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A B S T R A C T

Background

Both prophylactic and early surfactant replacement therapy reduce mortality and pulmonary complications in ventilated infants with

respiratory distress syndrome (RDS) compared with later selective surfactant administration. However, continued post-surfactant

intubation and ventilation are risk factors for bronchopulmonary dysplasia (BPD). The purpose of this review was to compare outcomes

between two strategies of surfactant administration in infants with RDS; prophylactic or early surfactant administration followed by

prompt extubation, compared with later, selective use of surfactant followed by continued mechanical ventilation.

Objectives

To compare two treatment strategies in preterm infants with or at risk for RDS: early surfactant administration with brief mechanical

ventilation (less than one hour) followed by extubation vs. later selective surfactant administration, continued mechanical ventilation,

and extubation from low respiratory support. Two populations of infants receiving early surfactant were considered: spontaneously

breathing infants with signs of RDS (who receive surfactant administration during evolution of RDS prior to requiring intubation for

respiratory failure) and infants at high risk for RDS (who receive prophylactic surfactant administration within 15 minutes after birth).

Search strategy

Searches were made of the Oxford Database of Perinatal Trials, MEDLINE (1966 - December 2006), CINAHL (1982 to December

Week 2, 2006), EMBASE (1980 - December 2006), Cochrane Central Register of Controlled Trials (CENTRAL, The Cochrane

Library, Issue 4, 2006), Pediatric Research (1990 - 2006), abstracts, expert informants and hand searching. No language restrictions

were applied.

Selection criteria

Randomized or quasi-randomized controlled clinical trials comparing early surfactant administration with planned brief mechanical

ventilation (less than one hour) followed by extubation vs. selective surfactant administration continued mechanical ventilation, and

extubation from low respiratory support.

Data collection and analysis

Data were sought regarding effects on the incidence of mechanical ventilation (ventilation continued or initiated beyond one hour

after surfactant administration), incidence of bronchopulmonary dysplasia (BPD), chronic lung disease (CLD), mortality, duration

of mechanical ventilation, duration of hospitalization, duration of oxygen therapy, duration of respiratory support (including CPAP

and nasal cannula), number of patients receiving surfactant, number of surfactant doses administered per patient, incidence of air leak

1Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants

with or at risk for respiratory distress syndrome (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



syndromes (pulmonary interstitial emphysema, pneumothorax), patent ductus arteriosus requiring treatment, pulmonary hemorrhage,

and other complications of prematurity. Stratified analysis was performed according to inspired oxygen threshold for early intubation

and surfactant administration in the treatment group: inspired oxygen within lower (FiO2< 0.45) or higher (FiO2 > 0.45) range at

study entry. Treatment effect was expressed as relative risk (RR) and risk difference (RD) for categorical variables, and weighted mean

difference (WMD) for continuous variables.

Main results

Six randomized controlled clinical trials met selection criteria and were included in this review. In these studies of infants with signs

and symptoms of RDS, intubation and early surfactant therapy followed by extubation to nasal CPAP (NCPAP) compared with later

selective surfactant administration was associated with a lower incidence of mechanical ventilation [typical RR 0.67, 95% CI 0.57,

0.79], air leak syndromes [typical RR 0.52, 95% CI 0.28, 0.96] and BPD [typical RR 0.51, 95% CI 0.26, 0.99]. A larger proportion

of infants in the early surfactant group received surfactant than in the selective surfactant group [typical RR 1.62, 95% CI 1.41, 1.86].

The number of surfactant doses per patient was significantly greater among patients randomized to the early surfactant group [WMD

0.57 doses per patient, 95% CI 0.44, 0.69]. In stratified analysis by FIO2 at study entry, a lower threshold for treatment (FIO2< 0.45)

resulted in lower incidence of airleak [typical RR 0.46 and 95% CI 0.23, 0.93] and BPD [typical RR 0.43, 95% CI 0.20, 0.92]. A

higher treatment threshold (FIO2 > 0.45) at study entry was associated with a higher incidence of patent ductus arteriosus requiring

treatment [typical RR 2.15, 95% CI 1.09, 4.13].

Authors’ conclusions

Early surfactant replacement therapy with extubation to NCPAP compared with later selective surfactant replacement and continued

mechanical ventilation with extubation from low ventilator support is associated with less need mechanical ventilation, lower incidence

of BPD and fewer air leak syndromes. A lower treatment threshold (FIO2< 0.45) confers greater advantage in reducing the incidences of

airleak syndromes and BPD; moreover a higher treatment threshold (FIO2 at study > 0.45) was associated with increased risk of PDA.

These data suggest that treatment with surfactant by transient intubation using a low treatment threshold (FIO2< 0.45) is preferable

to later, selective surfactant therapy by transient intubation using a higher threshold for study entry (FIO2 > 0.45) or at the time of

respiratory failure and initiation of mechanical ventilation.

P L A I N L A N G U A G E S U M M A R Y

Respiratory distress syndrome (RDS) is the single most important cause of illness and death in preterm infants. Common treatments for

RDS include supplemental oxygen and nasal continuous positive airway pressure (NCPAP). For severe RDS, surfactant administration

during mechanical ventilation is used. Although treating RDS with surfactant improves clinical outcomes, mechanical ventilation can

cause lung injury in preterm infants with RDS and contribute to the development of chronic lung disease (oxygen requirements at 36

weeks) and bronchopulmonary dysplasia (requirement for supplementary oxygen at 28 days, BPD). An important question is whether

giving early surfactant with planned brief mechanical ventilation followed by prompt extubation (to NCPAP) is better than selectively

giving surfactant when RDS has worsened causing respiratory insufficiency necessitating mechanical ventilation.

The review authors identified six randomized trials reported between 1994 and 2006 that met the selection criteria for this review.

A strategy of early surfactant administration with extubation to NCPAP was associated with significant reductions in the need for

mechanical ventilation, fewer air leak syndromes (such as pneumothorax) and lower incidence of BPD compared with a strategy of

later selective surfactant administration and continued mechanical ventilation in infants with RDS. The findings suggest that a lower

treatment threshold (oxygen requirement < 0.45) confers greater advantage than does a higher treatment threshold (oxygen requirement

> 0.45).

An early surfactant therapy strategy results in a greater number of infants receiving surfactant and so more infants being exposed to

the potential risks of intubation and surfactant administration. Although no complications of surfactant administration were reported

in the studies reviewed, infants treated with an early surfactant therapy strategy tended to have a higher prevalence of patent ductus

arteriosus (PDA). Two trials were terminated prior to achieving the targeted enrollment when the need for mechanical ventilation was

found to be significantly different between groups at a scheduled interim analysis. Two other trials experienced slow enrollment leading

to reduced numbers.
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B A C K G R O U N D

Respiratory distress syndrome (RDS) is the single most impor-

tant cause of morbidity and mortality in preterm infants (Gree-

nough 2002). Clinical trials have shown that surfactant replace-

ment therapy in RDS decreases mortality and improves clinical

outcomes of ventilated premature newborns (Soll 2002a). Trials

have studied the optimal surfactant preparation, dose and time

of administration. For infants at high risk for RDS, prophylactic

(pre- or post-ventilation) or early (< 2 hours of age) surfactant

replacement therapy compared to later selective surfactant admin-

istration of established RDS significantly improves survival and

reduces the incidence of bronchopulmonary dysplasia (BPD) or

death, and incidence of air leak (Gortner 1998; Yost 2002; Soll

2002b). However, despite the benefits of surfactant replacement

therapy, BPD continues to be a clinically important complication

of preterm birth and RDS (Yost 2002; Soll 2002a).

Previous systematic reviews of surfactant replacement therapy have

evaluated trials that used a surfactant administration paradigm

consisting of endotracheal intubation, surfactant administration,

stabilization and intermittent positive pressure ventilation (IPPV)

followed by extubation when stable on low respiratory support.

IPPV for preterm infants with RDS has long been recognized to

contribute to lung injury, which may lead to the development of

bronchopulmonary dysplasia (BPD) (Northway 1967). Early im-

plementation of continuous distending pressure (CDP) can avoid

mechanical ventilation and prolonged intubation (Jonsson 1997;

Kamper 1999) and is an effective treatment for RDS (Ho 2002).

CDP has been applied as a continuous positive airway pressure

(CPAP) using a nasopharyngeal tube or nasal prongs (NCPAP),

or as a continuous negative pressure (CNP) applied externally to

the thorax with a seal around the neck.

As early as 1971, Gregory and colleagues reported that CPAP was

an effective treatment for RDS that reduced the need for mechan-

ical ventilation (Gregory 1971). In 1987, Avery speculated that

greater use of CPAP was associated with a lesser risk of BPD (Avery

1987). A recent observational study comparing the prevalence of

chronic lung disease (CLD, oxygen at 36 weeks postmenstrual age)

at three large NICUs identified initiation of mechanical ventilation

as the major risk factor associated with an increased risk of CLD

among very low birth weight infants (Van Marter 2000). Combi-

nation therapy with CPAP and surfactant replacement therapy of-

fers potential synergy to treat RDS, avoid mechanical ventilation,

and prevent lung injury that may lead to development of BPD.

This review evaluates the effect of surfactant administration via

endotracheal instillation with a planned brief (< 1 hour) period of

mechanical ventilation followed by extubation vs. more conven-

tional management consisting of selective surfactant administra-

tion followed by continued mechanical ventilation and extubation

from low respiratory support in previously non-intubated infants

with RDS.

O B J E C T I V E S

To compare two treatment strategies for RDS: early surfactant

administration with brief mechanical ventilation (less than one

hour) followed by early extubation vs. later selective surfactant

administration, continued mechanical ventilation and extubation

from low respiratory support in previously non-intubated infants

with RDS.

These two management strategies were compared in two popula-

tions of premature infants:

1. In spontaneously breathing infants with signs of RDS. Early in-

tubation for surfactant administration followed by brief mechan-

ical ventilation with planned extubation within one hour (treat-

ment group) was compared with later intubation after progression

of respiratory insufficiency, surfactant administration and contin-

ued mechanical ventilation with extubation from low respiratory

support (control group). Subgroup analyses were planned accord-

ing to:

i) Inspired oxygen threshold for early intubation and surfactant

administration in the treatment group: inspired oxygen within

lower (FiO2< 0.45) or higher (FiO2 > 0.45) range at study entry

ii) Method of extubation of treatment group: extubation to NC-

PAP or extubation to atmospheric pressure

2. In spontaneously breathing infants at risk of RDS who are

< 15 minutes of age. Prophylactic intubation for surfactant ad-

ministration at < 15 minutes of age followed by brief mechanical

ventilation with planned extubation within one hour (treatment

group) was compared with later, selective intubation after signs of

RDS develop, surfactant administration and continued mechani-

cal ventilation with extubation from low respiratory support (con-

trol group). Subgroup analyses was planned according to:

i) Inspired oxygen threshold for intubation and selective surfactant

administration in the control group: inspired oxygen within lower

(FiO2< 0.45) or higher (FiO2> 0.45) range

ii) Method of extubation of the treatment group: extubation to

NCPAP or extubation to atmospheric pressure

C R I T E R I A F O R C O N S I D E R I N G

S T U D I E S F O R T H I S R E V I E W

Types of studies

Trials using random or quasi-random allocation to a treatment

strategy consisting of surfactant administration via endotracheal

instillation with a planned brief (< 1 hour) period of mechanical

ventilation followed by extubation vs. more conventional manage-

ment consisting of selective surfactant administration followed by

continued mechanical ventilation and extubation from low respi-

ratory support .
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Types of participants

Infants < 37 weeks’ gestation with signs of RDS (oxygen require-

ment, respiratory distress and consistent chest radiograph) or in-

fants < 32 weeks gestation considered to be at high risk for RDS.

Types of intervention

Study group: Infants allocated to a strategy consisting of intuba-

tion, prophylactic or early surfactant administration, brief venti-

lation (< 1 hour) and planned rapid extubation.

Control group: Infants allocated to conventional treatment con-

sisting of selective surfactant administration followed by contin-

ued mechanical ventilation and extubation from low respiratory

support.

Types of outcome measures

Primary outcomes

1. Need for mechanical ventilation (incidence of ventilation con-

tinuing for one hour or more after surfactant administration in

the early treatment group or initiated for respiratory insufficiency

or apnea in either group)

2. Incidence of bronchopulmonary dysplasia (BPD, need for oxy-

gen at 28 days of age)

3. Incidence of chronic lung disease (CLD, need for oxygen at 36

weeks postmenstrual age)

4. Incidence of neonatal mortality (mortality < 28 days of age)

5. Incidence of mortality prior to hospital discharge

Secondary outcomes

1. duration of mechanical ventilation (days)

2. duration of hospitalization (days)

3. duration in oxygen (days)

4. duration of any respiratory support (mechanical ventilation,

CPAP and nasal cannula) (days)

5. number of patients receiving surfactant

6. number of surfactant doses per patient

7. incidence of air leak syndromes (pulmonary interstitial emphy-

sema, pneumothorax)

8. intraventricular hemorrhage (any and severe, grade 3 - 4)

9. patent ductus arteriosus

10. necrotizing enterocolitis

11. retinopathy of prematurity (any and severe, stage 3 or greater)

12. frequency of apnea

13. time to regain birth weight (days)

14. neurodevelopmental outcome at hospital discharge and a later

time point (> 1 year post-conceptional age). Neurodevelopmental

impairment is defined as the presence of cerebral palsy and/or

mental retardation (Bayley Scales of Infant Development Mental

Developmental Index < 70) and/or legal blindness (< 20/200 visual

acuity) and or deafness (aided or < 60dB on audiometric testing)

15. need for sedation/analgesia

16. parental satisfaction.

S E A R C H M E T H O D S F O R

I D E N T I F I C A T I O N O F S T U D I E S

See: methods used in reviews.

The standard search strategy of the Cochrane Neonatal Review

Group as outlined in the Cochrane Library was used. This

included searches of the Oxford Database of Perinatal Trials,

Cochrane Central Register of Controlled Trials (CENTRAL,

The Cochrane Library, Issue 4, 2006), Pediatric Research,

1990 - 2006), and MEDLINE (1966 - December 2006) using

MeSH headings: infant-newborn, pulmonary surfactant, CPAP,

respiratory distress syndrome, clinical trial. Other databases

searched included: EMBASE (1980 - December 2006), CINAHL

(1982 - December 2006), reference lists of published trials and

abstracts published in Pediatric Research (1990 - 2006). No

language restrictions were applied.

M E T H O D S O F T H E R E V I E W

Standard methods of the Cochrane Collaboration and the

Cochrane Neonatal Review Group were used to assess the

methodologic quality of the trials. For each included study,

information was collected regarding blinding of randomization,

blinding of the intervention, completeness of follow-up, blinding

of outcome measurements, drug intervention, stratification, and

whether the trial was single or multicenter. If necessary to clarify

study design or outcome data, efforts were made to directly contact

the authors of the trial to complete the data set. Retrieved articles

were reviewed and data extracted independently by two review

authors (TS, EH). Discrepancies were resolved by discussion and

consensus. The statistical methods for expressing treatment effect

included relative risk (RR), risk difference (RD), number needed

to treat (NNT) and mean difference (MD) when appropriate.

D E S C R I P T I O N O F S T U D I E S

Searches of the literature identified twenty-one studies that eval-

uated early surfactant administration with brief ventilation and

planned early extubation. Five of the reports were case series or

studies having non-randomized controls (Alba 1995; Blennow

1999; Mandy 1998; Verder 1992; Victorin 1990). The trial of

Dambeanu was excluded because mechanical ventilation was not

available to either study group (Dambeanu 1997). The So 1994

and Tooley 2003 studies were excluded because patients received

non-random administration of surfactant and were then random-

ized to rapid extubation or continued mechanical ventilation (So

1994; Tooley 2003). The Verder trial of infants < 30 weeks ges-

tation was omitted because each study group had a planned brief

period of mechanical ventilation (Verder 1999). The trial of Lefort

(Lefort 2003, previously referred to Diniz 2002), a randomized

controlled trial comparing prophylactic vs. rescue surfactant, was
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excluded because planned early extubation was not part of the

study protocol. Sandri 2004, a large multicenter trial of prophy-

lactic vs. rescue use of NCPAP, was excluded because surfactant

administration was the primary endpoint.

Since the 2003 update of this review, four new studies evaluating

early surfactant administration with brief ventilation and planned

early extubation have been identified. Two of these studies (Dani

2004; Texas Research 2004) have been added to the analysis and

two (Lefort 2003, Sandri 2004) were excluded as noted above.

Two studies included in previous edition of this review have been

updated with additional published data (Reininger 2005, previ-

ously included as D’Angio 2003) and unpublished data (NICHD

2002).

One study is awaiting assessment (Thomson 2002). Although out-

comes of this study have been reported, the published version

has insufficient detail to assess the quality of the study (Thomson

2002). The Thomson 2002 study was referred to as Fowlie 2002

in a previous version of this review.

Studies included in this review:

EARLY INTUBATION FOR SURFACTANT ADMINISTRA-

TION FOLLOWED BY BRIEF MECHANICAL VENTILA-

TION WITH PLANNED EXTUBATION WITHIN ONE

HOUR IN INFANTS WITH SIGNS OF RDS.

Verder 1994: This multicenter study was performed in sponta-

neously breathing infants 25 - 35 weeks gestation with early RDS

defined as an arterial to alveolar oxygen tension ratio < 0.22 (ap-

proximate FiO2 < 0.55), and radiographic and clinical signs of

RDS. Inclusion criteria included need for NCPAP of 6 cm of wa-

ter. The treatment group consisted of early intubation for surfac-

tant administration followed by brief mechanical ventilation with

planned extubation within one hour. The control group under-

went later intubation if required because of progression of res-

piratory insufficiency, followed by surfactant administration and

continued mechanical ventilation with extubation from low res-

piratory support. This was a multicenter trial in Denmark and

Sweden, where routine care of infants with RDS often begins with

stabilization on NCPAP shortly after the onset of symptoms. This

study tested the hypothesis that a single dose of porcine surfactant

administered during a short period of intubation before the oc-

currence of serious respiratory deterioration could reduce the need

for mechanical ventilation. The primary outcome was the need

for mechanical ventilation (incidence of ventilation continuing

for one hour or more after surfactant administration in the early

treatment group or initiated for respiratory insufficiency or apnea

in either group). The study was terminated early at a scheduled

interim analysis, when the primary endpoint, need for mechanical

ventilation, was noted to be significantly different between groups

(p < 0.01).

NICHD 2002: This multicenter study was performed at partic-

ipating NICHD Neonatal Research Network Centers in sponta-

neously breathing infants 1250 - 2000 grams birth weight who

were < 12 hours of age with early RDS defined as an FIO2 of

0.35 - 0.50 in an oxyhood or 0.25 - 0.50 on NCPAP, and radio-

graphic and clinical signs of RDS. The treatment group consisted

of early intubation for surfactant administration followed by brief

mechanical ventilation with planned extubation as early as pos-

sible. The control group underwent later intubation if required

because of progression of respiratory insufficiency followed by sur-

factant administration and continued mechanical ventilation with

extubation from low respiratory support. The study was halted

at approximately 11% of targeted study size (62 patients enrolled

out of a target of 560 patients) due to slow enrollment (62 pa-

tients enrolled out of 1423 patients screened). Reasons for non-

enrollment included FIO2 outside the targeted range and chest

radiograph without evidence of RDS. Unpublished methodolog-

ical details and outcome data from this trial were obtained from

the NICHD Neonatal Research Network. These data reported on

62 enrolled subjects, rather than the 61 subjects included in the

previous version of this review (one subject’s data were included

after publication of the NICHD abstract). This trial was identified

as the NICHD 2001 trial in the prior version of this Cochrane

review.

Vermont Oxford 2003: This multicenter study was performed at

participating Vermont Oxford Network Centers in spontaneously

breathing infants 1501 - 2500 grams birth weight who were 2 -

24 hours of age with early RDS defined as an FIO2 of 0.30 - 0.60

with pCO2 < 65 mmHg in an oxyhood or on NCPAP, and radio-

graphic signs of RDS. The treatment group consisted of early in-

tubation for surfactant administration followed by brief mechan-

ical ventilation with planned extubation within 15 - 30 minutes.

The control group underwent later intubation if required because

of progression of respiratory insufficiency followed by surfactant

administration and continued mechanical ventilation with extu-

bation from low respiratory support. Criteria for initiating me-

chanical ventilation for both treatment and control groups were

specified as significant apnea, pCO2 > 65 mmHg, hypoxemia, or

severe respiratory distress. Methodological and outcome data from

this trial were obtained from the investigators and are not yet pub-

lished. Data analyses and manuscript preparation are underway.

Dani 2004: This single center study was performed in 27 sponta-

neously breathing infants < 30 weeks gestation, who were < 6 hours

of age with early RDS; the infants were randomized to receive ei-

ther surfactant and initiation of mechanical ventilation (control)

or surfactant and immediate extubation to NCPAP (treatment).

The primary endpoint was the need for mechanical ventilation

at seven days of age. The study had been designed to evaluate at

least 48 infants, but an interim analysis after only 27 infants had

been enrolled demonstrated statistical significance with respect to

decreased incidence of mechanical ventilation in the treatment

group, leading to early termination of the study.

Texas Research 2004: This multicenter study was performed in
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132 spontaneously breathing infants < 36 weeks gestation and >

1250 grams, and with RDS at 4 - 24 hours of life. RDS was de-

fined as requiring > 0.40 FiO2 for > 1 hour and not requiring im-

mediate intubation. Patients were randomized to receive either an

early dose of surfactant followed by rapid extubation (treatment)

vs. expectant management (control). This trial is unique in report-

ing duration of mechanical ventilation as the primary outcome. In

calculating the duration of mechanical ventilation, the investiga-

tors included the time that the treatment group spent transiently

intubated for surfactant administration.

Reininger 2005 (previously reported as D’Angio 2003): This sin-

gle center study was performed in spontaneously breathing infants

25 0/7 - 35 6/7 weeks gestation who were < 24 hours of age with

early RDS defined as respiratory distress requiring NCPAP, need

for supplemental oxygen, and radiographic and clinical signs of

RDS. Despite liberalizing eligibility criteria after the first 23 pa-

tients were enrolled (reducing the level of supplemental oxygen re-

quired for eligibility from an FIO2 > 0.30 to FIO2 > 0.21), patient

accrual remained slow. Patient accrual occurred over a six year pe-

riod and was eventually terminated at 50% of planned enrollment

(105 patients enrolled out of a planned 206 patients). Reasons for

non-enrollment included rapid progression of RDS once an FIO2

of 0.30 was reached. The treatment group received early intuba-

tion for surfactant administration followed by brief mechanical

ventilation with planned extubation within one hour. The con-

trol group underwent later intubation and surfactant replacement

if required for progressive respiratory insufficiency. For both the

treatment and control groups, the decision to initiate mechanical

ventilation was based on the decision of the clinical care team; pre-

determined criteria to initiate mechanical ventilation in either the

treated or control groups were not specified. As part of this trial,

randomized infants underwent the study intervention behind a

physical barrier at the hands of a study team not involved in the

daily care of the baby. In this way, blinding the study intervention

to the clinical team providing ongoing care for the baby. Although

infants as young as 25 weeks gestation were potentially eligible, the

average gestational age of participating infants was 32 1/2 weeks.

This trial was identified as D’Angio 2003 in previous versions of

this review.

EARLY INTUBATION FOR SURFACTANT ADMINISTRA-

TION FOLLOWED BY BRIEF MECHANICAL VENTILA-

TION WITH PLANNED EXTUBATION WITHIN ONE

HOUR IN INFANTS AT RISK OF RDS.

None identified.

M E T H O D O L O G I C A L Q U A L I T Y

Blinding of Randomization: In all six studies included in this re-

view, randomization was blinded to the care team. In Verder 1994,

randomization was carried out by opening sequentially numbered,

sealed envelopes kept at each of the four participating hospitals.

The randomization was in blocks of four to assure a similar num-

ber of babies were enrolled at each hospital. In the Vermont Ox-

ford trial, randomization was stratified by birth weight group and

age at enrollment (2 - 12 hours and 12 - 24 hours of age) (Vermont

Oxford 2003). In the NICHD trial, randomization was stratified

by center and birth weight group (1250 - 1500, 1501 - 1750, 1751

- 2000 grams) (NICHD 2002). In the Reininger study, sealed

randomization cards were opened at the time of enrollment by

study pharmacists located away from the clinical care unit. Block

randomization was used without stratification (Reininger 2005).

In the Texas Research Group trial, randomization was carried out

through sequentially numbered, sealed, opaque envelopes at the

five participating centers; randomization was stratified by center

and birth weight (Texas Research Group 2004). In Dani 2004,

randomization was revealed at the time of enrollment by opening

sealed envelopes (Dani 2004).

Blinding of Intervention: In all but one of the six studies, no at-

tempt was made to blind caregivers as to which randomized inter-

vention the infant received. Blinding was generally not attempted

due to the ethical problem that would be posed by a sham intu-

bation, and the logistical difficulties of having two teams (a study

team and a continuing care team) available around the clock dur-

ing the course of the study. The Reininger study was unique in its

attempt to blind the intervention; the intervention was blinded

through use of a study team separate from the clinical care team

that performed the study intervention. For all patients, the study

team placed a privacy curtain around the patient’s bedside. For the

treatment group, the study team intubated, administered surfac-

tant and extubated the baby to NCPAP. For control infants, no

intervention was performed and the baby continued on NCPAP.

The study team remained behind the privacy curtain for compa-

rable periods of time for treatment and control infants in order to

assure the clinical care team remained blinded to the intervention.

Blinding of Outcome Assessment: The primary outcome, need

for mechanical ventilation, was blinded in only one of the six

studies (Reininger 2005). In this study, the need for mechanical

ventilation was determined by the clinical care team that was blind

to the study intervention. In the other five studies (Verder 1994;

NICHD 2002; Vermont Oxford 2003, Dani 2004, Texas Research

Group 2004) the outcome, need for mechanical ventilation, was

not determined under blinded conditions. However, the criteria

for mechanical ventilation were well defined and adhered to during

the studies.

Completeness of Follow-up: In the Verder study, five infants were

excluded from the analysis after randomization when it was rec-

ognized that they had not met initial eligibility criteria for enroll-

ment (two with gestational age > 36 weeks, two with oxygen-ten-

sion ratios exceeding definition of early RDS, and one with pneu-

monia at randomization). Sixty-eight infants were included in the

final analysis. The study was terminated early when a statistically

significant (p<0.01) difference in the primary outcome (need for
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mechanical ventilation) was seen at a scheduled interim analysis.

At that time, 73 out of a targeted 108 patients had been enrolled.

In the Reinenger study, one control subject was retrospectively

determined to have a gestational age of 36 1/7 weeks and one

treatment subject was found to have a congenital diaphragmatic

hernia as well as RDS; these subjects were included in final anal-

ysis. In the Dani study, an interim analysis revealed a statistically

significant difference in the primary endpoint, and the enrollment

was stopped after enrollment of 27 infants. In the NICHD study,

enrollment was ended early due to slow subject recruitment; data

for one subject was compiled late, so that the abstract reports 61

patients but the data set includes 62 patients. In both the Vermont

and Texas studies, enrollment was completed and all randomized

patients were included in the analysis.

R E S U L T S

EARLY SURFACTANT, RAPID EXTUBATION TO NCPAP

VS. SELECTIVE SURFACTANT, VENTILATION IN IN-

FANTS WITH RDS (COMPARISON 01)

Six randomized controlled clinical trials met selection criteria and

are included in this review (Verder 1994; NICHD 2002; Reininger

2005; Vermont Oxford 2003; Dani 2004; Texas Research 2004).

In these six studies in infants with signs of RDS, early surfactant

administration with rapid extubation to NCPAP was compared

with selective surfactant administration and continued mechanical

ventilation. One additional randomized trial of prophylactic ad-

ministration of surfactant and planned rapid extubation vs. selec-

tive surfactant treatment among infants at risk of RDS was found

(Thomson 2002). However, methodologic and detailed outcome

data were not available for inclusion in this review.

Primary Outcomes

Need for Mechanical Ventilation (Outcome 01.01):

All six eligible studies reported this outcome. Early surfactant ther-

apy followed by nasal CPAP (NCPAP) compared with later, se-

lective surfactant administration for infants with RDS was asso-

ciated with a significantly reduced need for mechanical ventila-

tion [typical RR 0.67, 95% CI 0.57, 0.79]. In the Verder study,

among infants in the early surfactant group who required mechan-

ical ventilation, severe apnea was the most common reason (10/15,

67%) for treatment failure and initiation of mechanical ventila-

tion. Among infants in the selective surfactant group who subse-

quently required mechanical ventilation, low oxygen tension ratio

(a/A ratio <0.15) was the most common reason (21/28, 75%). In

the Reininger study, the primary reasons for subsequent ventila-

tion were not different between the treatment and control groups,

including respiratory compromise (90% of treatment failures) and

apnea (6% of treatment failure). Reasons for requiring mechanical

ventilation have not been reported for the other four studies. In

stratified analysis by FIO2 at study entry, both FIO2 sub groups

(< 0.45 and > 0.45 FIO2) had similar benefit of early surfactant

treatment.

Bronchopulmonary Dysplasia (Outcome 01.02):

BPD is defined as need for oxygen at 28 days of age. Verder 1994,

Reininger 2005, NICHD 2002 and Dani 2004 reported this out-

come. Early surfactant therapy followed by nasal CPAP (NCPAP)

compared with later, selective surfactant administration for infants

with RDS was associated with a significantly reduced incidence

of BPD [typical RR 0.51, 95% CI 0.26, 0.99]. In stratified anal-

ysis by FIO2 at study entry, the lower FIO2 sub group (< 0.0.45

FIO2) had a significant reduction in the risk of BPD [typical RR

0.43 and 95% CI 0.20, 0.92]. Of the two studies with a higher

FIO2 at study entry (FIO2 > 0.45), only the Verder study reported

the incidence of BPD; this study found no difference between the

treatment and control groups in the incidence of BPD.

Chronic Lung Disease

The incidence of CLD (oxygen at 36 weeks postmenstrual age)

was not reported by Verder 1994. While NICHD 2002; Reininger

2005; Vermont Oxford 2003 report no significant difference in

incidence of CLD between study groups, primary data for inclu-

sion in meta analysis are not provided on published reports.

Neonatal Mortality (Outcome 01.03):

All six included studies reported this outcome. Although there

was no significant difference between groups in this outcome, the

meta-analysis suggests a trend towards decreased mortality with

early surfactant therapy and NCPAP compared with later selective

surfactant therapy [typical RR 0.52, 95% CI 0.17, 1.56].

Mortality Prior to Hospital Discharge. Mortality prior to hospital

discharge was not reported.

Secondary Outcomes

Respiratory Outcomes:

Duration of mechanical ventilation (Outcome 01.13):

Although all six studies reported duration of mechanical ventila-

tion, meta-analysis of this outcome using a summary statistic is

not possible because the outcome is reported as either mean or

median values (see additional table 1). While mean values can

summarized in meta-analysis, median values cannot. Three of the

six included studies reported mean duration of mechanical venti-

lation (Texas Research 2004; Vermont Oxford 2003; Dani 2004);

the weighted mean difference between early surfactant therapy

followed by nasal CPAP compared with later selective surfactant

administration was not statistically different but may show a trend

toward a shorter period of mechanical ventilation in the early sur-

factant group (WMD -0.36 days, 95% CI -0.81, 0.10). Four of

the six included studies reported median duration of mechanical

ventilation for treatment and control groups, as follows: Verder re-

ported duration of mechanical ventilation as median 6 days (range

1-75) vs. median 6 days (range 1-76) for treatment and control

groups, respectively; Reininger 2005 reported median values 2.3
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days (range 0.8-20.8) vs. 2.6 days (range 0.6-6.3) for treatment

and control groups, respectively; NICHD 2002 reported the du-

ration of mechanical ventilation as median of 5 days for the treat-

ment group and median of 3 days for the control group (no ranges

given); Texas Research 2004 reported median 0.1 days (range 0.0-

1.7) and median 0.0 days (range 0.0-1.6) for the treatment and

control groups, respectively. Although early surfactant therapy fol-

lowed by nasal CPAP led to fewer infants requiring mechanical

ventilation, compared with later selective surfactant administra-

tion, there is no difference in length of time on mechanical venti-

lation.

Duration in Oxygen (Outcome 01.14):

Five studies reported this outcome, using either means or me-

dian values, which precludes full meta-analysis using a summary

statistic (see additional table 2). Verder 1994 and Reininger 2005

showed no difference in median time in oxygen. Four studies re-

ported median time in oxygen in treated and control groups (Texas

Research 2004; NICHD 2002;Verder 1994; Reininger 2005). In

each study, the median time in oxygen was similar between treat-

ment and control groups. Dani 2004 reported fewer days in oxy-

gen for patients treated with early surfactant therapy followed by

nasal CPAP (NCPAP) compared with later, selective surfactant

administration [WMD -4.3 and 95% CI -7.63, -0.97].

Number of patients receiving surfactant (Outcome 01.08):

Four studies reported this outcome. Early surfactant therapy fol-

lowed by NCPAP compared with later, selective surfactant admin-

istration for infants with RDS was associated with more infants

being exposed to surfactant [132/132 (100%) vs. 79/130 (61%)

respectively, typical RR 1.63, 95% CI 1.42, 1.88].

Number of surfactant doses per patient (Outcome 01.09):

Three studies reported this outcome. The number of surfactant

doses per patient was significantly greater among patients assigned

to the early surfactant group [WMD 0.57 doses per patient (95%

CI 0.44, 0.69)].

Incidence of airleak syndromes (Outcome 0.10):

All six studies reported incidence of airleak syndromes. Early sur-

factant therapy followed by NCPAP compared with later, selec-

tive surfactant administration for infants with RDS was associated

with a reduction in incidence of airleak [typical RR 0.52 (95%

CI 0.28, 0.96)]. In stratified analysis by FIO2 at study entry, the

lower FIO2 sub group (< 0.45 FIO2) had a significant reduction

in the risk of airleak [typical RR 0.46 (95% CI 0.23, 0.93)]; this

advantage was not seen among studies with a higher FIO2 at study

entry (FIO2 > 0.45).

Complications associated with prematurity.

PDA requiring treatment (Outcome 01.11):

Four studies reported this outcome. An overall trend towards a

higher incidence of PDA was seen with selective surfactant and

continued ventilation vs. early surfactant and rapid extubation

[typical RR 1.52 (95% CI 0.90-2.57)]. In stratified analysis by

FIO2 at study entry, the higher FIO2 sub group (FIO2 > 0.45 )

had a significantly increased risk of PDA [typical RR 2.15 (95%

CI 1.09, 4.23)]. In the lower FIO2 subgroup (FIO2< 0.45 ), there

was no difference between early surfactant and rapid extubation

and later selective surfactant groups.

There was no evidence of effect on incidence of IVH, periventric-

ular leukomalacia, pulmonary hemorrhage or NEC (Outcomes

01-04, 01-06, 01-07, and 01-12).

Other primary and secondary outcomes of this review were not

available from the studies meeting selection criteria.

Planned subgroup analyses.

i) Individual patient data from each of the included trials will be

required to perform the planned subgroup analysis according to

the inspired oxygen concentration at study entry (FiO2< 0.45,

>0.45). These results are presented above.

ii) In all studies eligible for this review, extubation in the treatment

group was to NCPAP rather than to atmospheric pressure. Thus,

the results presented in this review apply to the pre-specified sub-

group extubated to NCPAP.

D I S C U S S I O N

Six studies met criteria for this review. Based on the meta-analysis

of these six studies, early surfactant therapy compared with later

selective surfactant administration resulted in less need for me-

chanical ventilation, fewer airleak syndromes and lower incidence

of BPD. The costs of these benefits include a greater number of

infants receiving surfactant and an increased number of surfactant

doses per patient. An overall trend toward greater risk of PDA

occurred with later, selective surfactant treatment compared with

early surfactant and was statistically significant in meta-analysis of

two studies with FIO2 > 0.45 at study entry. The study proce-

dure was well tolerated and successfully accomplished in the vast

majority of patients. Although early surfactant therapy compared

with selective therapy resulted in more infants being exposed to

the potential risks of intubation and surfactant administration,

none of the studies reviewed reported complications of the intu-

bation procedure. Early surfactant administration with extubation

within 1 hour was successfully achieved in the vast majority of

study subjects, except in the Texas Research Group Trial, where

53% of patients remained intubated at one hour after surfactant

administration in the treatment group.

The findings in this review suggest that in spontaneously breath-

ing preterm infants with RDS a policy of early intubation for sur-

factant administration followed by early extubation to NCPAP is

preferable to later, selective intubation and surfactant treatment

in preventing the need for mechanical ventilation, pneumothorax

and BPD. The findings also suggest that lower threshold for treat-

ment at study entry (FIO2 < 0.45) confers advantage compared
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with a higher treatment threshold (FIO2 > 0.45). Although both

treatment thresholds resulted in reduced need for mechanical ven-

tilation, the lower FIO2 subgroup achieved the greatest reductions

in incidence of airleak syndromes and BPD while the subgroup of

infants with a higher FIO2 at study entry had a significantly greater

incidence of PDA requiring treatment. The PDA treatment was

not characterized in any of the six studies, however, in each of these

studies, the mean gestational age among enrolled infants was 28

weeks or 1250 grams or greater, a population of preterm infants

for whom surgical treatment of PDA would be uncommon.

To lessen the risk of publication bias, data from both published

and unpublished sources are included in this review. Four trials

have been published in peer reviewed literature, while two studies

included in this review have been published in abstract form only.

For these two studies, information available in the abstracts has

been supplemented with methodological details and outcome data

obtained directly from the investigators; these materials include the

full manual of procedures as well as additional analyses of clinical

and safety outcomes performed for inclusion in this review. The

VON trial has completed enrollment and is in data analysis and

manuscript preparation. The NICHD trial terminated early, and

at the time of this review, there are no plans to pursue publication

of study results.

Four of the six trials reviewed here were terminated prior to achiev-

ing their targeted study size, two as a result of significant ben-

efit in treated patients compared with controls and two due to

slow accrual of study subjects. The Verder study was terminated

prior to achieving the targeted enrollment when the primary out-

come, need for mechanical ventilation, was found to be signifi-

cantly different between groups at a scheduled interim analysis.

Consequently, 68 out of a targeted 108 patients were available

for the analysis. Based on power analysis, the Dani study was de-

signed to randomize 48 infants. An interim analysis after enrolling

27 subjects found a significant reduction in need for mechanical

ventilation in the treatment group, and the study was terminated

early. Two studies (NICHD 2002; Reininger 2005) were termi-

nated early due to slow accrual of potentially eligible patients.

The NICHD trial (NICHD 2002) was halted at approximately

11% of planned enrollment (61 patients enrolled out of a planned

560 patients) due to slow enrollment (61 patients enrolled out

of 1423 patients screened). Despite liberalizing eligibility criteria

and a six year enrollment period, the Reininger 2005 trial was ter-

minated at 50% of planned enrollment (105 patients enrolled out

of a planned 206 patients). In both of these studies, reasons for

non-enrollment of eligible patients included rapid progression of

RDS through the range of eligible FIO2 levels. The NICHD trial

(NICHD 2002) reviewed clinical characteristics of patients not

enrolled with characteristics of enrolled subjects; the two groups

were similar, suggesting that non-enrolled patients may have expe-

rienced similar benefits to those enrolled. The Verder multicenter

trial was conducted in Denmark and Sweden, where routine care

of infants with RDS often begins with NCPAP shortly after the

onset of symptoms. It is possible that patient accrual may be slower

in units that have less experience and are therefore less comfortable

with NCPAP. This possibility cannot be evaluated with available

data.

Although the clinical approach and experience with NCPAP may

have varied, each of the six randomized trials reviewed here found

either a significant reduction or a strong trend towards a reduction

in the need for mechanical ventilation in infants managed with

early intubation for surfactant administration followed by rapid

extubation to NCPAP. This suggests that generalizability of these

findings may be high. However, slow accrual of eligible patients in

two of the trials may mean that early surfactant followed by rapid

extubation to NCPAP may be more effective or better accepted in

units experienced in the use of early NCPAP.

The studies reviewed here did not address limitations on the type

of patients for whom early surfactant with rapid extubation is ap-

propriate. Although babies as premature as 25 0/7 weeks were el-

igible for inclusion in the Verder 1994 and Reininger 2005 trials,

most enrolled infants were more than 28 weeks gestation. Further

study may reveal subgroups of preterm infants, such as those <

25 weeks or < 750 grams or infants requiring intubation during

resuscitation, for which more than one hour of mechanical venti-

lation is required to achieve clinical stability prior to extubation to

NCPAP. Several relevant clinical outcomes were not available and

other outcomes could not be definitively addressed due to a lack

of power of the clinical trials meeting eligibility criteria for this

systematic review. Outcomes such as incidence of chronic lung

disease, total duration of respiratory support (ventilation, CPAP,

nasal cannula), time to regain birth weight, need for sedation/anal-

gesia and neurodevelopmental outcome are potentially important

clinical outcomes for which data currently are not available.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Six randomized clinical trials of early surfactant administration in

spontaneously breathing infants have been conducted using dif-

ferent thresholds for surfactant replacement. Evidence from the

six studies included in this review indicates that infants with RDS

treated with early surfactant replacement therapy and NCPAP are

less likely to need mechanical ventilation, less likely to develop

BPD and less likely to suffer from an air leak syndrome than are

infants treated with NCPAP and later surfactant therapy. This re-

view also introduces new evidence that lower FiO2 at study en-

try is associated with significant reductions in incidence of air-

leak syndromes and BPD; moreover studies where FIO2 at study

entry was greater than 0.45 had an increased incidence of PDA.

These data suggest that among spontaneously breathing infants

with early signs and symptoms of RDS, treatment with surfactant

by transient intubation using a low treatment threshold (FIO2 <
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0.45) is preferable to later selective therapy by transient intubation

using a higher treatment threshold (FIO2 > 0.45).

Implications for research

Further research is needed to define potential limitations on the

type of patients for whom early surfactant with rapid extubation

is appropriate (such as very premature infants < 750 grams) and to

determine the optimal severity of RDS at which to intervene with

transient intubation for the purpose of surfactant administration.

Randomized controlled trials of prophylactic surfactant adminis-

tration with rapid extubation compared with later, selective sur-

factant therapy are not available. Based on previous literature, pro-

phylactic surfactant therapy may offer further advantage over early

surfactant therapy.
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T A B L E S

Characteristics of included studies

Study Dani 2004

Methods A randomized, single center, controlled trial.

Blinding of randomization: Yes

Blinding of intervention: No

Blinding of outcome: No

Complete followup: Can’t tell

Participants Infants < 30 weeks’ gestation, < 6 hours old with RDS defined as clinical signs, chest radiograph requiring

CPAP and 30% oxygen or more.

Interventions Early surfactant administration with rapid extubation to NCPAP (n=13) vs NCPAP with later rescue sur-

factant and mechanical ventilation (n=14).

Outcomes Need for mechanical ventilation at 7 days of age

Notes Trial terminated early when interim analysis showed significant reduction in the need for mechanical ventila-

tion with early surfactant use. Five participating centers. FIO2 at study entry was 0.33 (0.13) vs 0.35 (0.09)

for early surfactant vs later surfactant groups, respectively. Data represent mean value and standard deviation

(sd).

Allocation concealment A – Adequate

Study NICHD 2002

Methods A randomized, multi-center, controlled trial.
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Characteristics of included studies (Continued )

Blinding of randomization: Yes

Blinding of intervention: No

Blinding of outcome: No

Complete followup: Can’t tell

Participants Infants 1250-2000 grams birth weight less than 12 hours old with RDS defined as FIO2 of 0.35-0.5 by

oxygen hood or FIO2 .25-.5 by CPAP and clinical signs and chest radiograph consistent with RDS.

Interventions Early surfactant administration with rapid extubation to NCPAP (n=32) vs NCPAP with later rescue sur-

factant and mechanical ventilation (n=29).

Outcomes Need for mechanical ventilation to treat respiratory failure or apnea

Notes Study terminated early due to slow enrollment with enrollment of 61 patients out of 1,423 screened patients.

FIO2 at study entry was 0.40 (0.13) vs 0.39 (0.08) for early surfactant vs later surfactant groups, respectively.

Data represent mean value and standard deviation (sd).

Allocation concealment A – Adequate

Study Reininger 2005

Methods A randomized, single center, controlled trial.

Blinding of randomization: Yes

Blinding of intervention: Yes

Blinding of outcome: Yes

Complete followup: Can’t tell

Participants Infants 25 0/7 to 35 6/7 weeks’ gestation less than 24 hours old with early RDS defined as need for NCPAP

and FIO2 > .21 and clinical signs and chest radiograph consistent with RDS.

Interventions Early surfactant administration with rapid extubation to NCPAP (n=52) vs NCPAP with later rescue surfac-

tant and mechanical ventilation (n=53). All infants in the study were begun on NCPAP prior to enrollment.

Outcomes Need for mechanical ventilation to treat respiratory failure or apnea.

Notes Intervention (intubation for administration of surfactant) was blinded to the clinical care team. Low threshold

for early surfactant administration, including need for CPAP, need for any supplemental oxygen and signs

and chest radiograph consistent with RDS. Despite liberalizing eligibility criteria after the first 23 patients

were enrolled (reducing the level of supplemental oxygen required for eligibility from an FIO2 > 0.3 to FIO2

> 0.21), patient accrual remained slow. Patient accrual occurred over a 6 year period and was eventually

terminated at 50% of planned enrollment (105 patients enrolled out of a planned 206 patients). Reasons for

non-enrollment included rapid progression of RDS once a FIO2 of 0.3 was reached. The treatment group

consisted of early intubation for surfactant administration followed by brief mechanical ventilation with

planned extubation within one hour. FIO2 at study entry was 0.41 (0.16) vs 0.40 (0.19) for early surfactant

vs later surfactant groups, respectively. Data represent mean value and standard deviation (sd).

Allocation concealment A – Adequate

Study Texas Research 2004

Methods A randomized, multi-center, controlled trial.

Blinding of randomization: Yes

Blinding of intervention: No

Blinding of outcome: No

Complete followup: Can’t tell

Participants Infants with birth weight 1250 grams or more, < 36 weeks gestation, 4-24 hours old with FIO2 of 0.40 or

more, with or without CPAP, and chest radiograph and clinical presentation consistent with RDS.

Interventions Early surfactant administration with rapid extubation to NCPAP (n=65) vs NCPAP with later rescue sur-

factant and mechanical ventilation (n=67).
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Outcomes Duration of assisted ventilation including the hand or mechanical ventilation used for surfactant adminis-

tration.

Notes Five participating centers. FIO2 at study entry was 0.51(0.17) vs 0.51(0.12) for early surfactant vs later

surfactant groups, respectively. Data represent mean value and standard deviation (sd).

Allocation concealment A – Adequate

Study Verder 1994

Methods A randomized, controlled trial.

Blinding of randomization: Yes

Blinding of intervention: No

Blinding of outcome: No

Complete followup: No (5 post-randomization exclusions)

Participants Infants 25-35 weeks’ gestation with early RDS defined as an arterial to alveolar oxygen tension ratio < 0.22

in a patient with radiographic and clinical signs of RDS. Inclusion criteria included need for NCPAP of 6

cm of water.

Interventions Early surfactant administration with rapid extubation to NCPAP (n=35) vs NCPAP with later rescue surfac-

tant and mechanical ventilation (n=33). All infants in the study were begun on NCPAP prior to enrollment.

Outcomes Need for mechanical ventilation to treat respiratory failure or apnea.

Notes Trial terminated at midpoint when interim analysis showed significant reduction in the need for mechanical

ventilation with early surfactant use. FIO2 at study entry was 0.50 (0.09) vs 0.48 (0.09) for early surfactant

vs later surfactant groups, respectively, assuming PaO2 = 50 and PaCO2 = 52 (study data). Data represent

mean value and standard deviation (sd).

Allocation concealment A – Adequate

Study Vermont Oxford 2003

Methods A randomized, multi-center, controlled trial.

Blinding of randomization: Yes

Blinding of intervention: No

Blinding of outcome: No

Complete followup: Can’t tell

Participants Infants 1501-2500 grams birth weight 2-24 hours old with RDS defined as FIO2 of 0.3-0.6 by oxygen hood

or CPAP and clinical signs and chest radiograph consistent with RDS.

Interventions Early surfactant administration with rapid extubation to NCPAP (n=138) vs NCPAP with later rescue

surfactant and mechanical ventilation (n=132).

Outcomes Need for mechanical ventilation to treat respiratory failure (pCO2 > 65, hypoxemia, severe respiratory

distress) or apnea.

Notes Infants randomized by two strata, birth weight group (1501-2000 or 2001-2500) and age at randomization

(< 12 hours of age or 12-24 hours of age). FIO2 at study entry was 0.40 (0.36-0.5) vs 0.40 (0.35-0.49) for

early surfactant vs later surfactant groups, respectively. Data represent median value and interquartile range

(IQR).

Allocation concealment A – Adequate

Characteristics of excluded studies

Study Reason for exclusion

Alba 1995 The treatment group was compared with two non-randomized control groups: infants requiring immediate intu-

bation for severe respiratory failure, and historical controls from a period before surfactant was clinically available.
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Characteristics of excluded studies (Continued )

Blennow 1999 A case series of infants treated with early surfactant and planned rapid extubation.

Dambeanu 1997 A randomized trial of prophylactic surfactant administration in Romania at a time when mechanical ventilation

was not available.

Lefort 2003 A randomized controlled trial comparing prophylactic versus rescue surfactant was excluded because planned early

extubation was not part of the study protocol. (Lefort 2003, previously referred to Diniz 2002)

Mandy 1998 A case series of 46 premature infants with RDS treated with surfactant and endotracheal CPAP.

Sandri 2004 A large multi-center trial of prophylactic versus rescue use of NCPAP in which surfactant administration was the

primary endpoint.

So 1994 A randomized trial of infants over 1500 grams with RDS in which infants received surfactant when the Fi02

exceeded 0.7 and were then randomized to NCPAP or continued mechanical ventilation.

Tooley 2003 A randomized trial in which all infants received prophylactic surfactant with subsequent randomization to rapid

extubation to NCPAP or continued mechanical ventilation until pre-determined extubation criteria were met. This

study was excluded because the comparison did not meet the criteria for this systematic review. Both arms received

prophylactic surfactant therapy whereas this systematic review is limited to comparisons of prophylactic or early

surfactant with rapid extubation to NCPAP compared to selective surfactant therapy.

Verder 1992 A case series of infants with signs of early RDS treated with early surfactant and NCPAP which served as pilot data

for the Verder 1994 trial.

Verder 1999 A randomized trial of infants < 30 weeks’ gestation with RDS in which infants were randomized to receive early

or selective surfactant. The study was excluded because both study arms (early and selective) had a planned, brief

period of mechanical ventilation.

Victorin 1990 A case series of 14 premature infants with RDS treated with surfactant, brief ventilation and rapid extubation to

supplemental oxygen only (not CPAP). Mechanical ventilation was not available.

A D D I T I O N A L T A B L E S

Table 01. Time in oxygen (median in days, range unless otherwise stated)

Study Early Surfactant Selective Surfactant

Verder 1994 6 (1 - 75) n = 35 6 (1 - 76) n = 33

NICHD 2002 5 n = 32 6 n = 30

Dani 2004 mean = 7.0 (standard deviation = 1.4) n = 13 mean = 11.3 (standard deviation = 5.6) n = 14

Texas Research Group 2004 4.3 (2.3 - 6.1) n = 65 4.7 (3.3 - 6.5) n = 67

Reininger 2005 4 (1 - 40) n = 52 4 (1 - 78) n = 53

Table 02. Duration mechanical ventilation (median in days, range unless otherwise stated)

Study Early Surfactant Selective Surfactant

Verder 1994 2.5 (range not available) n = 35 2.5 (range not available) n = 33

NICHD 2002 5 n = 32 3 n = 30

Vermont Oxford 2003 stated no difference between groups stated no difference between groups

Dani 2004 mean = 2.0 (standard deviation = 1.4) n = 13 mean = 5.6 (standard deviation = 3.1) n = 14

Texas Research Group 2004 0.1 (0.0 - 1.7) n = 65 0.0 (0.0 - 1.6) n = 67
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Table 02. Duration mechanical ventilation (median in days, range unless otherwise stated) (Continued )

Study Early Surfactant Selective Surfactant

Reininger 2005 2.3 (0.8 - 20.8) n = 52 2.6 (0.6 - 6.3) n = 53

A N A L Y S E S

Comparison 01. Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with

RDS.

Outcome title
No. of

studies

No. of

participants Statistical method Effect size

01 Need for mechanical

ventilation.

6 664 Relative Risk (Fixed) 95% CI 0.67 [0.57, 0.79]

02 Bronchopulmonary dysplasia:

need for oxygen at 28 days

chronologic age.

4 262 Relative Risk (Fixed) 95% CI 0.51 [0.26, 0.99]

03 Neonatal mortality: death prior

to 28 days of age.

6 396 Relative Risk (Fixed) 95% CI 0.52 [0.17, 1.56]

04 Intraventricular hemorrhage Relative Risk (Fixed) 95% CI Subtotals only

05 Retinopathy of prematurity,

any severity

3 109 Relative Risk (Fixed) 95% CI 0.51 [0.10, 2.63]

06 Periventricular leukomalacia 1 68 Relative Risk (Fixed) 95% CI 0.31 [0.01, 7.47]

07 Pulmonary hemorrhage 4 532 Relative Risk (Fixed) 95% CI 1.19 [0.35, 4.07]

08 Use of surfactant 4 262 Relative Risk (Fixed) 95% CI 1.63 [1.42, 1.88]

09 Number of surfactant doses per

patient

3 470 Weighted Mean Difference (Fixed) 95% CI 0.57 [0.44, 0.69]

10 Air leak syndromes, pulmonary

interstitial emphysema,

pneumothorax

6 664 Relative Risk (Fixed) 95% CI 0.52 [0.28, 0.96]

11 Patent ductus arteriosus

requiring treatment

4 250 Relative Risk (Fixed) 95% CI 1.52 [0.90, 2.57]

12 Necrotizing enterocolitis

(NEC)

4 388 Relative Risk (Fixed) 95% CI 0.63 [0.12, 3.25]

13 Duration of mechanical

ventilation (d)

3 278 Weighted Mean Difference (Fixed) 95% CI -0.36 [-0.81, 0.10]

14 Duration in oxygen 1 27 Weighted Mean Difference (Fixed) 95% CI -4.30 [-7.63, -0.97]

Comparison 02. Prophylactic surfactant, rapid extubation vs. selective surfactant, ventilation in babies at risk of

Outcome title
No. of

studies

No. of

participants Statistical method Effect size

01 No available studies. Other data No numeric data

I N D E X T E R M S

Medical Subject Headings (MeSH)

Infant, Newborn; Infant, Premature; Pulmonary Surfactants [∗therapeutic use]; Randomized Controlled Trials; ∗Respiration, Artificial;

Respiratory Distress Syndrome, Newborn [drug therapy; ∗therapy]; Risk

MeSH check words

Humans
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C O V E R S H E E T

Title Early surfactant administration with brief ventilation vs. selective surfactant and continued

mechanical ventilation for preterm infants with or at risk for respiratory distress syndrome

Authors Stevens TP, Harrington EW, Blennow M, Soll RF

Contribution of author(s) TP Stevens, EW Harrington and RF Soll updated the search strategy.

TP Stevens and EW Harrington excerpted data from studies and drafted the revised review.

M Blennow and RF Soll checked data from identified studies and reviewed the update.

TP Stevens, M Blennow and RF Soll wrote the original review.

Issue protocol first published 2001/1

Review first published 2002/2

Date of most recent amendment 22 August 2007

Date of most recent

SUBSTANTIVE amendment

20 June 2007

What’s New This review updates the existing version of “Early surfactant administration with brief

ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants

with or at risk for RDS” that was first published in The Cochrane Library, Issue 2, 2002

(Stevens 2002).

Since the last update, published and unpublished data have become available from studies

identified in the previous version of this review of early surfactant administration with

rapid extubation vs. selective surfactant and continued mechanical ventilation. Extensive

searches of various databases did not identify additional randomized controlled trials of this

therapeutic strategy.

This update includes complete data from three studies published in 2004 or after [Dani

2004, Texas Research Group, and Reininger 2005 (previously included as D’Angio 2003)]

as well as methodological details and outcome data of the NICHD 2002 trial that was

obtained from the investigators [NICHD 2002 (formerly Habermann 2002)]. One study is

currently awaiting assessment; the Thomson 2002 trial is published in outline form without

sufficient detail to assess the quality of the study and important clinical outcomes (Thomson

2002).

Six randomized controlled trials of early surfactant administration with rapid extubation vs.

selective surfactant and continued mechanical ventilation have been completed. Review of

these six trials suggests that early surfactant replacement therapy with extubation to NCPAP

compared with later, selective surfactant replacement and continued mechanical ventilation

with extubation from low ventilator support is associated with less need mechanical ven-

tilation, lower incidence of BPD and fewer air leak syndromes. In a subgroup comparison

examining treatment threshold, a lower treatment threshold (FIO2 <= 0.45) confers greater

advantage in reducing the incidences of airleak syndromes and BPD; moreover a higher

treatment threshold (FIO2 at study > 0.45) had an increased incidence of PDA. These data

suggest that treatment with surfactant by transient intubation using a low treatment thresh-

old (FIO2 < 0.45) is preferable to later selective surfactant therapy by transient intubation

using a higher threshold for study entry (FIO2 > 0.45) or at the time of respiratory failure

and initiation of mechanical ventilation.

Date new studies sought but

none found

Information not supplied by author

Date new studies found but not

yet included/excluded

Information not supplied by author

Date new studies found and

included/excluded

Information not supplied by author
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G R A P H S A N D O T H E R T A B L E S

Analysis 01.01. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 01 Need for mechanical ventilation.

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 01 Need for mechanical ventilation.

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 FIO2 at Study Entry <=0.45

Dani 2004 0/13 6/14 3.4 0.08 [ 0.01, 1.33 ]

NICHD 2002 13/32 18/30 10.0 0.68 [ 0.41, 1.13 ]

Reininger 2005 26/52 37/53 19.8 0.72 [ 0.52, 0.99 ]

Vermont Oxford 2003 54/138 65/132 35.9 0.79 [ 0.61, 1.04 ]

Subtotal (95% CI) 235 229 69.0 0.72 [ 0.59, 0.87 ]

Total events: 93 (Early Surfactant), 126 (Selective Surfactant)

Test for heterogeneity chi-square=2.90 df=3 p=0.41 I² =0.0%

Test for overall effect z=3.31 p=0.0009

0.001 0.01 0.1 1 10 100 1000

Favours early Favours selective (Continued . . . )
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(. . . Continued)

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

02 FIO2 at Study Entry > 0.45

Verder 1994 15/35 28/33 15.6 0.51 [ 0.34, 0.76 ]

Texas Research 2004 17/65 29/67 15.4 0.60 [ 0.37, 0.99 ]

Subtotal (95% CI) 100 100 31.0 0.55 [ 0.40, 0.77 ]

Total events: 32 (Early Surfactant), 57 (Selective Surfactant)

Test for heterogeneity chi-square=0.32 df=1 p=0.57 I² =0.0%

Test for overall effect z=3.59 p=0.0003

Total (95% CI) 335 329 100.0 0.67 [ 0.57, 0.79 ]

Total events: 125 (Early Surfactant), 183 (Selective Surfactant)

Test for heterogeneity chi-square=5.88 df=5 p=0.32 I² =15.0%

Test for overall effect z=4.75 p<0.00001

0.001 0.01 0.1 1 10 100 1000

Favours early Favours selective

Analysis 01.02. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 02 Bronchopulmonary dysplasia: need for oxygen at 28 days

chronologic age.

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 02 Bronchopulmonary dysplasia: need for oxygen at 28 days chronologic age.

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 FIO2 at Study Entry <=0.45

Reininger 2005 0/52 2/53 12.0 0.20 [ 0.01, 4.14 ]

Dani 2004 3/13 7/14 32.8 0.46 [ 0.15, 1.42 ]

NICHD 2002 4/32 8/30 40.2 0.47 [ 0.16, 1.40 ]

Subtotal (95% CI) 97 97 85.0 0.43 [ 0.20, 0.92 ]

Total events: 7 (Early Surfactant), 17 (Selective Surfactant)

Test for heterogeneity chi-square=0.28 df=2 p=0.87 I² =0.0%

Test for overall effect z=2.18 p=0.03

02 FIO2 at Study Entry > 0.45

Verder 1994 3/35 3/33 15.0 0.94 [ 0.20, 4.35 ]

Subtotal (95% CI) 35 33 15.0 0.94 [ 0.20, 4.35 ]

Total events: 3 (Early Surfactant), 3 (Selective Surfactant)

Test for heterogeneity: not applicable

0.01 0.1 1 10 100

Favours early Favours selective (Continued . . . )
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(. . . Continued)

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

Test for overall effect z=0.08 p=0.9

Total (95% CI) 132 130 100.0 0.51 [ 0.26, 0.99 ]

Total events: 10 (Early Surfactant), 20 (Selective Surfactant)

Test for heterogeneity chi-square=1.03 df=3 p=0.79 I² =0.0%

Test for overall effect z=1.99 p=0.05

0.01 0.1 1 10 100

Favours early Favours selective

Analysis 01.03. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 03 Neonatal mortality: death prior to 28 days of age.

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 03 Neonatal mortality: death prior to 28 days of age.

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 FIO2 at study entry <=0.45

Reininger 2005 1/52 0/53 5.7 3.06 [ 0.13, 73.36 ]

Dani 2004 0/13 1/14 16.8 0.36 [ 0.02, 8.06 ]

x Vermont Oxford 2003 0/1 0/1 0.0 Not estimable

NICHD 2002 0/32 1/30 17.9 0.31 [ 0.01, 7.40 ]

Subtotal (95% CI) 98 98 40.4 0.72 [ 0.15, 3.55 ]

Total events: 1 (Early Surfactant), 2 (Selective Surfactant)

Test for heterogeneity chi-square=1.26 df=2 p=0.53 I² =0.0%

Test for overall effect z=0.40 p=0.7

02 FIO2 at study entry > 0.45

x Texas Research 2004 0/65 0/67 0.0 Not estimable

Verder 1994 2/35 5/33 59.6 0.38 [ 0.08, 1.81 ]

Subtotal (95% CI) 100 100 59.6 0.38 [ 0.08, 1.81 ]

Total events: 2 (Early Surfactant), 5 (Selective Surfactant)

Test for heterogeneity: not applicable

Test for overall effect z=1.22 p=0.2

Total (95% CI) 198 198 100.0 0.52 [ 0.17, 1.56 ]

Total events: 3 (Early Surfactant), 7 (Selective Surfactant)

Test for heterogeneity chi-square=1.51 df=3 p=0.68 I² =0.0%

Test for overall effect z=1.17 p=0.2
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Analysis 01.04. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 04 Intraventricular hemorrhage

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 04 Intraventricular hemorrhage

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 IVH, any severity

Verder 1994 8/35 8/33 39.9 0.94 [ 0.40, 2.22 ]

Vermont Oxford 2003 6/138 8/132 39.6 0.72 [ 0.26, 2.01 ]

Dani 2004 1/13 1/14 4.7 1.08 [ 0.07, 15.50 ]

Texas Research 2004 0/65 1/67 7.2 0.34 [ 0.01, 8.28 ]

NICHD 2002 0/12 1/8 8.6 0.23 [ 0.01, 5.05 ]

Subtotal (95% CI) 263 254 100.0 0.76 [ 0.41, 1.39 ]

Total events: 15 (Early Surfactant), 19 (Selective Surfactant)

Test for heterogeneity chi-square=1.14 df=4 p=0.89 I² =0.0%

Test for overall effect z=0.90 p=0.4

02 Serious IVH, Grades III-IV

Verder 1994 3/35 5/33 100.0 0.57 [ 0.15, 2.18 ]

x Vermont Oxford 2003 0/138 0/132 0.0 Not estimable

x NICHD 2002 0/12 0/8 0.0 Not estimable

Subtotal (95% CI) 185 173 100.0 0.57 [ 0.15, 2.18 ]

Total events: 3 (Early Surfactant), 5 (Selective Surfactant)

Test for heterogeneity: not applicable

Test for overall effect z=0.83 p=0.4
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Analysis 01.05. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 05 Retinopathy of prematurity, any severity

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 05 Retinopathy of prematurity, any severity

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

Verder 1994 1/35 1/33 26.3 0.94 [ 0.06, 14.47 ]

Dani 2004 1/13 3/14 73.7 0.36 [ 0.04, 3.03 ]

x NICHD 2002 0/8 0/6 0.0 Not estimable

Total (95% CI) 56 53 100.0 0.51 [ 0.10, 2.63 ]

Total events: 2 (Early Surfactant), 4 (Selective Surfactant)

Test for heterogeneity chi-square=0.30 df=1 p=0.58 I² =0.0%

Test for overall effect z=0.80 p=0.4

0.01 0.1 1 10 100

Favours early Favours selective

Analysis 01.06. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 06 Periventricular leukomalacia

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 06 Periventricular leukomalacia

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

Verder 1994 0/35 1/33 100.0 0.31 [ 0.01, 7.47 ]

Total (95% CI) 35 33 100.0 0.31 [ 0.01, 7.47 ]

Total events: 0 (Early Surfactant), 1 (Selective Surfactant)

Test for heterogeneity: not applicable

Test for overall effect z=0.72 p=0.5
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Analysis 01.07. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 07 Pulmonary hemorrhage

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 07 Pulmonary hemorrhage

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 FIO2 at study entry < = 0.45

Vermont Oxford 2003 3/138 1/132 22.3 2.87 [ 0.30, 27.24 ]

x NICHD 2002 0/32 0/30 0.0 Not estimable

Subtotal (95% CI) 170 162 22.3 2.87 [ 0.30, 27.24 ]

Total events: 3 (Early Surfactant), 1 (Selective Surfactant)

Test for heterogeneity: not applicable

Test for overall effect z=0.92 p=0.4

02 FIO2 at study entry > 0.45

Verder 1994 0/35 2/33 56.2 0.19 [ 0.01, 3.79 ]

Texas Research 2004 2/65 1/67 21.5 2.06 [ 0.19, 22.19 ]

Subtotal (95% CI) 100 100 77.7 0.71 [ 0.14, 3.46 ]

Total events: 2 (Early Surfactant), 3 (Selective Surfactant)

Test for heterogeneity chi-square=1.52 df=1 p=0.22 I² =34.3%

Test for overall effect z=0.43 p=0.7

Total (95% CI) 270 262 100.0 1.19 [ 0.35, 4.07 ]

Total events: 5 (Early Surfactant), 4 (Selective Surfactant)

Test for heterogeneity chi-square=2.24 df=2 p=0.33 I² =10.7%

Test for overall effect z=0.28 p=0.8

0.001 0.01 0.1 1 10 100 1000

Favours early Favours selective

23Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants

with or at risk for respiratory distress syndrome (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Analysis 01.08. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 08 Use of surfactant

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 08 Use of surfactant

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

Reininger 2005 52/52 35/53 43.6 1.51 [ 1.25, 1.84 ]

Verder 1994 35/35 19/33 24.6 1.74 [ 1.30, 2.33 ]

Dani 2004 13/13 7/14 8.5 2.00 [ 1.18, 3.38 ]

NICHD 2002 31/32 18/30 23.4 1.61 [ 1.20, 2.18 ]

Total (95% CI) 132 130 100.0 1.63 [ 1.42, 1.88 ]

Total events: 131 (Early Surfactant), 79 (Selective Surfactant)

Test for heterogeneity chi-square=1.34 df=3 p=0.72 I² =0.0%

Test for overall effect z=6.92 p<0.00001
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Analysis 01.09. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 09 Number of surfactant doses per patient

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 09 Number of surfactant doses per patient

Study Early Surfactant Selective Surfactant Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)

N Mean(SD) N Mean(SD) 95% CI (%) 95% CI

Verder 1994 35 1.09 (0.28) 33 0.58 (0.50) 41.3 0.51 [ 0.32, 0.70 ]

Vermont Oxford 2003 138 1.30 (0.70) 132 0.80 (1.10) 31.9 0.50 [ 0.28, 0.72 ]

Texas Research 2004 65 1.28 (0.60) 67 0.55 (0.80) 26.9 0.73 [ 0.49, 0.97 ]

Total (95% CI) 238 232 100.0 0.57 [ 0.44, 0.69 ]

Test for heterogeneity chi-square=2.44 df=2 p=0.29 I² =18.2%

Test for overall effect z=8.89 p<0.00001
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Analysis 01.10. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 10 Air leak syndromes, pulmonary interstitial emphysema,

pneumothorax

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 10 Air leak syndromes, pulmonary interstitial emphysema, pneumothorax

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 FIO2 at Study Entry <= 0.45

Vermont Oxford 2003 8/138 15/132 54.1 0.51 [ 0.22, 1.16 ]

Reininger 2005 0/52 4/53 15.7 0.11 [ 0.01, 2.05 ]

Dani 2004 0/13 1/14 5.1 0.36 [ 0.02, 8.06 ]

NICHD 2002 2/32 2/30 7.3 0.94 [ 0.14, 6.24 ]

Subtotal (95% CI) 235 229 82.3 0.46 [ 0.23, 0.93 ]

Total events: 10 (Early Surfactant), 22 (Selective Surfactant)

Test for heterogeneity chi-square=1.52 df=3 p=0.68 I² =0.0%

Test for overall effect z=2.17 p=0.03

02 FIO2 at Study Entry > 0.45

Verder 1994 1/35 2/33 7.3 0.47 [ 0.04, 4.96 ]

Texas Research 2004 3/65 3/67 10.4 1.03 [ 0.22, 4.92 ]

Subtotal (95% CI) 100 100 17.7 0.80 [ 0.22, 2.89 ]

Total events: 4 (Early Surfactant), 5 (Selective Surfactant)

Test for heterogeneity chi-square=0.29 df=1 p=0.59 I² =0.0%

Test for overall effect z=0.34 p=0.7

Total (95% CI) 335 329 100.0 0.52 [ 0.28, 0.96 ]

Total events: 14 (Early Surfactant), 27 (Selective Surfactant)

Test for heterogeneity chi-square=2.23 df=5 p=0.82 I² =0.0%

Test for overall effect z=2.09 p=0.04
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Analysis 01.11. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 11 Patent ductus arteriosus requiring treatment

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 11 Patent ductus arteriosus requiring treatment

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 FIO2 at Study Entry <= 0.45

Dani 2004 4/13 6/14 31.8 0.72 [ 0.26, 1.98 ]

NICHD 2002 2/13 2/10 12.5 0.77 [ 0.13, 4.55 ]

Subtotal (95% CI) 26 24 44.3 0.73 [ 0.30, 1.78 ]

Total events: 6 (Early Surfactant), 8 (Selective Surfactant)

Test for heterogeneity chi-square=0.00 df=1 p=0.95 I² =0.0%

Test for overall effect z=0.69 p=0.5

02 FIO2 at Study Entry > 0.45

Verder 1994 13/35 6/33 34.0 2.04 [ 0.88, 4.74 ]

Texas Research 2004 9/65 4/67 21.7 2.32 [ 0.75, 7.16 ]

Subtotal (95% CI) 100 100 55.7 2.15 [ 1.09, 4.23 ]

Total events: 22 (Early Surfactant), 10 (Selective Surfactant)

Test for heterogeneity chi-square=0.03 df=1 p=0.86 I² =0.0%

Test for overall effect z=2.21 p=0.03

Total (95% CI) 126 124 100.0 1.52 [ 0.90, 2.57 ]

Total events: 28 (Early Surfactant), 18 (Selective Surfactant)

Test for heterogeneity chi-square=3.68 df=3 p=0.30 I² =18.4%

Test for overall effect z=1.57 p=0.1
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Analysis 01.12. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 12 Necrotizing enterocolitis (NEC)

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 12 Necrotizing enterocolitis (NEC)

Study Early Surfactant Selective Surfactant Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

x Verder 1994 0/35 0/33 0.0 Not estimable

Vermont Oxford 2003 1/138 3/132 84.6 0.32 [ 0.03, 3.03 ]

x Dani 2004 0/13 0/14 0.0 Not estimable

NICHD 2002 1/13 0/10 15.4 2.36 [ 0.11, 52.41 ]

Total (95% CI) 199 189 100.0 0.63 [ 0.12, 3.25 ]

Total events: 2 (Early Surfactant), 3 (Selective Surfactant)

Test for heterogeneity chi-square=1.05 df=1 p=0.31 I² =4.5%

Test for overall effect z=0.55 p=0.6
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Analysis 01.13. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 13 Duration of mechanical ventilation (d)

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 13 Duration of mechanical ventilation (d)

Study Early surfactant Selective surfactant Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)

N Mean(SD) N Mean(SD) 95% CI (%) 95% CI

Vermont Oxford 2003 54 1.70 (1.60) 65 1.90 (1.40) 70.1 -0.20 [ -0.75, 0.35 ]

Texas Research 2004 65 1.37 (2.60) 67 1.30 (2.93) 23.4 0.07 [ -0.87, 1.01 ]

Dani 2004 13 2.00 (1.40) 14 5.60 (3.10) 6.5 -3.60 [ -5.39, -1.81 ]

Total (95% CI) 132 146 100.0 -0.36 [ -0.81, 0.10 ]

Test for heterogeneity chi-square=13.67 df=2 p=0.001 I² =85.4%

Test for overall effect z=1.53 p=0.1
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Analysis 01.14. Comparison 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant,

ventilation in babies with RDS., Outcome 14 Duration in oxygen

Review: Early surfactant administration with brief ventilation vs. selective surfactant and continued mechanical ventilation for preterm infants with or at risk for

respiratory distress syndrome

Comparison: 01 Early surfactant, rapid extubation to NCPAP vs. selective surfactant, ventilation in babies with RDS.

Outcome: 14 Duration in oxygen

Study Early Surfactant Selective Surfactant Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)

N Mean(SD) N Mean(SD) 95% CI (%) 95% CI

Dani 2004 13 7.00 (2.90) 14 11.30 (5.60) 100.0 -4.30 [ -7.63, -0.97 ]

Total (95% CI) 13 14 100.0 -4.30 [ -7.63, -0.97 ]

Test for heterogeneity: not applicable

Test for overall effect z=2.53 p=0.01
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Analysis 02.01. Comparison 02 Prophylactic surfactant, rapid extubation vs. selective surfactant, ventilation

in babies at risk of, Outcome 01 No available studies.

No available studies.
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