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ABSTRACT

BACKGROUND
Bronchopulmonary dysplasia is associated with ventilation and oxygen treatment.
This randomized trial investigated whether nasal continuous positive airway pressure
(CPAP), rather than intubation and ventilation, shortly after birth would reduce the
rate of death or bronchopulmonary dysplasia in very preterm infants.

METHODS
We randomly assigned 610 infants who were born at 25-to-28-weeks’ gestation to
CPAP or intubation and ventilation at 5 minutes after birth. We assessed outcomes
at 28 days of age, at 36 weeks’ gestational age, and before discharge.

RESULTS
At 36 weeks’ gestational age, 33.9% of 307 infants who were assigned to receive
CPAP had died or had bronchopulmonary dysplasia, as compared with 38.9% of 303
infants who were assigned to receive intubation (odds ratio favoring CPAP, 0.80;
95% confidence interval [CI], 0.58 to 1.12; P=0.19). At 28 days, there was a lower
risk of death or need for oxygen therapy in the CPAP group than in the intubation
group (odds ratio, 0.63; 95% CI, 0.46 to 0.88; P=0.006). There was little difference
in overall mortality. In the CPAP group, 46% of infants were intubated during the
first 5 days, and the use of surfactant was halved. The incidence of pneumothorax
was 9% in the CPAP group, as compared with 3% in the intubation group (P<0.001).
There were no other serious adverse events. The CPAP group had fewer days of
ventilation.

CONCLUSIONS
In infants born at 25-to-28-weeks’ gestation, early nasal CPAP did not significantly
reduce the rate of death or bronchopulmonary dysplasia, as compared with intu-
bation. Even though the CPAP group had more incidences of pneumothorax, fewer
infants received oxygen at 28 days, and they had fewer days of ventilation. (Austra-
lian New Zealand Clinical Trials Registry number, 12606000258550.)
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NASAL CPAP OR INTUBATION AT BIRTH FOR VERY PRETERM INFANTS

ORTWO DECADES, THE STANDARD TREAT-

ment for very preterm infants was with as-

sisted ventilation and surfactant.»:> However,
since ventilation may damage the lungs,># it has
been hypothesized that the avoidance of ventila-
tion might lead to less bronchopulmonary dys-
plasia.

Bronchopulmonary dysplasia>®° is a major cause
of mortality and morbidity in very preterm in-
fants.” Despite the increased use of antenatal cor-
ticosteroids,® surfactant,? and improved ventilation
techniques, the incidence has not decreased.'®1
Observational studies of variations in clinical prac-
tice have suggested that treating very preterm in-
fants with nasal continuous positive airway pres-
sure (CPAP) during resuscitation is possible and
may reduce the intubation rate and incidence of
bronchopulmonary dysplasia without increasing
morbidity.?12-23

Some studies have suggested that CPAP may
be started at birth for most infants of more than
25 weeks’ gestation.2* However, observational
studies alone do not provide strong enough evi-
dence to justify changing clinical practice. Stud-
ies of the early use of CPAP?52° have cited the need
for a randomized, controlled trial comparing CPAP
with intubation and ventilation. One randomized
trial involving 104 infants showed the feasibility
of the early use of CPAP but was not designed to
evaluate safety and efficacy.3°

In the randomized, controlled Continuous Pos-
itive Airway Pressure or Intubation at Birth (COIN)
trial, we based our comparison of CPAP with intu-
bation and ventilation on the hypothesis that the
use of CPAP shortly after birth would reduce the
rates of death and bronchopulmonary dysplasia
(defined as the need for oxygen treatment at 36
weeks’ gestational age).

METHODS

STUDY DESIGN
We organized an international, multicenter trial
in perinatal centers, which was approved by the
local institutional review board or ethics commit-
tee at each center. The study was funded by the
Australian National Health and Medical Research
Council. The trial coordinator monitored data col-
lection, entry, and checking. An independent data
and safety monitoring committee reviewed the data
after the enrollment of each group of 100 infants.
The eligibility criteria for infants were a gesta-

tional age at delivery between 25 weeks 0 days and
28 weeks 6 days, no known condition that might
adversely affect breathing after birth apart from
prematurity, birth in a hospital participating in the
trial, and an ability to breathe at 5 minutes after
birth but needing respiratory support because of
increased respiratory effort, grunting respiration,
or cyanosis. Infants were ineligible if they had
been intubated before randomization or if they
required no respiratory support or oxygen. Writ-
ten informed consent from parents was obtained
before delivery.

RANDOMIZATION
Infants were assigned to receive either nasal CPAP
or intubation and ventilation in a 1:1 ratio with
variable block sizes. Randomization was stratified
according to center and gestational age (25 or 26
weeks and 27 or 28 weeks) and was performed by
an independent statistician, who prepared sequen-
tially numbered, sealed, opaque envelopes.

STUDY INTERVENTION
After birth, the infants received mask ventilation
if required. At 5 minutes after birth, the clinician
leading the resuscitation team decided whether
ongoing respiratory support was needed. If the
infant fulfilled the entry criteria, the randomiza-
tion envelope was opened and the allocated treat-
ment was started immediately.

Nasal CPAP was started at a pressure of 8 cm of
water with short single or binasal prongs. After
infants were admitted to the nursery, short bina-
sal prongs were used. The CPAP pressure could
then be altered as required.

Infants who were assigned to receive CPAP were
intubated and underwent ventilation only if they
had any of the following symptoms: apnea unre-
sponsive to stimulation and methlyxanthine treat-
ment (>6 episodes requiring stimulation in 6 hours
or requiring >1 episode of positive-pressure ven-
tilation), an arterial pH of less than 7.25 with a
partial pressure of arterial carbon dioxide (PaCO,)
of more than 60 mm Hg (8.0 kPa), metabolic aci-
dosis not responsive to treatment, or treatment
with more than a 60% concentration of oxygen.
Infants receiving CPAP could be treated with sur-
factant only after intubation. Criteria for extuba-
tion were not specified. Surfactant treatment,
ventilation settings, and extubation and reintuba-
tion criteria were not mandated and followed lo-
cal protocols.
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PRIMARY AND SECONDARY OUTCOMES

The primary outcome was death or bronchopul-
monary dysplasia (defined as the need for oxygen
treatment at 36 weeks’ gestational age).

Prespecified secondary outcomes were the in-
cidence of intubation, reasons for intubation, the
need for oxygen treatment at 28 days, the frac-
tion of inspired oxygen (F10,) at 36 weeks’ ges-
tational age, the incidence of air leaks and intra-
cranial hemorrhages, the duration of ventilation
and CPAP, the number of days in the hospital, the
number of days to regain birth weight, methyl-
xanthine treatment, treatment with postnatal cor-
ticosteroids, and the dose of surfactant.

Data were collected on infants until their death
or discharge from hospital. The F10, at 36 weeks’
gestational age was recorded for infants treated
with oxygen or calculated for infants treated with
oxygen by nasal cannula at various flow rates and
concentrations.3?

STATISTICAL ANALYSIS
On the basis of data from the Australian and New
Zealand Neonatal Network for 1997 and 1998, we
estimated that the rate of the primary outcome
for all infants born at 25-to-28-weeks’ gestation
was 43%.3! We anticipated a lower rate of bron-
chopulmonary dysplasia among the infants in our
study, since the need for antenatal consent exclud-
ed infants who were born outside a hospital, who
required urgent delivery, or who were so ill that
they required immediate intubation at birth. We
estimated that the rate of death or bronchopul-
monary dysplasia in infants eligible for the trial
would be 30%. For a reduction of one third in this
rate (to 20%), 600 infants were needed with a two-
tailed type I error rate of 0.05 and a power of 80%.

The analysis was performed according to the
intention-to-treat principle. Odds ratios with 95%
confidence intervals and chi-square tests were
used to compare proportions between the two
study groups for the main dichotomous outcomes.
Other dichotomous outcomes were compared with
the use of Fisher’s exact test because some out-
comes were rare. All reported P values are two-
sided. The Wilcoxon rank-sum test was used to
compare continuous outcomes with highly skewed
distribution. For the main dichotomous outcomes,
adjusted odds ratios and confidence intervals were
also estimated with the use of multivariable logis-
tic regression in order to control for potentially
confounding effects of center, sex, gestational age,

maternal use of antenatal corticosteroids, and
multiple births. The analysis for the primary out-
come was repeated with the use of the method
of generalized estimating equations to account
for correlation of outcomes between infants who
were part of the same multiple birth, but results
were substantially unaffected and are not report-
ed. All analyses were performed with the use of
Stata statistical software, version 9.2 (StataCorp).

RESULTS

The numbers of infants who were eligible for the
study, who were not enrolled or ineligible, and who
were randomly assigned to receive nasal CPAP or
intubation and ventilation are shown in Figure 1.
A total of 610 infants were enrolled between April
27, 1999, and March 23, 2006: 329 in Australia
and New Zealand, 91 in the United States and
Canada, and 190 in Europe. The demographic and
clinical characteristics at randomization were simi-
lar in the two groups (Table 1).

The unadjusted odds ratio for the primary out-
come of death or oxygen treatment at 36 weeks’
gestation comparing the CPAP group with the in-
tubation group was 0.80 (95% confidence inter-
val [CI], 0.58 to 1.12; P=0.19) (Table 2). The un-
adjusted reduction in absolute risk was 5% (95%
Cl, -3 to 13). The comparison was not substan-
tially changed by adjustment with the use of logis-
tic regression, as described. The addition of respi-
ratory support (treatment with CPAP or intubation
and ventilation) at 36 weeks’ gestational age to
the outcome definition made little difference to
the estimated effect. For the gestational-age sub-
groups, the odds ratio for the primary outcome
was 0.99 for the group born at 25 or 26 weeks’
gestation and 0.72 for the group born at 27 or 28
weeks’ gestation in favor of the CPAP group but
with no evidence for a true difference in effect
between strata (P=0.37 for interaction). There was
no significant difference in mortality between the
two groups, whether considered as a whole or
within the age subgroups; most of the difference
between the groups was in the need for oxygen
treatment.

At 36 weeks’ gestational age, the majority of
surviving infants in both groups were treated with
no or very little supplemental oxygen. The 75th and
90th percentiles for the inspired oxygen concen-
tration were 22% and 27%, respectively, for the
intubation group, as compared with 21% and 28%,
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2165 Infants unde

rwent assessment

1549 Were not enrolled
60 Consented but did not
undergo randomization
32 Had missing envelope
26 Had unopened envelope
2 Had sudden delivery
1489 Did not provide consent
418 Did not state reason
411 Had insufficient time
before delivery
301 Did not meet inclusion
criteria
233 Refused consent
126 Were not approached

616 Underwent

randomization

310 Were assigned to
receive nasal CPAP

306 Were assigned to receive
intubation and ventilation

3 Were ineligible
1 Was intubated before
randomization
1 Had a major abnormality
1 Did not breathe before
randomization

3 Were ineligible
1 Was intubated before
randomization
2 Had major abnormalities

307 Were followed until discharge
or death and underwent analysis

303 Were followed until discharge
or death and underwent analysis

Figure 1. Enrollment and Outcomes.

respectively, for the CPAP group. At 36 weeks’ ges-
tational age, an oxygen concentration of 30% or
more was received by only 8.8% of the intubation
group and 9.4% of the CPAP group (P=0.80), and
only 1.3% of the CPAP group and 1.4% of the in-
tubation group received either ventilation or CPAP.

At 28 days of age, the unadjusted odds ratio
for death or need for oxygen treatment was 0.63
(95% CI, 0.46 to 0.88; P=0.006) in favor of the
CPAP group (Table 3). This result was not great-
ly altered by adjustment for the above-mentioned
covariates (adjusted odds ratio, 0.59; 95% CI, 0.41
to 0.85; P=0.005). The addition of respiratory sup-
port at 28 days to this outcome did little to alter
the effect. For the gestational-age strata, the un-
adjusted odds ratios were similar: for infants born
at 25 or 26 weeks’ gestation, 0.54 (95% CI, 0.27

to 1.08), and for those born at 27 or 28 weeks’
gestation, 0.65 (95% CI, 0.44 to 0.96). The 50th,
75th, and 90th percentiles for the inspired oxygen
concentration at 28 days were 23%, 29%, and 39%,
respectively, for the intubation group and 21%,
25%, and 37%, respectively, for the CPAP group.
Detailed data were collected during the first
5 days of life. The intubation rate for the CPAP
group was 46%, with a rate of 55% for infants
born at 25 or 26 weeks’ gestation and 40% for
those born at 27 or 28 weeks’ gestation. The me-
dian time for intubation was 6.6 hours (interquar-
tile range, 2.2 to 19.3). The reasons for intubation
were as follows: a F10, of 0.60 or more (53% of
infants), a PaCO, of more than 60 mm Hg (8.0
kPa) (41%), apneic episodes (38%), or metabolic
acidosis unresponsive to treatment (21%); some

N ENGLJ MED 358;7 WWW.NEJM.ORG FEBRUARY 14, 2008

Downloaded from www.nejm.org on August 29, 2008 . For personal use only. No other uses without permission.

Copyright © 2008 Massachusetts Medical Society. All rights reserved.

703



The NEW ENGLAND JOURNAL of MEDICINE

Table 1. Baseline Demographic and Clinical Characteristics of the Patients.*
CPAP Intubation
Characteristic (N=307) (N=303) P Valuey
Gestational age (wk) 26.91+1.0 26.87+1.0 0.63
Gestational age of 25 or 26 wk (%) 33 35 0.59
Birth weight (g) 964+212  952+217 0.48
Use of antenatal corticosteroids (%) 94 94 0.76
Cesarean section (%) 66 69 0.51
Mother in labor (%) 65 66 0.82
Rupture of membranes (days before
birth)

Median 0 0 0.65

Interquartile range 0-2 0-1
Male sex (%) 49 56 0.05
Multiple births () 35 32 057
Resuscitation device used (%) 0.13

None 195 13.9

Self-inflating bag 14.7 16.5

Self-inflating bag plus CPAP 13.0 14.2

Flow-inflating bag 5.2 6.6

Neopuff or bubble CPAP 47.2 46.5
Apgar score at 5 minutes

Median 9 8 0.001

Interquartile range 8-9 8-9

* Plus—minus values are means +SD. CPAP denotes continuous positive airway

pressure.

7 P values were calculated by the t-test, the chi-square test, or the Mann—

Whitney test.

I In this category, eight infants (1.3%) were excluded because the resuscitation
method was classified as “other.”

704

infants had multiple reasons for intubation. An-
other 39 patients in the CPAP group (12.7%) were
intubated after 5 days of age.

The median daily F1IO, was approximately 0.21
in both groups during the first 5 days. After day 3,
fewer than half the infants in both groups were
undergoing ventilation. The lowest and highest
PaCO, levels were similar in both groups during
the first 5 days.

Other secondary outcomes are shown in Ta-
ble 4. The use of surfactant was halved in the
CPAP group, as compared with the intubation
group. In the CPAP group, the incidence of pneu-
mothorax was significantly increased, with a
similar difference between both gestational-age
subgroups in the two study groups. There were
28 pneumothoraxes in the CPAP group, with 36%
detected on day 0, 43% on day 1, and 18% on

N ENGLJ MED 358;7 WWW.NEJM.ORG

day 3. However, this increase did not translate into
a need for more respiratory support in the CPAP
group. Indeed, days of ventilation were signifi-
cantly reduced. There was weak evidence of fewer
days of supplemental oxygen in the CPAP group
(P=0.07). There were no other substantial differ-
ences between the groups for other secondary
outcomes, nor was there evidence that differences
between study groups varied according to gesta-
tional-age subgroup.

DISCUSSION

There was no statistical evidence of a difference
in the combined outcome of death or bronchopul-
monary dysplasia at 36 weeks’ gestational age be-
tween infants who were assigned to receive early
nasal CPAP and those who were assigned to re-
ceive intubation. However, at 36 weeks’ gesta-
tional age, only 9% of infants in each group of
survivors were receiving an oxygen concentration
of 30% or more. The benefits of CPAP included a
lower risk of the combined outcome of death or
the need for oxygen therapy at 28 days and fewer
days of assisted ventilation. A side effect of CPAP
was an increase in the number of pneumotho-
raxes. Overall, starting early CPAP treatment in
very preterm infants was not detrimental.

We randomly assigned infants to study groups
after birth rather than antenatally to avoid inap-
propriate enrollment of infants with apnea in
the CPAP group. This procedure reflected clinical
practice in which the type of respiratory treatment
is determined after observation in the minutes af-
ter birth.

The use of surfactant has become standard
treatment for very preterm infants.?*34 However,
in these randomized trials of surfactant, infants
were electively intubated and rarely received early
CPAP; in addition, few of the infants had received
antenatal corticosteroid treatment. At the time our
trial began, there was increasing observational
evidence that very preterm infants who were
treated with early CPAP did not require either ven-
tilation or the use of surfactant.*> We considered
that early CPAP needed a randomized trial to de-
fine the effects.

Even though only half the infants in the CPAP
group received surfactant, there was no difference
in F10, or maximum PaCO, between the study
groups during the first 5 days. Infants in the CPAP
group required a significantly lower rate of oxygen
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