator set-
tings if deemed appropriate. Use of
methylxanthines before extubation
was encouraged but not mandated.

Primary and Secondary Outcomes

The primary outcome was death or
moderate to severe BPD at 36 weeks’
postmenstrual age.13 An infant was
deemed to have BPD if on mechanical
ventilation, CPAP, or required supple-
mental oxygen to maintain an arterial
oxygen saturation of �88%.14 Infants
who required �30% oxygen via head
box or 250 mL/minute of oxygen via na-
sal cannulawere subjected to a oxygen
saturation test to confirm the need for
supplemental oxygen. Secondary out-
comes included the number of infants
who received surfactant, number of
surfactant doses, use of postnatal ste-
roids, growth, days on assisted ventila-
tion, days on nCPAP, and days on sup-
plemental oxygen. Other outcomes
included the incidence of common
complications of prematurity and
mortality.15

Long-term outcomes including health
and neurodevelopmental status as de-
termined by questionnaire at 2 years’
corrected age will form the basis of a
future report.

Statistical Analysis

The primary analysis was performed
by comparing each of the 2 “experi-
mental” groups (ISX and nCPAP) to the
“standard management” group (PS).
Analysis was performed on an inten-

tion to treat basis. �2 test for categor-
ical variables and analysis of variance
for continuous variables were used.
Relative risks and 95% confidence in-
tervals (CIs) were calculated to com-
pare outcomes of ISX and nCPAP
groups to the PS group. Logistic re-
gression was used to assess the effect
of study group on the primary out-
come, adjusting for gender, birth
weight, antenatal steroid administra-
tion, mode of delivery, multiple birth,
and chorioamnionitis.

Planned sample size was based on a
30% reduction in the number of infants
with BPD per death from 36% to 25%
(� � 0.05;� � 0.2). Baseline incidence
of BPD/death for infants born at 260⁄7 to
296⁄7 weeks’ gestation was determined
from the Vermont Oxford Network da-
tabase. A total of 876 infants were to be
enrolled with 292 in each arm of the
study.

RESULTS

Three interim analyses for efficacy and
safety were performed at scheduled
intervals and revealed no safety con-
cerns or significant differences be-
tween groups in the primary outcome.
An additional analysis was requested
in January 2009 to assess the effect of
declining enrollment on study viability.
The Data Safety Monitoring Committee
recommended to the steering commit-
tee that recruitment be halted in
March 2009 before the desired sample
size was reached.

A total of 648 infants from 27 Vermont
Oxford Network centers were enrolled
between September 2003 and March
2009. During this time frame, 3335 in-
fants within the eligible gestational
age range were born at participating
centers. Centers enrolled a median of
8 patients (range: 2–167). 55% of the
infants were recruited from the top 3
enrolling centers. There were 301 in-
fants of 260⁄7 to 276⁄7 and 347 of 280⁄7 to
296⁄7 weeks’ gestation. Eight infants

who were randomly assigned were not
subsequently enrolled (Fig 1). Enrolled
infants had a mean birth weight of
1053 g and mean gestational age of
281⁄7 weeks. There were no significant
differences in demographics or popu-
lation characteristics between groups
other than fewer male infants in the
nCPAP group (P � .05, PS versus
nCPAP group) (Table 1).

Adherence to assigned treatment pro-
tocol was assessed by examining sup-
port provided to study infants in the
first hour after birth (Table 2). More
than 98% of infants in both the PS and
ISX groups were intubated and given
surfactant. Of infants in the ISX group,
83.3% were successfully extubated,
and 82.1% of infants in the nCPAP
group were managed without intuba-
tion during this interval.

The rates of the primary outcome are
shown in Table 3. There were no statis-
tically significant differences between
groups in the combined outcome of
BPD or death at 36 weeks’ postmen-
strual age. The relative risk of BPD or
death was 0.78 (95% CI: 0.59–1.03) for
the ISX group and 0.83 (95% CI: 0.64–
1.09) for the nCPAP group compared
with the PS group. Adjustment of the
rates using logistic regression analy-
sis failed to alter the conclusion (death
or BPD: ISX versus PS, OR: 0.68 [95% CI:
0.43–1.08]; nCPAP versus PS, OR: 0.82
[95% CI: 0.52–1.29]). Results were sim-
ilar when the analysis was performed,
excluding 21 infants in whom status
using physiologic criteria for BPD was
not clearly coded. Mortality and rates
of death or BPD analyzed according to
gestational age strata did not differ be-
tween groups.

Within the first week after birth, 100 of
222 (45.1%) of the infants in the nCPAP
group were intubated, and all of them
received surfactant. Number of surfac-
tant doses received by infants in each
group is shown in Fig 2. Of the infants
in the ISX group, 111 of 216 (51.4%) had
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an endotracheal tube at some point
within the first week after birth but af-
ter the first hour. Of those that had
been successfully extubated in the first
hour, 75 of 180 (41.7%) required rein-
tubation. Overall, 128 of 216 (59.3%) of
the infants in this group received me-
chanical ventilation at some point dur-
ing their hospitalization. The corre-
sponding number for the nCPAP group
was 116 of 222 (52.3%), which indi-
cates that almost half of the infants
managed with nCPAP initially were
able to completely avoid endotracheal
intubation. Other than differences in
the rates of mechanical ventilation,
there were no significant differences

Assessed for eligibility
(N = 3335)

PS group (n = 213)

Excluded from analysis
● 2 without consent
● 2 stillborn

ISX group (n = 219)

Excluded from analysis
● 1 major birth defect
● 2 stillborn

NCPAP group (n = 224)

Excluded from analysis
● 1 major birth defect

Not enrolled ( n = 2679)
Reasons:

●  Not approached
● Study personnel not available
● Potential life-threatening fetal condition
●  Refused consent

Analyzed in  PS Group
(n = 209) Analyzed in ISX group

(n = 216)

Analyzed in NCPAP group 
(n = 223)

Randomly assigned ( n = 656)

FIGURE 1
Consort diagram.

TABLE 1 Baseline Group Characteristics

PS (n� 209) ISX (n� 216) nCPAP (n� 223)

Maternal characteristics, n/N (%)
Prenatal care 206/209 (98.6) 214/216 (99.1) 221/223 (99.1)
Any antenatal steroids 206/209 (98.6) 213/216 (98.6) 220/223 (98.7)
Vaginal delivery 57/209 (27.3) 70/216 (32.4) 61/223 (27.4)
ROM�24 h 48/208 (23.1) 49/216 (22.7) 52/223 (23.3)
Clinical chorioamnionitis 14/209 (6.7) 24/216 (11.1) 24/222 (10.8)
Neonatal characteristics
Birth weight, mean� SD, kg 1040� 244 1066� 270 1053� 252
Gestational age, mean� SD, wk 28.0� 1.1 28.1� 1.3 28.1� 1.1
Male, n/N (%) 118/209 (56.5) 115/216 (53.2) 99/223 (44.4)
White race, n/N (%) 154/206 (74.8) 164/213 (77.0) 151/218 (74.8)
Maternal education less than high
school, n/N (%)

26/205 (12.7) 32/211 (15.2) 29/213 (13.6)

Multiple birth, n/N (%) 77/209 (36.8) 63/216 (29.2) 76/223 (34.1)
Median Apgar score
At 1 min 6 6 7
At 5 min 8 8 8
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in type or duration of various forms of
respiratory support provided to in-
fants in the 3 groups (Table 4).

Other secondary outcomes are de-
tailed in Table 5. There were no statis-
tically significant differences between
the groups except in the incidence of
PDA. Although PDAwas less common in
the ISX group, the rates of surgical li-

gation were not different. Of note, the
incidence of pneumothorax was simi-
lar between groups. There were also
no differences in rates of weight gain
or time to full feeds between groups
(data not shown).

DISCUSSION

In this study, infants born at 260⁄7 to
296⁄7 weeks’ gestation whom investiga-
tors attempted to initially support with
nCPAP or those given prophylactic sur-
factant followed by rapid extubation to
nCPAP seemed to have similar clinical
outcomes to those treated with pro-
phylactic surfactant followed by me-
chanical ventilation. The study was
stopped after recruitment reached
74% of the projected sample size be-
cause of difficulties with enrollment. It

is possible that statistically significant
differences in outcome might have
been demonstrated if the full sample
size had been attained.

Early application of nCPAP in very pre-
term infants at high-risk of RDS seems
to be safe and might lead to improved
outcomes compared with elective intu-
bation and ventilation. Even if consid-
ered equivalent, many would advocate
using this approach as ameans of pro-
viding a less invasive method of sup-
port. A significant number of infants
stabilized with nCPAP shortly after
birth can avoid intubation, ventilation,
and surfactant treatment altogether.
In this study, 48% of the infants in
the nCPAP group were ultimately man-
aged without intubation, and 54%
were managed without the use of
surfactant.

It is interesting to compare our study
with the other recently reported ran-
domized trials examining initial respi-
ratory management of very preterm
infants. The COIN trial (Continuous Pos-
itive Airway Pressure or Intubation at
Birth) compared routine intubation to
management with early nCPAP in spon-
taneously breathing preterm infants
born between 25 and 28 weeks’ gesta-
tion.16 Results were equivocal, which
suggests that clinicians should be
comfortable using either approach
and should expect comparable out-
comes. In the SUPPORT (Surfactant,
Positive Pressure, and Oxygenation
Randomized Trial) trial, the Eunice
Kennedy Shriver National Institute of
Child Health and Human Development
Neonatal Research Network examined
a similar question.17 They found that
the outcomes of infants managed with
either early nCPAP or intubation and
prophylactic surfactant were similar.
In the subgroup of infants born at 24 to
25weeks’ gestation, outcomes seemed
to be improved if initial management
with nCPAP was attempted. The Euro-
pean CURPAP study compared initial

TABLE 2 Respiratory Support in First Hour of Life

Intervention PS (n� 209) ISX (n� 216) nCPAP
(n� 223)

NCPAP, n/N (%) 11/209 (5.3) 167/216 (77.3) 203/223 (91.0)
Intubated, n/N (%) 207/209 (99.0) 213/216 (98.6) 40/223 (17.9)
Age at intubation, median (quartile), min 3.5 (2.0–5.0) 4.0 (2.0–6.0) 4.5 (3.0–11.5)
Surfactant administration, n/N (%) 206/209 (98.6) 212/216 (98.2) 33/223 (14.8)
Extubation, n/N (%) 1/209 (0.5) 180/216 (83.3) 5/223 (2.2)

TABLE 3 Status at 36 Weeks’ Postmenstrual Age

PS ISX RR (95% CI) NCPAP RR (95% CI)

All, N 209 216 — 223 —
Death, % 7.2 7.0 0.97 (0.49–1.94) 4.1 0.57 (0.25–1.27)
Death or BPD, % 36.5 28.5 0.78 (0.59–1.03) 30.5 0.83 (0.64–1.09)
Gestational age 26–276⁄7 wk, N 98 101 — 102 —
Death, % 11.2 10.1 0.90 (0.40–2.02) 5.9 0.53 (0.20–1.38)
Death or BPD, % 53.1 43.4 0.82 (0.61–1.10) 40.6 0.77 (0.57–1.03)
Gestational age 28–296⁄7 wk, N 111 115 — 121 —
Death, % 3.6 4.4 1.20 (0.33–4.34) 2.5 0.69 (0.16–3.03)
Death or BPD, % 21.8 15.7 0.72 (0.41–1.25) 21.9 1.00 (0.61–1.64)

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

PS ISX NCPAP

>2

2

1
0

FIGURE 2
Surfactant dosing.

TABLE 4 Respiratory Support

PS (n� 209) ISX (n� 216) NCPAP (n� 223)

Time on O2a, mean� SD, d 30.3� 26.5 26.0� 24.7 29.2� 28.3
Received nCPAP, n/N (%) 202/209 (96.7) 212/216 (98.2) 219/222 (98.7)
Time on nCPAP, mean� SD, da 17.0� 14.3 15.2� 13.0 16.1� 14.7
Received any mode of ventilation, n/N (%) 200/209 (95.7) 128/216 (59.3) 116/222 (52.3)
Time on any mode of ventilation, mean� SD, da 7.7� 12.4 9.2� 13.8 12.5� 14.1
Received HFV, n/N (%) 41/209 (19.6) 30/216 (13.9) 34/222 (15.3)
Time on HFV, mean� SD, da 7.7� 9.7 7.1� 10.3 9.3� 11.1

Nasal cannula�1 L/min, n/N (%) 51/175 (29.1) 45/178 (25.3) 55/181 (30.4)
Time on nasal cannula�1 L/min, mean� SD, da 13.0� 9.7 16.3� 11.5 11.7� 9.1

HFV indicates high-frequency ventilation.
a After first hour, only for infants who received the intervention.
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management with nCPAP to prophylac-
tic surfactant followed by rapid extu-
bation to nCPAP in infants born at 25 to
28 weeks’ gestation.18 The investiga-
tors found similar outcomes between
these groups and concluded that early
application of nCPAP shortly after birth
followed by selective surfactant treat-
ment should be the preferredmanage-
ment strategy because many infants
will be able to avoid intubation and
surfactant treatment.

The COIN trial, SUPPORT (Surfactant,
Positive Pressure, and Oxygenation
Randomized Trial), and our study com-
pared infants managed with elective
intubation and ventilation versus early
application of nCPAP. The findings
from these 3 studies are remarkably
consistent. Although entry criteria and
indications for intubation and surfac-
tant administration were different and
no single trial was able to demonstrate
a statistically significant difference,
each study showed a lower relative
risk of death or BPD when infants were
managed initially with nCPAP.

Our study included a third treatment
arm in which infants were intubated,
given surfactant, and rapidly extu-
bated to nCPAP. In theory, thismight be
the best approach because it allows
the established benefit of prophylactic

surfactant while avoiding exposing in-
fants to ventilator induced lung injury.
The Colombian Neonatal Research Net-
work studied infants born at 27 to 31
weeks’ gestation with signs of RDS at
less than 1 hour of age who were ran-
domly assigned to treatment ap-
proaches similar to our nCPAP and ISX
groups.19 Rates of mechanical ventila-
tion and pneumothorax were reduced
with very early surfactant administra-
tion without mandatory ventilation.
However, there were no differences in
rates of mechanical ventilation or BPD
in their lower gestational age stratum
of 27 to 29 weeks, consistent with the
findings of our trial.

The 2 arms in the CURPAP study are
also similar to the nCPAP and ISX
groups of our study. Although there
are some differences in entry criteria
and study protocol, results are similar.
Neither trial found a statistically signif-
icant advantage to either approach
with respect to clinical outcomes. In
both studies, approximately half of the
infants placed electively on nCPAP
shortly after birth were able to avoid
intubation and surfactant treatment.

There are risks inherent to prophylac-
tic surfactant administration. Even a
short period of endotracheal intuba-
tion with positive pressure ventilation

can lead to lung injury.20 Furthermore,
surfactant is not an inexpensive ther-
apy, and some infants will deteriorate
during the instillation process.21 Pro-
phylactic treatment results in a signif-
icant number of infants receiving treat-
ment who seem to be able to do just as
well without it, particularly those ex-
posed to antenatal steroids.22 However,
attempts to provide initial respiratory
support with nCPAP should not result in
infants with significant RDS being disad-
vantaged by having surfactant withheld
or administration delayed.

Several systematic reviews have been
performed to examine timing of sur-
factant treatment in preterm infants
with or at risk for RDS. Although stud-
ies included in these reviews did not
generally include infants managed
with nCPAP from shortly after birth,
the reviews consistently conclude that
outcomes are improved if surfactant is
given earlier rather than later.5,12,23 The
increased rate of pneumothorax seen
in the nCPAP group of the COIN trial
might be in part because of the low
percentage of these very preterm in-
fants being given surfactant expedi-
tiously. In the COIN study, the oxygen-
ation criterion for intubation was a
requirement for FIO2 of �0.60 and,
even with intubation, surfactant treat-

TABLE 5 Complications of Prematurity

PS, n/N (%) ISX, n/N (%) RR vs PS (95% CI) NCPAP, n/N (%) RR vs PS (95% CI)

Pneumothorax 10/209 (4.8) 7/216 (3.2) 0.68 (0.26–1.75) 12/222 (5.4) 1.13 (0.50–2.56)
Pulmonary hemorrhage 6/209 (2.9) 7/216 (3.2) 1.13 (0.39–3.30) 3/222 (1.4) 0.47 (0.12–1.86)
PDA 92/208 (44.2) 74/216 (34.3) 0.77 (0.61–0.98) 101/222 (45.5) 1.03 (0.83–1.27)
NEC 14/209 (6.7) 16/216 (7.4) 1.11 (0.55–2.21) 18/222 (8.1) 1.21 (0.69–2.54)
NEC surgery 9/209 (4.3) 7/215 (3.3) 0.75 (0.29–1.98) 12/222 (5.4) 1.25 (0.54–2.90)
Gastrointestinal perforation 10/209 (4.8) 6/216 (2.8) 0.58 (0.21–1.57) 7/221 (3.2) 0.66 (0.26–1.71)
Sepsis
Late-onset bacterial infectiona 27/205 (13.2) 25/214 (11.7) 0.89 (0.53–1.48) 17/220 (7.7) 0.59 (0.33–1.04)
Coagulase-negative staphylococcus 18/205 (8.8) 17/214 (7.9) 0.90 (0.48–1.71) 16/221 (7.2) 0.82 (0.43–1.57)
Late-onset fungal infection 3/205 (1.5) 3/214 (1.4) 0.96 (0.20–4.69) 1/221 (0.5) 0.31 (0.03–2.95)
Received cranial ultrasound 203/209 (97.1) 207/216 (95.8) 0.99 (0.95–1.02) 218/222 (98.2) 1.01 (0.98–1.04)
With any IVH, % 46/203 (22.7) 43/206 (20.9) 0.92 (0.64–1.33) 47/218 (21.6) 0.95 (0.66–1.36)
With severe IVH, % 12/203 (5.9) 8/206 (3.9) 0.66 (0.27–1.57) 6/218 (2.8) 0.47 (0.18–1.22)
PVL 2/190 (1.1) 6/204 (2.9) 2.79 (0.57–13.68) 3/206 (1.5) 1.38 (0.23–8.19)
Any ROP 65/183 (35.5) 61/180 (33.9) 0.95 (0.72–1.27) 85/192 (44.3) 1.25 (0.97–1.60)
Severe ROP 7/183 (3.8) 4/180 (2.2) 0.58 (0.17–1.95) 13/192 (6.8) 1.77 (0.72–4.34)

PDA indicates patent ductus arteriosus; NEC, necrotizing enterocolitis; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; ROP, retinopathy of prematurity.
a All bacterial pathogens, including coagulase-negative staphylococcus.
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ment was not mandated. Verder et al24

found that, when evaluating the INSURE
approach (Intubation, Surfactant, Extu-
bation) to surfactant treatment in pre-
term infants initially managed with
nCPAP, those who were treated earlier
with less severe disease had better
outcomes than those treated only after
requiring higher levels of supplemen-
tal oxygen. In the systematic review by
Stevens et al,12 infants selectively
treated with surfactant at a lower FIO2
threshold (�0.45) had fewer compli-
cations than those treated at a higher
FIO2. We chose an oxygen requirement
of�0.4 to prompt clinicians to strongly
consider intubation and surfactant
treatment. Using this criterion, only 45%
of thenCPAPgroupwas treatedwith sur-
factant, and there was no increase in
rate of pneumothorax. TheCURPAPstudy
used similar criteria for selective surfac-
tant treatment in the nCPAP group and
did not demonstrate an increase in
pneumothorax. If nCPAP is to be used to
stabilize very preterm infants after birth,
it is likely to be optimal if selective sur-
factant treatment is provided early in
their course, as soon as infants have
clear evidence of respiratory distress
syndrome.

Because this study could not be
blinded, there was a possibility of bias
influencing the outcomes if providers
managing the infants did not follow
strict guidelines. However, the as-
signed treatment strategy was suc-
cessfully applied in themajority of ran-
domly assigned infants. Fewer than
20% of the infants in the ISX and nCPAP
groups were unable to be managed as
intended. Clinicians choosing to adopt
either approach can expect successful
application in most cases when man-
aging infants born at 26 to 29 weeks.

CONCLUSIONS

We have shown that preterm neonates
born at 260⁄7 to 296⁄7 weeks’ gestation

who are initially managed with either
nCPAP or prophylactic surfactant with
rapid extubation to nCPAP seem to
have similar clinical outcomes to those
treated with prophylactic surfactant
followed by a period of mechanical
ventilation. An approach that uses
early nCPAP leads to a reduction in the
number of infants who are intubated
and receive surfactant. Because there
seems to be no negative effect to apply-
ing an elective early nCPAP approach
to these infants, it may be recom-
mended as a less invasive and poten-
tially less expensive method of
management.

PARTICIPATING CENTERS

Akron Children’s Hospital (Akron, OH);
Jennifer Grow, MD, and Judy Ohlinger,
RNC, MSN; Barbara Bush Children’s
Hospital at Maine Medical Center
(Portland, ME); Daniel B. Sobel, MD,
and Diane M. Wentzel-Carrier, NNP-BC;
Baystate Medical Center (Springfield,
MA); Robert Rothstein, MD, and Mari-
elle Morgan, PA; Beth Israel Deaconess
Medical Center (Boston, MA); John Zu-
pancic, MD, and Nina Koyama, RT; Cen-
tral DuPage Hospital (Winfield, IL); Jef-
frey Loughead, MD, and Rita Brennan,
RNC, DNP; Central Mississippi Medical
Center (Jackson, MS); John Rawson,
MD, and Luretha Smith, CNNP; Bronson
Children’s Hospital (Kalamazoo, MI);
Gerald Purdy, MD, and Jamie McCune,
RN; Connecticut Children’s Medical
Center (Hartford, CT); Victor Herson,
MD, and Jill Herr, APRN; Dartmouth-
Hitchcock Medical Center (Lebanon,
NH); William Edwards, MD, and Susan
Quinn, ARNP; Frankford Torresdale
Hospital (Philadelphia, PA); Gita Jani,
MD, and Carrie Hufnal-Miller, MD;
Helen DeVos Children’s Hospital
(Grand Rapids, MI); Benedict Doctor,
MD, and Marcia Gebben, RN, MS; Leg-
acy Emanuel Children’s Hospital (Port-
land, OR); Danna Premer, MD, and Jen-

nifer Zagorsky, RRT NPS; Mississippi
Baptist Health Systems (Jackson, MS);
Jason Miller, MD, and Helen Warren,
RN; Ochsner Medical Institutions (New
Orleans, LA); Jay P. Goldsmith, MD, and
Dawn Ricouard, RNC, BSN; Providence
St Vincent Medical Center (Portland,
OR); Joe Kaempf, MD, and Danielle
Whall; Rockford Memorial Hospital
(Rockford, IL); Pat Fett, MSN, and Gillian
Headley, MD; St CharlesMedical Center
(Bend, OR); T. Allen Merritt, MD, and
MaryannMerritt; St JosephMercy Hos-
pital (Ann Arbor, MI); Lisa Judge, MD,
and Amy Caruso, NNP; St Vincent Mercy
Children’s Hospital (Toledo, OH);
Moustafa Aouthmany, MD, and Joan
Zolla-Boldt, RNC; St Vincent Women’s
Hospital (Indianapolis, IN); Robert Jan-
sen, MD, and Lisa Bloom, NNP; Sanford
Children’s Hospital (Fargo, ND); Was-
eem Altaf, MD, and Lisa Sandaker, BS,
RRT; Summa Health System (Akron,
OH); Jennifer Grow, MD, and Theresa
Wagar-Flohr, RNC; Sunnybrook Health
Sciences Centre (Toronto, Ontario,
Canada); Michael Dunn, MD, and Mau-
reen Reilly, RRT; University of Califor-
nia Irvine Medical Center (Orange, CA);
Cherry Uy, MD, and Nancy Lee, NNP; Uni-
versity of Tennessee Medical Center
(Knoxville, TN); Mark E. Anderson, MD,
and Tara M. Burnette, MD; West Vir-
ginia University School of Medicine
(Morgantown, WV); Panatin Yossuck,
MD, andMark Polak, MD; Woman’s Hos-
pital (Baton Rouge, LA); Alston E. Dun-
bar III, MD, and Angelle Klar, MD; and
the Data Safety and Monitoring Com-
mittee, Steven M. Block, MB BCh, pro-
fessor of pediatrics, and Walter T.
Ambrosius, PhD, Department of Biosta-
tistical Sciences, Wake Forest Univer-
sity School of Medicine (Winston-
Salem, NC); and Thomas E. Young, MD,
WakeMed Faculty Physicians, Raleigh,
North Carolina School of Medicine, Uni-
versity of North Carolina (Chapel Hill,
NC).

ARTICLES

PEDIATRICS Volume 128, Number 5, November 2011 e1075
 at Asoc Espanola De Pediatria on December 26, 2011pediatrics.aappublications.orgDownloaded from 

pediatrics.aappublications.org/
http://pediatrics.aappublications.org/


REFERENCES

1. Stoll BJ, Hansen NI, Bell EF, et al. Neonatal
outcomes of extremely preterm infants
from the NICHD Neonatal Research Net-
work. Pediatrics. 2010;126(3):443–456

2. Jobe AH. Pulmonary surfactant therapy. N
Engl J Med. 1993;328(12):861–868

3. Soll R, Özek E. Prophylactic animal-derived
surfactant extract for preventing morbidity
and mortality in preterm infants. Cochrane
Database Syst Rev. 1997;(4):CD000511

4. Seger N, Soll R. Animal-derived surfactant
extract for treatment of respiratory dis-
tress syndrome. Cochrane Database Syst
Rev. 2009;(2):CD007836

5. Soll RF, Morley CJ. Prophylactic versus se-
lective use of surfactant in preventing mor-
bidity and mortality in preterm infants. Co-
chrane Database Syst Rev . 2001;(2):
CD000510

6. Avery ME, Tooley WH, Keller JB, et al. Is
chronic lung disease in low birth weight in-
fants preventable? A survey of eight cen-
ters. Pediatrics. 1987;79(1):26–30

7. Finer N, Carlo W, Duara S, et al. Delivery
room continuous positive airway pressure/
positive end-expiratory pressure in ex-
tremely low birth weight infants: a feasibil-
ity trial. Pediatrics. 2004;114(3):651–657

8. Gittermann MK, Fusch C, Gitterman AR, Re-
gazzoni BM, Moessinger AC. Early nasal con-
tinuous positive airway pressure treatment
reduces the need for intubation in very low
weight infants. Eur J Pediatr. 1997;156(5):
384–388

9. Jacobsen T, Gronvall J, Petersen S, Ander-
sen GE. “Minitouch” treatment of very low

birth- weight infants. Acta Paediatr. 1993;
82(11):934–938

10. De Klerk AM, De Klerk RK. Nasal continuous
positive airway pressure and outcomes of
preterm infants. J Paediatr Child Health.
2001;37(2):161–167

11. Kamper J, Wulff K, Larsen C, Lindquist S.
Early treatment with nasal continuous pos-
itive airway pressure in very low birth
weight infants. Acta Paediatr. 1993;82(2):
193–197

12. Stevens TP, Blennow M, Myers EH, Soll R.
Early surfactant administration with brief
ventilation versus selective surfactant and
continued mechanical ventilation for pre-
term infants with or at risk for respiratory
distress syndrome. Cochrane Database
Syst Rev. 2007;(4):CD003063

13. Jobe AH, Bancalari E. Bronchopulmonary
dysplasia. Am J Respir Crit Care Med. 2001;
163(7):1723–1729

14. Walsh MC, Wilson-Costello D, Zadell A, New-
man N, Fanaroff A. Safety, reliability, and va-
lidity of a physiologic definition of broncho-
pulmonary dysplasia. J Perinatol. 2003;
23(6):451–456

15. Vermont Oxford Network Database. Manual
of Operations. Burlington, VT: Vermont Ox-
ford Network; 2003

16. Morley CJ, Davis PG, Doyle LW, Brion LP, Has-
coet JM, Carlin JB for the COIN Trial Investi-
gators. Nasal CPAP or intubation at birth for
very preterm infants. N Engl J Med. 2008;
358(7):700–708

17. SUPPORT Study Group of the Eunice Kennedy
Shriver NICHD Neonatal Research Network,
Finer NN, Carlo WA, et al. Early CPAP versus

surfactant in extremely preterm infants. N
Engl J Med. 2010;362(21):1970–1979

18. Sandri F, Plavka R, Ancora G, et al. for the
CURPAP Study Group. Prophylactic or early
selective surfactant combined with nCPAP
in very preterm infants. Pediatrics. 2010;
125(6). Available at: www.pediatrics.org/
cgi/content/full/125/6/e1402

19. Rojas MA, Lozano JM, Rojas MX, et al. Very early
surfactantwithoutmandatory ventilation inpre-
mature infants treated with early continuous
positive airway pressure: a randomized, con-
trolled trial. Pediatrics. 2009;123(1):137–142

20. Nilsson R, Grossmann G, Robertson B. Bron-
chiolar epithelial lesions induced in the pre-
mature rabbit neonate by short periods of
artificial ventilation. Acta Pathol Microbiol
Scand A. 1980;88(6):359–367

21. Zola EM, Overbach AM, Gunkel JH, et al.
Treatment investigational new drug experi-
ence with Survanta (beractant). Pediatrics.
1993;91(3):546–551

22. Ammari A, Suri M, Milisavljevic V, et al. Vari-
ables associated with the early failure of
nasal CPAP in very low birth weight infants.
J Pediatr. 2005;147(3):341–347

23. Yost CC, Soll RF. Early versus delayed selec-
tive surfactant treatment for neonatal re-
spiratory distress syndrome. Cochrane Da-
tabase Syst Rev. 2000;(2):CD001456

24. Verder H, Albertsen P, Ebbesen F, et al. Nasal
continuous positive airway pressure and
early surfactant therapy for respiratory
distress syndrome in newborns of less than
30 weeks’ gestation. Pediatrics. 1999;
103(2). Available at: www.pediatrics.org/
cgi/content/full/103/2/e24

e1076 DUNN et al
 at Asoc Espanola De Pediatria on December 26, 2011pediatrics.aappublications.orgDownloaded from 

www.pediatrics.org/cgi/content/full/125/6/e1402
www.pediatrics.org/cgi/content/full/125/6/e1402
www.pediatrics.org/cgi/content/full/103/2/e24
www.pediatrics.org/cgi/content/full/103/2/e24
http://pediatrics.aappublications.org/


DOI: 10.1542/peds.2010-3848
; originally published online October 24, 2011; 2011;128;e1069Pediatrics

Oxford Network DRM Study Group
Diantha Howard, Karla Ferrelli, Jeanette O'Conor, Roger F. Soll and for the Vermont 

Michael S. Dunn, Joseph Kaempf, Alan de Klerk, Rose de Klerk, Maureen Reilly,
Management of Preterm Neonates

Randomized Trial Comparing 3 Approaches to the Initial Respiratory
 
 

 Services
Updated Information &

 html
http://pediatrics.aappublications.org/content/128/5/e1069.full.
including high resolution figures, can be found at:

References

 html#ref-list-1
http://pediatrics.aappublications.org/content/128/5/e1069.full.
at:
This article cites 16 articles, 6 of which can be accessed free

Subspecialty Collections

 _and_newborn
http://pediatrics.aappublications.org/cgi/collection/premature
Premature & Newborn
the following collection(s):
This article, along with others on similar topics, appears in

Permissions & Licensing

 ml
http://pediatrics.aappublications.org/site/misc/Permissions.xht
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 http://pediatrics.aappublications.org/site/misc/reprints.xhtml

Information about ordering reprints can be found online:

rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.
Grove Village, Illinois, 60007. Copyright © 2011 by the American Academy of Pediatrics. All 
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
publication, it has been published continuously since 1948. PEDIATRICS is owned, published, 
PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly

 at Asoc Espanola De Pediatria on December 26, 2011pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/content/128/5/e1069.full.html
http://pediatrics.aappublications.org/content/128/5/e1069.full.html#ref-list-1
http://pediatrics.aappublications.org/cgi/collection/premature_and_newborn
http://pediatrics.aappublications.org/site/misc/Permissions.xhtml
http://pediatrics.aappublications.org/site/misc/reprints.xhtml
http://pediatrics.aappublications.org/

	Randomized Trial Comparing 3 Approaches to the Initial Respiratory Management of Preterm Neonates
	METHODS
	Study Design
	Study Interventions
	Primary and Secondary Outcomes
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	PARTICIPATING CENTERS
	REFERENCES


