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Abstract

Despite recent advances in the perinatal management of
neonatal respiratory distress syndrome (RDS), controver-
sies still exist. We report the recommendations of a Euro-
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pean panel of expert neonatologists who developed
consensus guidelines after critical examination of the
most up-to-date evidence in 2007. Strong evidence
exists for the role of antenatal steroids in RDS prevention,
but it is not clear if repeated courses are safe. Many
practices involved in preterm neonatal stabilization at
birth are not evidence based, including oxygen admin-
istration and positive pressure lung inflation, and they
may at times be harmful. Surfactant replacement therapy
is crucial in management of RDS but the best prepara-
tion, optimal dose and timing of administration at differ-
ent gestations is not always clear. Respiratory support in
the form of mechanical ventilation may also be life saving
but can cause lung injury, and protocols should be direc-
ted to avoiding mechanical ventilation where possible by
using nasal continuous positive airways pressure. For
babies with RDS to have the best outcome, it is essential
that they have optimal supportive care, including main-
tenance of a normal body temperature, proper fluid man-
agement, good nutritional support, management of the
ductus arteriosus and support of the circulation to main-
tain adequate blood pressure.

Keywords: Continuous positive airways pressure; evi-
dence based practice; mechanical ventilation; oxygen
supplementation; patent ductus arteriosus; respiratory
distress syndrome; surfactant therapy; thermoregulation.

Introduction

Respiratory distress syndrome (RDS) is a condition of
pulmonary insufficiency that in its natural course com-
mences at or shortly after birth and increases in severity
over the first 2 days of life. If left untreated death can
occur from progressive hypoxia and respiratory failure. In
survivors resolution begins between 2 and 4 days. RDS
is due to a lack of alveolar surfactant along with structural
immaturity of the lung and it is mainly confined to preterm
babies. Clinically RDS presents with early respiratory
distress comprising cyanosis, grunting, retraction, and
tachypnea. Respiratory failure may develop and is indi-
cated by blood gas analysis. The diagnosis can be con-
firmed on chest X-ray with a classical “ground glass”
appearance and air bronchograms. The Vermont Oxford
Neonatal Network definition requires that babies have a
PaO, <50 mm Hg (<6.6 kPa) in room air, central cya-
nosis in room air or need for supplemental oxygen to
maintain PaO, >50 mm Hg (>6.6 kPa) as well as clas-
sical chest X-ray appearances.
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The aim of management of RDS is to provide interven-
tions that will maximize the number of survivors whilst
minimizing potential adverse effects. Over the past
40 years many strategies and therapies for prevention
and treatment of RDS have been developed and tested
in clinical trials, many of which have now been subjected
to systematic reviews. This document reports the find-
ings of a panel of experts from Europe who have devel-
oped consensus guidelines after critical examination of
the most up-to-date evidence in early 2007.

The levels of evidence and grades of recommendation
used are shown in Table 1.

Prenatal care

Treatment for RDS should begin before birth involving
pediatricians as part of the perinatal team. Preterm
babies at risk of RDS should be born in centers where
appropriate skills are available for stabilization and on-
going respiratory support, including intubation and
mechanical ventilation. There is often prior warning of
impending preterm delivery, allowing time for interven-
tions to be considered including in utero (maternal) trans-
fer where appropriate. Preterm delivery can be delayed
by using antibiotics in the case of preterm, pre-labor rup-
ture of the membranes [55], and tocolytic drugs can be
used in the short-term to delay birth [5, 57, 58, 77] to
allow safe transfer to a perinatal center and to enable
prenatal corticosteroids to take effect. These are given to
mothers to reduce the risk of neonatal death [re-
lative risk (RR) 0.69; 95% confidence interval (ClI)
0.58-0.81; NNT 20] and the use of a single course of
prenatal corticosteroids does not appear to be associ-
ated with any significant maternal or fetal adverse effects
[80]. Betamethasone is the corticosteroid of choice to
enhance fetal lung maturity because of an associated
reduced risk of cystic periventricular leukomalacia when
compared with dexamethasone [9, 51]. The recom-
mended regimen is two doses of 12 mg given intramus-

Table 1 Grades of recommendation and levels of evidence.

Grade of
recommendation

Level of evidence

A At least one high quality meta-analysis of
randomized controlled trials (RCTs) or a suf-
ficiently powered high quality RCT
directly applicable to the target population

B Other meta-analyses of RCTs or a high
quality systematic review of case-control
studies or a low grade RCT but with a high
probability that the relationship is causal

(] A well conducted case-control or cohort
study with a low risk of confounding or bias
D Evidence from case series, case reports or

expert opinion

Modified from SIGN guidelines
www.sign.ac.uk/guidelines/fulltext/50/

developer’'s handbook

cularly 24 h apart [80]. Prenatal corticosteroid therapy is
recommended in all pregnancies with threatened preterm
labor below 35 weeks’ gestation. Although a statistically
significant reduction in rates of RDS in babies
<28 weeks has not been demonstrated in clinical trials
of prenatal corticosteroids, this is probably because of
inadequate numbers of very immature babies included in
the original studies [80]. Improved neurological outcome
has been demonstrated for even the tiniest babies [10,
80]. The optimal treatment to delivery interval is more
than 24 h and <7 days after the start of steroid treatment
[80].

There is continuing controversy over the use of repeat-
ed courses of prenatal corticosteroids. Although there
may be clinical benefits of giving a second course in
cases where delivery has not occurred in terms of further
reducing RDS [25], long-term follow up data are not yet
available. In animal studies there are changes in brain
myelination following repeated exposure to prenatal ste-
roids [47, 113] and in a large cohort study a decrease in
newborn head circumference has also been observed
with increasing prenatal steroid exposure [36]. The most
recent Cochrane systematic review does not recommend
routine repeat courses of prenatal steroids [24].

Recommendations

1. Clinicians should offer a single course of prenatal
betamethasone to all women at risk of preterm deli-
very (before 35 weeks’ gestation) including threat-
ened preterm labor, antepartum hemorrhage, preterm
rupture of membranes or any condition requiring
elective preterm delivery because this treatment is
associated with significant reductions in the rates of
RDS, neonatal death, intraventricular hemorrhage
and necrotizing enterocolitis (A).

2. Erythromycin 500 mg 6 hourly should be given to
mothers with preterm pre-labor rupture of the mem-
branes as this reduces the risk of preterm delivery
(A).

3. In preterm labor it is reasonable not to use tocolytic
drugs as there is no clear evidence that they improve
outcome. However, clinicians should consider their
short-term use to allow completion of a course of
prenatal corticosteroids and/or in utero transfer to a
perinatal center (A).

4. Although there may be a benefit in terms of reducing
RDS from giving a second course of prenatal steroids
in cases where a first course has been given and
delivery has not taken place no other clinically impor-
tant benefits have been identified and no firm
recommendation can be made (A).

Delivery room stabilization

Babies with surfactant deficiency have difficulty achiev-
ing adequate functional residual capacity and maintain-
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ing alveolar aeration. Traditionally many babies have
been resuscitated with bag and mask ventilation, often
using 100% oxygen [49], followed by early intubation for
prophylactic surfactant administration, with subsequent
manual ventilation with 100% oxygen. There is now evi-
dence that resuscitation with 100% oxygen is associated
with increased mortality in term and near-term newborn
babies [84]. Pure oxygen may also be harmful to preterm
infants [67, 106], with a 20% decrease in cerebral blood
flow observed at 2 h of age and worse alveolar/arterial
oxygen gradients in babies resuscitated with oxygen ver-
sus air [67]. In addition, it is also becoming clear that
uncontrolled tidal volumes, either too large or too small,
may also be detrimental to the immature lung [14, 50].
Delivery room continuous positive airways pressure
(CPAP) has come into widespread use although it is not
clear at present if this will reduce the need for subse-
quent surfactant treatment or mechanical ventilation [33,
41]. Pulse oximetry in the immediate newborn period
provides useful information on heart rate during resus-
citation and may help to avoid hyperoxic peaks [52]. Dur-
ing the transitional phase after birth, saturations should
rise gradually from around 60 to 90% over 5 min [52].
Oximetry may identify babies outside of this range and
help to guide inspired oxygen delivery. Clinical trial evi-
dence from resuscitation of preterm babies is limited and
therefore the recommendations are weak.

Recommendations

1. The lowest concentration of oxygen possible should
be used during resuscitation, provided there is an
adequate heart rate response (>100/min) as this
reduces cerebral vasoconstriction (B) and may
reduce mortality (B).

2. Start resuscitation with CPAP of at least 5-6 cm
water via mask or nasal prongs to stabilize the airway
and establish functional residual volume (D).

3. If positive pressure ventilation is needed for resus-
citation, aim to avoid excessive tidal volumes by
incorporating resuscitation devices which measure or
limit the peak inspiratory pressure as this might
reduce the risk of lung injury (D).

4. Intubation should be reserved for babies who have
not responded to positive pressure ventilation by
mask or those requiring surfactant therapy (D).

5. Pulse oximetry may be used to guide oxygen delivery
during resuscitation, aiming to avoid hyperoxic
peaks. It must be remembered that normal satura-
tions during transition after birth may be between
50-80% (D).

Surfactant therapy

Surfactant therapy has revolutionized neonatal respira-
tory care over the past two decades. Most aspects of its

use have been tested in multicenter randomized con-
trolled trials, many of which have been subjected to
meta-analyses. It is clear that surfactant therapy, whether
given prophylactically [96], or as rescue therapy [97] to
babies with or at risk of developing RDS reduces the risk
of pneumothorax (pulmonary air leaks) and neonatal
death. The trials have focused on determining the opti-
mal dose, timing of dosing, the best method of adminis-
tration and the best surfactant preparation.

Surfactant dosing and re-dosing

An experienced neonatal resuscitation/stabilization team
is essential for surfactant administration. At least 100
mg/kg of phospholipid is required [112] but there is some
evidence that 200 mg/kg may be better for treating
established RDS [78]. Most clinical trials have used either
bolus instillation or fairly rapid instillation over one minute
and this appears to result in better distribution of surfac-
tant [108]. Administration via a dual lumen endotracheal
tube without disconnection from mechanical ventilation
is also effective at reducing short-term side effects such
as hypoxemia and bradycardia [108]. Surfactant therapy
clearly works better the earlier in the course of RDS it
is given [99]. Surfactant prophylaxis in babies of
<831 weeks’ gestation reduces mortality (RR 0.61; 95%
Cl1 0.48-0.77; NNT 20) and pulmonary air leaks (RR 0.62;
95% CI 0.42-0.89; NNT 50) compared to later rescue
surfactant, but may result in some babies being intubat-
ed and receiving therapy unnecessarily [99]. These trials
were carried out in an era of low prenatal corticosteroid
use and for this reason a lower gestation below which
prophylactic surfactant can be recommended as a rou-
tine may be appropriate, perhaps <27 weeks. Attempts
to predict the development of RDS in individual babies
using the stable microbubble test may reduce unneces-
sary intubations, but this practice has not yet come into
widespread use [34]. The aim is to treat all babies at risk
of developing RDS as early as possible, and this will
include babies deemed to be at very high risk who should
receive prophylactic therapy in the delivery suite before
the diagnosis is made. In babies who require surfactant,
mechanical ventilation can also be avoided by the
“INSURE” technique (intubate — surfactant — extubate to
CPAP) and this method has been shown in randomized
trials to reduce the need for mechanical ventilation [ 102].
The earlier in the course of RDS that surfactant is given
the greater the chance of avoiding ventilation [111].
Following surfactant administration there may, after a
variable period of time, be a need for a further dose of
surfactant. In randomized trials it would appear that two
doses are better than a single dose [95] and a study with
poractant alfa (see below) showed that up to three doses
compared to a single dose reduced mortality (13% vs.
21%) and pulmonary air leaks (9% vs. 18%) [100]. There
are two approaches to repeat dosing, the first being rigid
with further doses of surfactant being administered after
a set time period and the second being more flexible,
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with repeat dosing occurring at the pediatricians’ discre-
tion. The latter is the more common approach. One study
suggests that repeat surfactant may be given with a high
threshold and this reduces the need for re-treatment
without adversely affecting outcome [53], and there are
pharmacokinetic data to support this approach [112].
Surfactant therapy beyond the first week of life results in
acute responses only with no evidence of any difference
in long-term outcome [76].

Surfactant preparations

There are several different types of surfactant preparation
licensed for use in neonates with RDS including synthetic
(protein-free) and natural (derived from animal lungs) sur-
factants (see Table 2). Studies have compared colfosceril
palmitate with calfactant and beractant, and pumactant
with poractant alfa. Natural surfactants are better than
synthetic preparations with a meta-analysis of random-
ized controlled trials showing both a significant reduction
in pulmonary air leak (RR 0.63; 95% CI 0.53-0.75; NNT
25) and reduced mortality (RR 0.86; 95% CI 0.76-0.98;
NNT 50) [98]. Natural surfactants are therefore the treat-
ment of choice. Trials comparing the natural bovine sur-
factants calfactant and beractant showed no difference
in outcome when given prophylactically or as rescue
therapy [15, 16]. Trials comparing the porcine derived
poractant alfa and the bovine derived beractant as res-
cue therapy individually show more rapid improvements
in oxygenation with the former and a trend towards
reduced mortality in each trial [78, 101]. Overall there
may be a survival advantage (RR 0.29; 95% CI 0.10-
0.79; NNT 14) with poractant alfa when a 200 mg/kg
dose is compared with 100 mg/kg of beractant to treat
established RDS [42]. Comparisons have been made
between the new synthetic surfactant, lucinactant and
colfosceril palmitate and beractant [72], and lucinactant

Table 2 Surfactant preparations 2007.

and poractant alfa [92]. This surfactant is not yet licensed
to treat RDS in the newborn.

Recommendations

1. Babies with or at high risk of RDS should be given
surfactant as this reduces mortality and pulmonary
air leak (A).

2. Prophylaxis (within 15 min of birth) should be given
to almost all babies under 27 weeks’ gestation. Pro-
phylaxis should be considered for babies over
26 weeks but <30 weeks’ gestation if intubation is
required in the delivery suite or if the mother has not
received prenatal corticosteroids (A).

3. Early rescue surfactant should be given to untreated
babies if there is evidence of RDS such as increasing
requirement for oxygen (A). Individual units need to
develop protocols for when to intervene as RDS pro-
gresses (D).

4. A second, and sometimes a third dose of surfactant
should be administered if there is ongoing evidence
of RDS such as a persistent oxygen requirement and
need for mechanical ventilation or if over 50% oxy-
gen is needed on CPAP at 6 cm H,O as this reduces
pneumothorax and probably also mortality (A).

5. For babies on CPAP a second dose of surfactant
should be given if they are determined to need
mechanical ventilation (D).

6. Natural surfactants should be used in preference to
synthetic as they reduce pulmonary air leaks and
mortality (A). Of the natural surfactants the bovine
products beractant and calfactant seem similar in
their efficacy but poractant alfa in a dose of 200
mg/kg for rescue therapy leads to improved survival
compared to beractant (B).

7. Where possible, duration of mechanical ventilation
should be shortened by immediate (or early) extu-

Generic Trade Source Producer Dose (volume)
name name
Pumactant ALEC® Synthetic Britannia (UK) No longer manufactured
Bovactant Alveofact® Bovine Lyomark (Germany) 50 mg/kg/dose (1.2 mL/kg)
BLES BLES® Bovine BLES Biochemicals 135 mg/kg/dose (5 mL/kg)*
(Canada)
Poractant alfa Curosurf® Porcine Chiesi Farmaceutici 100-200 mg/kg/dose
(Italy) (1.25-2.5 mL/kg)
Colfosceril Exosurf® Synthetic GlaxoSmithKline 64 mg/kg/dose (5 mL/kg)*
palmitate (USA)
Calfactant Infasurf® Bovine ONY Inc. (USA) 105 mg/kg/dose (3 mL/kg)
Surfactant-TA Surfacten® Bovine Tokyo Tanabe (Japan) 100 mg/kg/dose (3.3 mL/kg)*
Lucinactant Surfaxin® Synthetic Discovery Labs Not licensed
(USA)
Beractant Survanta® Bovine Ross Labs (USA) 100 mg/kg/dose (4 mL/kg)

*Not available in Europe.
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bation to CPAP following surfactant administration
provided the baby is otherwise stable (B).

Oxygen supplementation beyond stabilization

There is currently no firm evidence to guide optimal oxy-
gen saturation targeting during the acute management of
RDS. Studies in more mature babies requiring resusci-
tation suggest that recovery is quicker when using air
compared with 100% oxygen [82] with less evidence of
oxidative stress [110] and no difference in long-term out-
come [106]. Beyond the neonatal period data suggest
that oxygen saturation targets in preterm babies receiv-
ing supplemental oxygen should be maintained below
93% and not exceed 95% in order to prevent retinopathy
of prematurity (ROP) and bronchopulmonary dysplasia
(BPD) [6, 84]. Large studies to determine the potential
beneficial effects of reduction of progression of ROP by
targeting higher saturations failed to show any improved
ophthalmological outcome, however, the babies in higher
oxygen had more respiratory symptoms and an
increased incidence of chronic oxygen dependency [64,
105]. It seems logical to avoid excess oxygen exposure
at any time as there is no reason to believe that babies
within the first few days after birth tolerate hyperoxia bet-
ter than later in their course. There are also data to sug-
gest that fluctuations in oxygen saturation can also be
harmful being associated with an increased incidence of
ROP [20, 26]. After using natural surfactant a hyperoxic
peak may occur and this is associated with an increase
in grades | and Il intraventricular hemorrhage [21].
Antioxidants such as vitamins A and E and the enzyme
superoxide dismutase have been administered to babies
at risk of developing BPD in an attempt to reduce oxy-
gen-free radical-induced lung inflammation. So far only
vitamin A has shown promise, with a modest but statis-
tically significant reduction in BPD in babies treated with
intramuscular vitamin A compared with controls [27].

Recommendations

1. In babies receiving oxygen, saturation should be
maintained at all times below 95% as this may
reduce ROP and BPD (D).

2. After giving surfactant, avoid a hyperoxic peak by
rapid reduction in FiO, as this is associated with
grade | and Il IVH (C).

3. Consider giving intramuscular vitamin A as this
reduces BPD although it requires thrice weekly intra-
muscular injections for 4 weeks (A).

The role of CPAP in the management of RDS

Continuous positive airways pressure (CPAP) is often
used as a substitute for mechanical ventilation to provide

respiratory support for babies with RDS, despite the lack
of data from recent randomized trials to show its effect-
iveness in this population [104]. Mechanical ventilation is
harmful to immature lungs and should be avoided if pos-
sible. CPAP reduces the need for re-intubation if applied
following extubation from mechanical ventilation and at
least 5 cm water pressure appears to be needed to
achieve this [28]. There is no good evidence that use of
CPAP will prevent surfactant deficiency but babies with
mild RDS are often managed on CPAP without receiving
surfactant treatment [81]. The earlier CPAP is applied,
the greater the chance of avoiding mechanical ventilation
(RR 0.55; 95% CI 0.32-0.96; NNT 6) [46]. There is no
evidence to date of any differences in long-term out-
comes among the various devices used to provide nasal
CPAP [63], however, studies have shown that short bina-
sal prongs are better than a single prong at reducing the
need for re-intubation (RR 0.59; ClI 0.41-0.85; NNT 5)
[29]. Recently, devices such as the infant flow driver have
been developed with the technology to provide a back-
ground of synchronized nasal ventilation. Small trials in
babies with apnea have been promising with reduced
extubation failure rates in babies on nasal back-up
breaths [62]. Small studies in babies with RDS have
shown decreased work of breathing on nasal ventilation
compared with CPAP alone [3] but no long-term follow
up data are available and larger studies are needed.

Recommendations

1. CPAP should be initiated in all babies at risk of RDS,
such as those <30 weeks’ gestation who are not
receiving mechanical ventilation, until their clinical
status can be assessed (D).

2. The use of CPAP with early rescue surfactant should
be considered in babies with RDS in order to reduce
the need for mechanical ventilation (A).

3. Short binasal prongs, such as those in the flow driver
system, should be used rather than a single prong
as they reduce the need for intubation (C) and a pres-
sure of at least 6 cm water should be applied as this
reduces the need for re-intubation in babies recently
extubated (A).

Mechanical ventilation strategies

The aim of mechanical ventilation (MV) is to provide
acceptable blood gases with minimum risks of lung inju-
ry, hemodynamic impairment and other adverse events
such as hypocapnia associated with neurological impair-
ment. Before surfactant became available MV was shown
to reduce death from RDS [44]. MV can be provided as
intermittent positive pressure ventilation (IPPV) or high
frequency oscillatory ventilation (HFOV) [45]. The princi-
ple of MV is to stabilize the lung after recruitment to opti-
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mal lung volume with adequate positive end-expiratory
pressure (PEEP) or continuing distending pressure (CDP)
on HFQOV to keep the lung open during the whole respi-
ratory cycle. Treatment of RDS with MV can be divided
into four phases: recruitment, stabilization, recovery and
weaning. For recruitment PEEP and peak inspiratory
pressure (PIP), or CDP on HFQV are crucial. The stabili-
zation should be achieved on the more compliant expi-
ratory limb of the lung pressure-volume hysteresis curve.
Once stabilized on MV, babies with RDS should be
aggressively weaned towards extubation provided it is
clinically safe and they have acceptable blood gases.
Hypocapnia should be avoided wherever possible as this
is associated with increased risks of BPD and periven-
tricular leukomalacia [30, 39]. Extubation may be suc-
cessful from 6-7 cm H,O of mean airway pressure on
conventional modes and from 8-9 cm H,O of CDP on
HFQV, even in tiny babies. Extubation to nasal CPAP
reduces the risk of re-intubation (RR 0.62; 95% CI 0.49-
0.77; NNT 6) [28].

All types of MV are potentially injurious to the lung. A
strategy for minimizing lung injury is to optimize lung vol-
ume whilst avoiding excessive tidal volumes and atelec-
tasis. Previously it was believed that this could best be
achieved with HFOV, however, with the introduction of
lung protective, low tidal volume conventional ventilation
some of the benefits of HFOV over conventional venti-
lation as regards lowering the incidence of BPD have
been attenuated [17]. Strategy and technique are more
important than mode of ventilation and the method that
is most successful in your own unit should be employed
[7, 23, 30]. HFOV may be useful as a rescue therapy in
babies with severe respiratory failure on IPPV [37]. Res-
cue HFQOV reduces new pulmonary air leaks (RR 0.73;
95% CI 0.55-0.96; NNT 6) but there are still concerns
about increased risks of intraventricular hemorrhage (RR
1.77; 95% CIl 1.06-2.96; NNH 6) in preterm babies [13].
The effect of surfactant is to improve compliance and
therefore lung volumes. Over-distension should be con-
sidered if a baby is deteriorating on MV following surfac-
tant administration. Lung injury in the short-term can lead
to air leak such as pneumothorax or pulmonary interstitial
emphysema and in the longer term can result in BPD.

Many newer types of MV are now available, incorpo-
rating flow sensors that can accurately detect breathing
efforts and measure inspiratory and expiratory gas vol-
umes. Most of these newer ventilator modes have been
studied in small trials. Targeted tidal volume ventilation
may be useful in avoiding injurious over-distension and
reduce hypocapnia episodes, but there are no long-term
follow-up data as yet to support its routine use [56, 70].
Patient triggered, or synchronized ventilation can shorten
the duration of MV during the weaning process in very
tiny babies, however, there is no evidence of any long-
term benefit in terms of survival or reduction in BPD [38].
Tolerating higher PaCO, levels during weaning has also

been attempted to facilitate earlier extubation, although
there are insufficient data to date to support this
approach [114]. Caffeine therapy may facilitate success-
ful extubation and reduce BPD, however, long-term
follow up data are needed to determine the safety of
this therapy [86]. Inhaled nitric oxide has also been
administered to preterm babies in an attempt to reduce
ventilation-perfusion mismatching and decrease pulmo-
nary inflammation, but there is no clear evidence to date
that this leads to improved outcomes or a reduced risk
of BPD [8, 59, 109].

Recommendations

1. Mechanical ventilation (MV) should be used to sup-
port babies with respiratory failure as this improves
survival (A).

2. All modes of MV can induce lung injury and should
be limited to the shortest possible duration provided
there is a reasonable chance of successful extuba-
tion (D).

3. Avoid hypocapnia, wherever possible, as this is
associated with increased risks of BPD and periven-
tricular leukomalacia (B).

4. Following extubation, babies should be put on nasal
CPAP as this reduces the need for re-intubation (A).

Prophylactic treatment for sepsis

Early-onset group B streptococcal (GBS) disease is the
most frequent cause of serious infection in the newborn
period [18]. In women who are known to be colonized
with GBS the risk of early onset sepsis can be reduced
by administration of intrapartum antibiotic prophylaxis
(RR 0.12; 95% CI 0.03-0.44; NNT 20) [93]. Early onset
GBS sepsis is relatively rare, affecting up to 1:1000
births, however, in preterm babies up to 30% of cases
will die and there is a high proportion of adverse neuro-
logical sequelae in survivors, particularly those with men-
ingitis. Prematurity, amongst other risk factors, increases
the likelihood that GBS is present and the symptoms of
early onset GBS pneumonia closely mimic RDS. For this
reason it is considered good practice to screen all babies
with RDS by performing blood cultures as well as looking
for other evidence of sepsis such as neutropenia, throm-
bocytopenia or an elevated C- reactive protein. Treat-
ment with antibiotics against GBS should be initiated in
all babies with RDS until sepsis has been excluded, usu-
ally by a negative blood culture after 48 h.

Recommendation

1. Babies with RDS should routinely have blood cul-
tures performed before starting treatment with intra-
venous penicillin or ampicillin (D). This may reduce
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death from early onset GBS although data to support
this approach are not available from randomized
controlled trials.

Supportive care

For babies with RDS to have the best outcome, it is
essential that they have optimal supportive care, includ-
ing maintenance of a normal body temperature, proper
fluid management, good nutritional support, manage-
ment of the ductus arteriosus and support of the circu-
lation to maintain adequate blood pressure.

Temperature control

Traditional methods used to maintain body temperature
in term newborns are ineffective in immature babies [22],
so use of additional warming techniques are recom-
mended. Immediately after birth all efforts should be
made to reduce heat loss to prevent hypothermia since
this improves survival [89]. Hypothermia can be pre-
vented by wrapping and drying the baby with pre-
warmed blankets, removing wet blankets, keeping the
baby away from cold sources and by the use of servo-
controlled radiant warmers [1]. Use of a polyethylene bag
or wrap will reduce hypothermia during care in the deliv-
ery room and transfer to the NICU in infants <28 weeks
and it might reduce hospital death rate, although it is not
clear what the risks of hyperthermia are with this tech-
nique and there are no long-term follow up studies [69].
Radiant warmers can be used for accessibility in the
NICU, however, in comparison with incubators, increased
insensible water losses occur even if a heat shield is used
and the duration of their use should be kept to a mini-
mum [35]. In preterm babies in incubators the use of a
servo-controlled temperature at 36°C decreases neonatal
mortality [91].

Recommendations

1. Axillary temperature should be maintained at
36.1-37°C and abdominal skin temperature at
36-36.5°C [4] (C).

Fluid and nutritional management

Current evidence from randomized controlled trials is
insufficient to conclude that fluid and electrolyte therapy
plays a major role in the pathogenesis of RDS and BPD
[65]. Extracellular water and sodium contraction during
the first postnatal days is likely to be physiological and
daily weighing is useful to help guide fluid management.
There is little evidence that restriction of fluid intake has
a positive effect although increasing fluid intake may be
deleterious with increased incidence of persistent ductus

arteriosus (PDA), BPD and necrotizing enterocolitis (NEC)
[11]. Most babies should be started on intravenous fluids
of 70-80 ml/kg/day [87]. Sodium intake should initially
be restricted, then initiated after the onset of diuresis
[43]. There is no evidence to support the use of diuretics
in RDS [19].

Early nutrition is an important part of the overall care
plan for babies with RDS. Initially, enteral feeding might
not be possible or desirable, so nutrients should be given
as parenteral nutrition (PN) to provide enough energy and
amino acids to prevent a negative balance and to pro-
mote early growth by increasing protein synthesis and
nitrogen retention [2, 79, 90]. Traditionally, nutrients are
introduced slowly but a recent study has shown that full
nutrition requirements for glucose, amino acids and lipids
can be safely provided to preterm infants from the first
hour after birth [48]. Early randomized trials showed that
PN improved survival by 40% in babies of 28—-30 weeks’
gestation with RDS and it is associated with a shorter
hospital stay [40, 68]. Whether or not enteral feeding is
safe when there are hemodynamic upsets such as hypo-
tension, PDA and indomethacin therapy is unknown but
RDS itself is not a contraindication to feeding and small
volumes of breast milk may be given to babies provided
they are clinically stable, even if there is an umbilical
catheter in situ [54]. As early as possible, minimal enteral
or “trophic” feeding using breast milk should be provided
to enhance maturation and function of the gastrointesti-
nal tract, to decrease intolerance and time to full enteral
feeds, increase weight gain and shorten hospitalization
[12, 66, 71]. A Cochrane review shows no statistically
significant increase in the risk of NEC with trophic feeding
[107].

Recommendations

1. Most babies should be started on intravenous fluids
of 70-80 ml/kg/day while being kept in >80%
ambient moisture in the incubator (D).

2. Fluid and electrolyte therapy should be tailored indi-
vidually in preterm infants, allowing a 2.5-4% daily
weight loss (15% total), rather than imposing a fixed
daily progression (D).

3. Sodium intake should be restricted over the first few
days of life and initiated after the onset of diuresis
with careful monitoring of fluid balance and electro-
lyte levels (B).

4. There should be early introduction of protein, calories
and lipids in PN as this improves survival (A).

5. Minimal enteral feeding should be started in stable
babies with RDS as this will shorten duration of hos-
pitalization (B).

Maintenance of blood pressure

Arterial hypotension has been associated with increased
morbidity and mortality in preterm infants. However, there
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is little evidence that the treatment of arterial hypotension
improves clinical outcome. There is a lack of data to
determine what normal acceptable blood pressure values
should be [32, 88] but many clinicians as a guide aim to
maintain the mean arterial pressure above the gestational
age in weeks. In the preterm newborn, systemic blood
pressure and cardiac output are not closely correlated
[60], and it is cardiac output and tissue perfusion that
are probably the most important determinants of out-
come. Cardiac output is technically difficult to measure
ultrasonographically because of the presence of ductal
shunts. To an extent normal tissue perfusion can be
determined clinically by adequate urine output and
absence of significant metabolic acidosis.

Hypotension during the acute phase of RDS is only
rarely related to hypovolemia, and volume expansion
should be limited to 10-20 mL/kg [75]. Administration of
colloids is associated with increased mortality and oxy-
gen dependency and crystalloids should be used in pre-
ference when hypovolemia is suspected [94]. Dopamine
is better than dobutamine to treat hypotension in preterm
infants in terms of short-term outcome [1083], but dobu-
tamine may be a more rational choice if the cause of
hypotension is myocardial failure. Hydrocortisone may be
used for treatment of hypotension after conventional
treatment has failed [73] but there may be an increased
risk of intestinal perforation especially if indomethacin
has been used concomitantly.

Recommendations

1. Treatment of arterial hypotension is recommended
when it is accompanied by evidence of poor tissue
perfusion (C).

2. Doppler-ultrasound assessment of systemic hemo-
dynamics should be used when possible to deter-
mine the mechanisms responsible for hypotension
and to guide treatment (D).

3. In the absence of cardiac ultrasound, volume expan-
sion with 10 mL/kg 0.9% saline should be used as
first line treatment of hypotension to exclude hypo-
volemia (D).

4. Dopamine (2-20 wg/kg/min) rather than dobutamine
should be used if volume expansion fails to satisfac-
torily improve blood pressure (B).

5. Dobutamine (5-10 wg/kg/min) or epinephrine
(0.01-1 pg/kg/min) infusions may be used in addi-
tion, if maximum dose dopamine fails to satisfactorily
improve blood pressure (D).

6. Hydrocortisone (1 mg/kg 8 hourly) should be used in
cases of refractory hypotension where conventional
therapy has failed (B).

Management of persistent ductus arteriosus

Persistent ductus arteriosus (PDA) may provide clinical
problems for very preterm babies with RDS. Prophylactic

indomethacin will reduce PDA and IVH but there is no
difference in long-term outcome [61, 85]. Alternatively,
indomethacin or ibuprofen may be used when there are
early signs of PDA such as hypotension with wide pulse
pressures. The efficacy of indomethacin and ibuprofen
for treatment of established PDA is equivalent although
ibuprofen is associated with a lower rate of renal adverse
effects [74]. At present there is insufficient evidence of
either short-term benefit or improved long-term out-
comes when treating PDA with either indomethacin or
ibuprofen or surgical ligation. Pharmacological or surgical
treatment of presymptomatic or symptomatic PDA must
be based on individual assessment of clinical signs and
echocardiographic findings suggesting poor tolerance of
PDA.

Recommendations

1. Indomethacin prophylaxis reduces PDA and severe
IVH but there is no evidence of differences in long-
term outcome, therefore firm recommendations can-
not be made (A).

2. If a decision is made to attempt therapeutic closure
of the PDA then indomethacin or ibuprofen have
been shown to be equally efficacious (B).

Summary of recommendations

Preterm babies at risk of RDS should be born in centers
where appropriate care, including mechanical ventilation,
is available. If possible, birth should be delayed to allow
the maximum benefit of prenatal corticosteroid therapy.
At birth, resuscitate gently, avoiding excessive tidal vol-
umes and exposure to 100% O, if possible, provided
there is an adequate heart rate response (> 100/min). For
extremely preterm infants, consider intubation in delivery
suite for prophylactic surfactant administration. For more
mature babies, CPAP should be initiated early, and early
rescue surfactant administered if signs of RDS develop.
Natural surfactants should be used and given as early as
possible in the course of RDS. More mature babies can
often be extubated to CPAP immediately following sur-
factant, and a judgment needs to be made if an individual
baby will tolerate this. For those who require mechanical
ventilation, aim to ventilate for as short a time as possi-
ble, aiming to avoid hyperoxia and hypocapnia. Repeat
doses of surfactant may be required if there is ongoing
evidence of RDS. Following extubation, babies should be
maintained on CPAP until it is clear that they are stable.

Whilst managing RDS good supportive care is also
essential. Antibiotics should be initiated until sepsis has
been ruled out. Body temperature should be maintained
in the normal range at all times and careful fluid balance
with nutritional support, initially in the form of parenteral
nutrition, should be instigated. Blood pressure should be
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monitored regularly, aiming to maintain normal tissue
perfusion, if necessary using inotropes and consideration
should be given to whether pharmacological closure of
the ductus arteriosus is indicated.

Conflict of interest

A European panel of experts was convened by Chiesi
Farmaceutici, Parma, ltaly to develop evidence based
guidelines on the management of RDS. The process
was supported by an educational grant and members of
the panel received honoraria for their contributions.
The guidelines were prepared using evidence based
methodology as summarized in Table 1 and the phar-
maceutical company had no editorial input. Ola Didrik
Saugstad is a member of Chiesi Farmaceutici Advisory
Board.

References

[1] 2005 American Heart Association Guidelines for Cardio-
pulmonary Resuscitation and Emergency Cardiovascular
Care. Part 13: Neonatal Resuscitation Guidelines. Cir-
culation. 2005;112:1V-188-95.

[2] Adamkin DH, McClead RE Jr, Desai NS, McCulloch KM,
Marchildon MB. Comparison of two neonatal intravenous
amino acid formulations in preterm infants: a multicenter
study. J Perinatol. 1991;11:375-82.

[3] Aghai ZH, Saslow JG, Nakhla T, et al. Synchronized nasal
intermittent positive pressure ventilation (SNIPPV)
decreases work of breathing (WOB) in premature infants
with respiratory distress syndrome (RDS) compared to
nasal continuous positive airway pressure (NCPAP).
Pediatr Pulmonol. 2006;41(9):875-81.

[4] American Academy of Pediatrics/American College of
Obstetrics and Gynecology. Guidelines for Perinatal
Care. 5th ed. 2002. ISBN: 0-915473-89-5.

[5] Anotayanonth S, Subhedar NV, Garner P, et al. Beta-
mimetics for inhibiting preterm labor. Cochrane Database
Syst Rev. 2004;(4):CD004352.

[6] Askie LM, Henderson-Smart DJ, Irwig L, et al. Oxygen-
saturation targets and outcomes in extremely preterm
infants. N Engl J Med. 2003;349(10):959-67.

[7] Attar MA, Donn SM. Mechanisms of ventilator-induced
lung injury in premature infants. Semin Neonatol. 2002;
7(5):353-60.

[8] Barrington KJ, Finer NN. Inhaled nitric oxide for respira-
tory failure in preterm infants. Cochrane Database Syst
Rev. 2006;(1):CD000509.

[9] Baud O, Foix-L'Helias L, Kaminski M, et al. Antenatal glu-
cocorticoid treatment and cystic periventricular leuko-
malacia in very premature infants. N Engl J Med. 1999;
341:1190-6.

[10] Baud O, Zupan V, Lacaze-Masmonteil T, et al. The rela-
tionships between antenatal management, the cause of
delivery and neonatal outcome in a large cohort of very
preterm singleton infants. Br J Obstet Gynaecol. 2000;
107:877-84.

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Bell EF, Acarregui MJ. Restricted versus liberal water
intake for preventing morbidity and mortality in preterm
infants. Cochrane Database Syst Rev. 2001;(3):
CD000503.

Berseth CL, Nordyke CK, Valdes MG, Furlow BL, Go VL.
Responses of gastrointestinal peptides and motor activ-
ity to milk and water feedings in preterm and term infants.
Pediatr Res. 1992;31:587-90.

Bhuta T, Henderson-Smart DJ. Rescue high frequency
oscillatory ventilation versus conventional ventilation for
pulmonary dysfunction in preterm infants. Cochrane
Database Syst Rev. 2000;(2):CD000438.

Bjorklund LJ, Ingimarsson J, Curstedt T, et al. Manual
ventilation with a few large breaths at birth compromises
the therapeutic effect of subsequent surfactant replace-
ment in immature lambs. Pediatr Res. 1997;42(3):348-
55.

Bloom BT, Kattwinkel J, Hall RT, et al. Comparison of
Infasurf (calf lung surfactant extract) to Survanta (Berac-
tant) in the treatment and prevention of respiratory dis-
tress syndrome. Pediatrics. 1997;100(1):31-8.

Bloom BT, Clark RH, Infasurf Survanta Clinical Trial
Group. Comparison of Infasurf (calfactant) and Survanta
(beractant) in the prevention and treatment of respiratory
distress syndrome. Pediatrics. 2005;116:392-9.

Bollen CW, Uiterwaal C, Van Vught AJ. Cumulative meta
analysis of high frequency versus conventional ventilation
in premature neonates. Am J Respir Crit Care Med.
2003;168:1150-55.

Boyer KM, Gotoff SP. Antimicrobial prophylaxis of neo-
natal group B streptococcal sepsis. Clin Perinatol. 1988;
15:831-50.

Brion LP, Soll RF. Diuretics for respiratory distress syn-
drome in preterm infants. Cochrane Database Syst Rev.
2001;(2):CD001454.

Chow LC, Wright KW, Sola A, Oxygen Administration
Study Group. Can changes in clinical practice decrease
the incidence of severe retinopathy of prematurity in very
low birth weight infants? Pediatrics. 2003;111(2):339-45.
Collaborative European Multicentre Study Group. Factors
influencing the clinical response to surfactant replace-
ment therapy in babies with severe respiratory distress
syndrome. Eur J Pediatr. 1991;150:433-9.

Costeloe K, Hennessy E, Gibson AT, Marlow N, Wilkinson
AR. The EPICure study: outcomes to discharge from hos-
pital for infants born at the threshold of viability. Pedia-
trics. 2000;106:659-71.

Courtney S, Durand D, Asselin J, et al. Neonatal Venti-
lation Study Group. High-frequency oscillatory ventilation
versus conventional mechanical ventilation for very-low-
birth-weight infants. N Engl J Med. 2002;347(9):643-52.
Crowther CA, Harding J. Repeat doses of prenatal cor-
ticosteroids for women at risk of preterm birth for pre-
venting neonatal respiratory disease. Cochrane Database
Syst Rev. 2003;(3):CD003935.

Crowther CA, Haslam RR, Hiller JE, Doyle LW, Robinson
JS, Australasian Collaborative Trial of Repeat Doses of
Steroids (ACTORDS) Study Group. Neonatal respiratory
distress syndrome after repeat exposure to antenatal
corticosteroids: a randomized controlled trial. Lancet.
2006;367(9526):1913-9.

Cunningham S, Fleck BW, Elton RA, MclIntosh N. Trans-
cutaneous oxygen levels in retinopathy of prematurity.
Lancet. 1995;346(8988):1464-5.



184 Sweet et al., Management of neonatal respiratory distress syndrome

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[44]

Darlow BA, Graham PJ. Vitamin A supplementation for
preventing morbidity and mortality in very low birthweight
infants. Cochrane Database Syst Rev. 2002;4):
CD000501.

Davis PG, Henderson-Smart DJ. Nasal continuous pos-
itive airways pressure immediately after extubation for
preventing morbidity in preterm infants. Cochrane Data-
base Syst Rev. 2003;(2):CD000143.

de Paoli AG, Davis PG, Faber B, Morley CJ. Devices and
pressure sources for administration of nasal continuous
positive airway pressure (NCPAP) in preterm neonates.
Cochrane Database Syst Rev. 2002;(3):CD002977.
Ehlert CA, Truog WE, Thibeault DW, et al. Il. Hyperoxia
and tidal volume: independent and combined effects on
neonatal pulmonary inflammation. Biol Neonate. 2006;
90(2):89-97.

Erickson SJ, Grauaug A, Gurrin L, et al. Hypocarbia in
the ventilated preterm infant and its effect on intraven-
tricular haemorrhage and bronchopulmonary dysplasia.
J Paediatr Child Health. 2002;38(6):560-2.

Fanaroff JM, Fanaroff AA. Blood pressure disorders in the
neonate: hypotension and hypertension. Semin Fetal
Neonatal Med. 2006;11(3):174-81.

Finer NN, Carlo WA, Duara S, et al. Delivery room con-
tinuous positive airway pressure/positive end-expiratory
pressure in extremely low birth weight infants: a feasibility
trial. Pediatrics. 2004;114(3):651-7.

Fiori HH, Fritscher CC, Fiori RM. Selective surfactant pro-
phylaxis in preterm infants born at < or=31 weeks’ ges-
tation using the stable microbubble test in gastric
aspirates. J Perinat Med. 2006;34(1):66-70.

Flenady VJ, Woodgate PG. Radiant warmers versus incu-
bators for regulating body temperature in newborn
infants. Cochrane Database Syst Rev. 2003;(4):
CD000435.

French NP, Hagan R, Evans SF, et al. Repeated antenatal
corticosteroids: size at birth and subsequent develop-
ment. Am J Obstet Gynecol. 1999;180(1 Pt 1):114-21.
Gerstmann DR, Minton SD, Stoddard RA, et al. The PRO-
VO multicenter early high-frequency oscillatory ventila-
tion trial: improved pulmonary and clinical outcome in
respiratory distress syndrome. Pediatrics. 1996;98:1044—
57.

Greenough A, Milner AD, Dimitriou G. Synchronized
mechanical ventilation for respiratory support in newborn
Cochrane Database Syst Rev. 2004;(4):CD000456.
Greisen G, Vannucci RC. Is periventricular leucomalacia
a result of hypoxic-ischaemic injury? Hypocapnia and the
preterm brain. Biol Neonate. 2001;79:194-200.

Gunn T, Reaman G, Outerbridge F, Colle E. Peripheral
total parenteral nutrition for premature infants with res-
piratory distress syndrome: a controlled study. J Pediatr.
1978;92:608-13.

Halamek LP, Morley C. Continuous positive airway pres-
sure during neonatal resuscitation. Clin Perinatol. 2006;
33(1):83-98.

Halliday HL. History of surfactant from 1980. Biol Neo-
nate. 2005;87(4):317-22. Epub 2005 Jun 1.

Hartnoll G, Betremieux P, Modi N. Randomized controlled
trial of postnatal sodium supplementation on body com-
position in 25-30 week gestational age infants. Arch Dis
Child Fetal Neonatal Ed. 2000;82(1):F24-8.
Henderson-Smart DJ, Wilkinson A, Raynes-Greenow CH.
Mechanical ventilation for newborn infants with respira-

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

tory failure due to pulmonary disease. Cochrane Data-
base Syst Rev. 2002;(4):CD002770.

Henderson-Smart DJ, Bhuta T, Cools F, et al. Elective
high frequency oscillatory ventilation versus conventional
ventilation for acute pulmonary dysfunction in preterm
infants. Cochrane Database Syst Rev. 2003;(1):
CD000104.

Ho JJ, Henderson-Smart DJ, Davis PG. Early versus
delayed initiation of continuous distending pressure for
respiratory distress syndrome in preterm infants.
Cochrane Database Syst Rev. 2002;(2):CD002975.
Huang WL, Harper CG, Evans SF, et al. Repeated pre-
natal corticosteroid administration delays myelination of
the corpus callosum in fetal sheep. Int J Dev Neurosci.
2001;19(4):415-25.

Ibrahim HM, Jeroudi MA, Baier RJ, Dhanieddy R, Krous-
kop RW. Aggressive early total parenteral nutrition in low-
birth-weight infants. J Perinatol. 2004;24:482-6.
International Guidelines for Neonatal Resuscitation. An
Excerpt From the Guidelines 2000 for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care: Inter-
national Consensus on Science. Pediatrics. 2000;106:
e29.

Jobe AH, lkegami M. Mechanisms initiating lung injury in
the preterm. Early Hum Dev. 1998;53(1):81-94.

Jobe AH, Soll RF. Choice and dose of corticosteroid for
antenatal treatments. Am J Obstet Gynecol. 2004;
190(4):878-81.

Kamlin CO, O’Donnell CP, Davis PG, Morley CJ. Oxygen
saturation in healthy infants immediately after birth. J
Pediatr. 2006;148(5):585-9.

Kattwinkel J, Bloom BT, Delmore P, et al. High-versus
low-threshold surfactant retreatment for neonatal respi-
ratory distress syndrome. Pediatrics. 2000;106:282-8.
Kennedy KA, Tyson JE, Chamnanvanikij S. Early versus
delayed initiation of progressive enteral feedings for
parenterally fed low birth weight or preterm infants.
Cochrane Database Syst Rev. 2000;(2):CD001970.
Kenyon S, Boulvain M, Neilson J. Antibiotics for preterm
premature rupture of membranes. Cochrane Database
Syst Rev. 2001;(4):CD001058.

Keszler M, Abubakar K. Volume guarantee of tidal volume
and incidence of hypocarbia. Pediatr Pulmonol. 2004;
38(3):240-5.

King J, Flenady V, Cole S, et al. Cyclo-oxygenase (COX)
inhibitors for treating preterm labor. Cochrane Database
Syst Rev. 2005;(2):CD001992.

King JF, Flenady VJ, Papatsonis DN, et al. Calcium chan-
nel blockers for inhibiting preterm labor. Cochrane Data-
base Syst Rev. 2003;(1):CD002255.

Kinsella JP, Cutter GR, Walsh WF, et al. Early inhaled
nitric oxide therapy in premature newborns with respi-
ratory failure. N Engl J Med. 2006;355(4):354—-64.
Kluckow M, Evans N. Relationship between blood pres-
sure and cardiac output in preterm infants requiring
mechanical ventilation. J Pediatr. 1996;129(4):506-12.
Knight DB. The treatment of patent ductus arteriosus in
preterm infants. A review and overview of randomized
trials. Semin Neonatol. 2001;6(1):63-73.

Lemyre B, Davis PG, De Paoli AG. Nasal intermittent pos-
itive pressure ventilation (NIPPV) versus nasal continuous
positive airway pressure (NCPAP) for apnea of prematu-
rity. Cochrane Database Syst Rev. 2000;(3):CD002272.
Liptsen E, Aghai ZH, Pyon KH, et al. Work of breathing
during nasal continuous positive airway pressure in pre-



Sweet et al., Management of neonatal respiratory distress syndrome 185

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[79]

(80]

[81]

term infants: a comparison of bubble versus variable-flow
devices. J Perinatol. 2005;25(7):453-8.

Lloyd J, Askie L, Smith J, et al. Supplemental oxygen for
the treatment of prethreshold retinopathy of prematurity.
Cochrane Database Syst Rev. 2003;(2):CD003482.
Lorenz JM. Fluid and electrolyte therapy and chronic lung
disease. Curr Opin Pediatr. 2004;16(2):152-6.

Lucas A, Bloom SR, Aynsley-Gren A. Gut hormones and
“minimal enteral feeding”. Acta Paediatr Scand. 1986;75:
719-23.

Lundstrom KE, Pryds O, Greisen G. Oxygen at birth and
prolonged cerebral vasoconstriction in preterm infants.
Arch Dis Child Fetal Neonatal Ed. 1995;73(2):F81-6.
Mayer-Mileur L, Chan G. Nutritional support of very-low-
birth-weight infants requiring prolonged assisted venti-
lation. Am J Dis Child. 1986;140:929-32.

McCall EM, Alderdice FA, Halliday HL, et al. Interventions
to prevent hypothermia at birth in preterm and/or low
birthweight babies. Cochrane Database Syst Rev. 2005;
(1):CD004210.

MccCallion N, Davis PG, Morley CJ. Volume-targeted ver-
sus pressure-limited ventilation in the neonate. Cochrane
Database Syst Rev. 2005;(3):CD003666.

McClure RJ, Newell SJ. Randomised controlled study of
clinical outcome following trophic feeding. Arch Dis Child
Fetal Neonatal Ed. 2000;82:F20-33.

Moya FR, Gadzinowski J, Bancalari E, et al. International
surfaxin collaborative study group. A multicenter, ran-
domized, masked, comparison trial of lucinactant, col-
fosceril palmitate, and beractant for the prevention of
respiratory distress syndrome among very preterm
infants. Pediatrics. 2005;115(4):1018-29.

Ng PC, Lee CH, Bnur FL, et al. A double-blind, random-
ized, controlled study of a “stress dose” of hydrocorti-
sone for rescue treatment of refractory hypotension in
preterm infants. Pediatrics. 2006;117(2):367-75.
Ohlsson A, Walia R, Shah S. Ibuprofen for the treatment
of patent ductus arteriosus in preterm and/or low birth
weight infants. Cochrane Database Syst Rev. 2005;(4):
CD003481.

Osborn DA, Evans N. Early volume expansion for pre-
vention of morbidity and mortality in very preterm infants.
Cochrane Database Syst Rev. 2004;(2):CD002055.
Pandit PB, Dunn MS, Kelly EN, et al. Surfactant replace-
ment in neonates with early chronic lung disease. Pedia-
trics. 1995;95(6):851-4.

Papatsonis D, Flenady V, Cole S, et al. Oxytocin receptor
antagonists for inhibiting preterm labor. Cochrane Data-
base Syst Rev. 2005;(3):CD004452.

Ramanathan R, Rasmussen MR, Gerstmann DR, et al.
North American Study Group. A randomized, multicenter
masked comparison trial of poractant alfa (Curosurf) ver-
sus beractant (Survanta) in the treatment of respiratory
distress syndrome in preterm infants. Am J Perinatol.
2004;21(3):109-19.

Rivera A Jr, Bell EF, Bier MA. Effect of intravenous amino
acids and protein metabolism of preterm infants during
the first three days of life. Pediatric Res. 1993;33:106-11.
Roberts D, Dalziel S. Antenatal corticosteroids for accel-
erating fetal lung maturation for women at risk of preterm
birth. Cochrane Database Syst Rev. 2006;(3):CD004454.
Sandri F, Ancora G, Lanzoni A, et al. Prophylactic nasal
continuous positive airways pressure in newborns of
28-31 weeks gestation: multicentre randomised con-

(82]

[83]

[84]

[85]

[86]

(87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

trolled clinical trial. Arch Dis Child Fetal Neonatal Ed.
2004;89(5):F394-8.

Saugstad OD, Rootwelt T, Aalen O. Resuscitation of
asphyxiated newborn infants with room air or oxygen: an
international controlled trial: the Resair 2 study. Pedia-
trics. 1998;102(1):e1.

Saugstad OD. Oxygen for newborns: how much is too
much? J Perinatol. 2005;25 Suppl 2:545-9.

Saugstad OD, Ramji S, Vento M. Resuscitation of
depressed newborn infants with air or pure oxygen: a
meta-analysis. Biol Neouate. 2005;87:27-34.

Schmidt B, Davis P, Moddemann D, et al. Trial of indo-
methacin prophylaxis in preterms investigators. Long-
term effects of indomethacin prophylaxis in extremely-
low-birth-weight infants. N Engl J Med. 2001;344(26):
1966-72.

Schmidt B, Roberts RS, Davis P, et al. Caffeine therapy
for apnea of prematurity. N Engl J Med. 2006;354(20):
2112-21.

Shaffer SG, Weismann DN. Fluid requirements in the pre-
term infant. Clin Perinatol. 1992;19(1):233-50.

Short BL, Van Meurs K, Evans JR, Cardiology Group.
Summary proceedings from the cardiology group on car-
diovascular instability in preterm infants. Pediatrics.
2006;117:S34-9.

Silverman WA, Ferting JW, Berger AP. The influence of
the thermal environment upon the survival of newly born
premature infants. Pediatrics. 1958;22:876-86.

Simmer K, Rao SC. Early introduction of lipids to paren-
terally-fed preterm infants. Cochrane Database Syst Rev.
2005;(2):CD005256.

Sinclair JC. Servo-control for maintaining abdominal skin
temperature at 36°C in low birth weight infants. Cochrane
Database Syst Rev. 2002;(1):CD001074.

Sinha SK, Lacaze-Masmonteil T, Valls i Soler A, et al.
Surfaxin therapy against respiratory distress syndrome
collaborative group: a multicenter, randomized, con-
trolled trial of lucinactant versus poractant alfa among
very premature infants at high risk for respiratory distress
syndrome. Pediatrics. 2005;115(4):1030-8.

Smaill F. Intrapartum antibiotics for group B streptococ-
cal colonisation. Cochrane Database Syst Rev. 2000;(2):
CDO000115.

So KW, Fok TF, Ng PC, et al. Randomised controlled trial
of colloid or crystalloid in hypotensive preterm infants.
Arch Dis Child Fetal Neonatal Ed. 1997;76(1):F43-6.
Soll RF. Multiple versus single dose natural surfactant
extract for severe neonatal respiratory distress syn-
drome. Cochrane Database Syst Rev. 2000;(2):
CD000141.

Soll RF. Prophylactic natural surfactant extract for pre-
venting morbidity and mortality in preterm infants.
Cochrane Database Syst Rev. 2000;(2):CD000511.

Soll RF. Synthetic surfactant for respiratory distress syn-
drome in preterm infants. Cochrane Database Syst Rev.
2000;(2):CD001149.

Soll RF, Blanco F. Natural surfactant extract versus syn-
thetic surfactant for neonatal respiratory distress syn-
drome. Cochrane Database Syst Rev. 2001;(2):
CD000144.

Soll RF, Morley CJ. Prophylactic versus selective use of
surfactant in preventing morbidity and mortality in pre-
term infants. Cochrane Database Syst Rev. 2001;(2):
CD000510.



186 Sweet et al., Management of neonatal respiratory distress syndrome

[100]

[101]

[102]

[103]

[104]

[105]

[106]

Speer CP, Robertson B, Curstedt T, et al. Randomized
European multicenter trial of surfactant replacement ther-
apy for severe neonatal respiratory distress syndrome:
single versus multiple doses of Curosurf. Pediatrics.
1992;89:13-20.

Speer CP, Gefeller O, Groneck P, et al. Randomized cli-
nical trial of two treatment regimens of natural surfactant
preparations in neonatal respiratory distress syndrome.
Arch Dis Child Fetal Neonatal Ed. 1995;72(1):F8-13.
Stevens TP, Blennow M, Soll RF. Early surfactant
administration with brief ventilation versus selective sur-
factant and continued mechanical ventilation for preterm
infants with or at risk for RDS. Cochrane Database Syst
Rev. 2002;(2):CD003063.

Subhedar NV, Shaw NJ. Dopamine versus dobutamine
for hypotensive preterm infants. Cochrane Database Syst
Rev. 2003;(3):CD001242.

Subramaniam P, Henderson-Smart DJ, Davis PG. Pro-
phylactic nasal continuous positive airways pressure for
preventing morbidity and mortality in very preterm
infants. Cochrane Database Syst Rev. 2005;2):
CD001243.

Supplemental Therapeutic Oxygen for Prethreshold Reti-
nopathy Of Prematurity (STOP-ROP), a randomized, con-
trolled trial. 1: primary outcomes. Pediatrics. 2000;
105(2):295-310.

Tan A, Schulze A, O’Donnell CP, et al. Air versus oxygen
for resuscitation of infants at birth. Cochrane Database
Syst Rev. 2005;(2):CD002273.

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

Tyson JE, Kennedy KA: Trophic feeding for parenterally
fed infants Cochrane Database Syst Rev. 2005;(3):
CD000504.

Valls-i-Soler A, Fernandez-Ruanova B, Lopez-Heredia y
Goya J, et al. A randomized comparison of surfactant
dosing via a dual-lumen endotracheal tube in respiratory
distress syndrome. The Spanish Surfactant Collaborative
Group. Pediatrics. 1998 Apr;101(4):E4.

Van Meurs KP, Wright LL, Ehrenkranz RA, et al. Inhaled
nitric oxide for premature infants with severe respiratory
failure. N Engl J Med. 2005;353(1):13-22.

Vento M, Asensi M, Sastre J, Lloret A, Garcia-Sala F, Vina
J. Oxidative stress in asphyxiated term infants resusci-
tated with 100% oxygen. J Pediatr. 2003;142(3):240-6.
Verder H, Albertsen P, Ebbesen F, et al. Nasal continuous
positive airway pressure and early surfactant therapy for
respiratory distress syndrome in newborns of <30
weeks’ gestation. Pediatrics. 1999;103(2):e24.

Verlato G, Cogo PE, Benetti E, Gomirato S, Gucciardi A,
Carnielli VP. Kinetics of surfactant in respiratory diseases
of the newborn infant. J Matern Fetal Neonatal Med.
2004;16 Suppl 2:21-4.

Whitelaw A, Thoresen M. Antenatal steroids and the
developing brain. Arch Dis Child Fetal Neonatal Ed.
2000;83(2):F154-7.

Woodgate PG, Davies MW: Permissive hypercapnia for
the prevention of morbidity and mortality in mechanically
ventilated newborn infants. Cochrane Database Syst
Rev. 2001;(2):CD002061.



