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ropean panel of expert neonatologists who had developed 

consensus guidelines after critical examination of the most 

up-to-date evidence in 2007. These updated guidelines are 

based upon published evidence up to the end of 2009. 

Strong evidence exists for the role of a single course of ante-

natal steroids in RDS prevention, but the potential benefit 

and long-term safety of repeated courses are unclear. Many 
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 Abstract 

 Despite recent advances in the perinatal management of 

neonatal respiratory distress syndrome (RDS), controversies 

still exist. We report the updated recommendations of a Eu-
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 These guidelines have been endorsed by the European Association 

of Perinatal Medicine. 

These updated guidelines contain new evidence from recent Cochrane reviews and the medical literature 
since 2007.  Many of the previous recommendations regarding early surfactant and CPAP are now more 
firmly evidence-based.  The section on delivery room stabilisation has been considerably expanded.  There 
are new recommendations on delaying umbilical cord clamping and a new section has been added on 
avoiding or reducing duration of mechanical ventilation, including recommendations on caffeine therapy, 
nasal ventilation, permissive hypercapnia and the role of newer ventilator modalities. A new ‘miscella-
neous’ section has also been added covering aspects of RDS management that arise infrequently.
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practices involved in preterm neonatal stabilisation at birth 

are not evidence-based, including oxygen administration 

and positive pressure lung inflation, and they may at times 

be harmful. Surfactant replacement therapy is crucial in the 

management of RDS, but the best preparation, optimal dose 

and timing of administration at different gestations is not 

always clear. Respiratory support in the form of mechanical 

ventilation may also be lifesaving, but can cause lung injury, 

and protocols should be directed at avoiding mechanical 

ventilation where possible by using nasal continuous posi-

tive airways pressure or nasal ventilation. For babies with 

RDS to have best outcomes, it is essential that they have op-

timal supportive care, including maintenance of a normal 

body temperature, proper fluid management, good nutri-

tional support, management of the ductus arteriosus and 

support of the circulation to maintain adequate tissue perfu-

sion.  Copyright © 2010 S. Karger AG, Basel 

 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 oc-
cur from progressive hypoxia and respiratory failure. In 
survivors, resolution begins between 2 and 4 days. RDS 
is due to a deficiency and immaturity of alveolar surfac-
tant along with structural immaturity of the lung and it 
is mainly, but not exclusively, confined to preterm babies. 
The incidence increases with decreasing gestation, with 
EuroNeoStat figures for 2006 showing an incidence of 
91% at 23–25 weeks’, 88% at 26–27 weeks’, 74% at 28–29 

weeks’, and 52% at 30–31 weeks’ gestation  [1] . Clinically 
RDS presents with early respiratory distress comprising 
cyanosis, grunting, retractions, and tachypnoea. Respira-
tory failure may develop and is indicated by blood gas 
analysis. The diagnosis can be confirmed on chest x-ray 
with a classical ‘ground glass’ appearance and air bron-
chograms. The Vermont Oxford Neonatal Network defi-
nition requires that babies have a PaO 2   ! 50 mm Hg ( ! 6.6 
kPa) in room air, central cyanosis in room air or need for 
supplemental oxygen to maintain PaO 2   1 50 mm Hg 
( 1 6.6 kPa) as well as the classical chest x-ray appearances. 
However, it is important to note that with modern early 
management the classical definition of RDS may not be 
attained.

  The aim of management of RDS is to provide interven-
tions that will maximise the number of survivors whilst 
minimising potential adverse effects. Over the past 40 
years many strategies and therapies for prevention and 
treatment of RDS have been developed and tested in clin-
ical trials; many of these have now been subjected to sys-
tematic reviews. This document updates the previous 
guidelines published in 2007  [2]  after critical examina-
tion of the most up-to-date evidence available in late 
2009. The levels of evidence and grades of recommenda-
tion used are shown in  table 1 .

  Prenatal Care 

 Interventions to prevent RDS should begin before 
birth and involve both paediatricians and obstetricians as 
part of the perinatal team. There is often prior warning 
of impending preterm delivery, allowing time for inter-
ventions to be considered including in utero (maternal) 

Table 1. G rades of recommendation and levels of evidence

Grade of 
recommendation

Level of evidence

A At least one high-quality meta-analysis of randomised controlled trials (RCTs) or a
sufficiently 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

C 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

M odified from SIGN guidelines developer’s handbook www.sign.ac.uk/guidelines/fulltext/50/.
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transfer where appropriate. Surfactant secretion gener-
ally increases during labour, therefore elective caesarean 
section of low-risk fetuses before 39 weeks’ gestation 
should not be performed, as some of them may develop 
RDS or other respiratory disorders  [3] . Preterm babies at 
risk of RDS should be born in centres where appropriate 
skills are available for stabilisation and ongoing respira-
tory support, including intubation and mechanical ven-
tilation (MV). For babies  ! 27 weeks’ gestation, the odds 
of dying within the first year of life are halved if they are 
born in a hospital that has a level III neonatal intensive 
care unit (NICU) able to provide such tertiary care  [4, 5] . 
Preterm delivery can be delayed by using antibiotics in 
the case of preterm, pre-labour rupture of the membranes 
 [6] , and tocolytic drugs can be used in the short term to 
delay birth  [7–10]  to allow safe transfer to a perinatal cen-
tre and to enable antenatal steroids to take effect. Antibi-
otic choice in the case of ruptured membranes is not clear. 
Co-amoxiclav (amoxicillin and clavulanic acid) appears 
to be associated with an increased risk of neonatal necro-
tising enterocolitis and the Cochrane Review authors 
suggested erythromycin as a better choice  [6] . A recent 
7-year follow-up study of babies from the ORACLE trial 
confirmed that with preterm ruptured membranes there 
are no differences in long-term adverse outcomes be-
tween erythromycin and co-amoxiclav  [11] , although use 
of erythromycin in the setting of preterm labour with in-
tact membranes was associated with an increased risk of 
later functional impairment and cerebral palsy  [12] .

  Antenatal steroids are given to mothers to reduce the 
risk of neonatal death [relative risk (RR) 0.55; 95% confi-
dence interval (CI) 0.43–0.72; number needed to treat 
(NNT) 9] and the use of a single course of antenatal ste-
roids does not appear to be associated with any significant 
maternal or fetal adverse effects  [13] . Antenatal steroids 
decrease the risk of RDS (RR 0.66; 95% CI 0.59–0.73; NNT 
11). This effect is limited to those preterm infants whose 
mothers received the first dose of steroid 1–7 days before 
birth (RR 0.46; 95% CI 0.35–0.60; NNT 7)  [13] . Antenatal 
steroids additionally decrease the risk of intraventricular 
haemorrhage and necrotising enterocolitis  [13] . Beta-
methasone and dexamethasone have both been used to 
enhance fetal lung maturity. Observational cohort studies 
previously suggested increased rates of cystic periventric-
ular leucomalacia in babies of mothers treated with dexa-
methasone  [14, 15] . However, a recent Cochrane Review 
suggests less intraventricular haemorrhage with dexa-
methasone  [16] , so at present no firm recommendations 
can be made regarding choice of steroid. Antenatal steroid 
therapy is recommended in all pregnancies with threat-

ened preterm labour before 35 weeks’ gestation. In high-
risk pregnancies with planned elective deliveries between 
35 and 38 weeks and with documented fetal lung imma-
turity (amniotic fluid analysis of lecithin-sphingomyelin 
ratio, phosphatidylglycerol or lamellar bodies), a course of 
antenatal steroids may also be indicated, although ran-
domised controlled trials have failed to demonstrate sig-
nificant benefit in late pregnancy  [13] . Although a statisti-
cally significant reduction in rates of RDS in babies  ! 28 
weeks’ gestation has not been demonstrated in clinical tri-
als of antenatal steroids, this is probably because of inad-
equate numbers of very immature babies included in the 
original studies  [13] . Improved neurological outcome has 
been demonstrated for even the most immature babies 
 [13, 17] . The optimal treatment to delivery interval is
 1 24 h and  ! 7 days after the start of steroid treatment  [13] .

  There is continuing uncertainty over the use of repeat-
ed courses of antenatal steroids. Although repeated 
courses given 7 days after the previous course decreased 
the risk of RDS in preterm pregnancies  [18] , babies ex-
posed to repeat steroid courses weigh less and have small-
er head circumferences at birth  [18, 19] . Long-term fol-
low-up data are just emerging  [20, 21]  with some studies 
highlighting concerns about increased rates of cerebral 
palsy. Recently, antenatal steroid exposure has also been 
associated with an increase in insulin resistance in later 
life  [22] . The most recent Cochrane Review concludes 
that further research is needed before repeat courses of 
antenatal steroids can be routinely recommended  [18] . 
Since this update, another large randomised trial has 
been published showing early benefits of a rescue course 
of betamethasone when birth has not occurred after the 
first course  [23] . Multiple pregnancy may be a situation 
in which a repeat course may offer added benefit  [24, 25] .

   Recommendations 
   (1) Mothers at high risk of preterm birth should be transferred 

to perinatal centres with experience in management of RDS 
(C). 

 (2) Clinicians should offer a single course of antenatal steroids 
to all women at risk of preterm delivery from about 23 
weeks up to 35 completed weeks’ gestation (A). 

 (3) Antibiotics should be given to mothers with preterm pre-
labour rupture of the membranes as this reduces the risk of 
preterm delivery (A). 

 (4) Clinicians should consider short-term use of tocolytic 
drugs to allow completion of a course of antenatal steroids 
and/or in utero transfer to a perinatal centre (A). 

 (5) A second course of antenatal steroids should be considered 
if the risk from RDS  is felt to outweigh the uncertainty about 
possible long-term adverse effects (D). One example where 
benefit might outweigh the risk is multiple pregnancy (C).
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    Delivery Room Stabilisation 

 Babies with surfactant deficiency have difficulty 
achieving adequate functional residual capacity and 
maintaining alveolar aeration. Traditionally many pre-
term babies have the umbilical cord cut immediately to 
facilitate rapid transfer to a warmer environment where 
they are resuscitated with bag and mask ventilation, often 
using 100% oxygen with the aim of achieving visible chest 
lift and a ‘pink’ baby  [26] . Many of these routine prac-
tices have recently been challenged  [27] .

  The practice of rapid cord clamping has been ques-
tioned. About half of the blood volume of preterm babies 
is contained in the placenta, and delaying cord clamping 
for 30–45 s can result in an 8–24% increase in blood vol-
ume, particularly after vaginal birth  [28] . Meta-analysis 
of seven trials of delayed cord clamping showed that this 
practice, with or without simultaneous maternal oxyto-
cin administration, results in higher haematocrit, less 
need for later transfusion and a reduction in intraven-
tricular haemorrhage  [29, 30] .

  At present the optimal oxygen saturation (SaO 2 ) dur-
ing stabilisation of preterm infants is not known, but 
there is now evidence that resuscitation with 100% oxy-
gen compared with ambient air is associated with in-
creased mortality in term and near-term newborn babies 
 [31] . Pure oxygen may also be harmful to preterm in-
fants, with a 20% decrease in cerebral blood flow ob-
served at 2 h of age and worse alveolar/arterial oxygen 
gradients in babies resuscitated with oxygen compared 
to air  [32] . Biochemical evidence of oxygen toxicity per-
sists for days even after very short periods of oxygen sup-
plementation at birth  [33] . For babies  ! 32 weeks only 
four small studies have been published  [33–36]  and of 
these only three were randomised trials. Room air will 
often not be sufficient for stabilisation of preterm babies 
 [34] , however, with the use of pulse oximetry as a guide, 
babies  ! 32 weeks’ gestation can in most cases be stabi-
lised starting with about 30% inspired oxygen concen-
tration  [36] . Routine use of 100% oxygen is no longer ap-
propriate and oxygen-air blenders should be available in 
delivery suites to allow titration of oxygen delivery ac-
cording to the condition of the baby. Normative data for 
oxygen saturations measured by pulse oximetry during 
transition after birth are now available and clinicians 
should not intervene immediately during this phase pro-
vided there is an adequate heart rate. During the transi-
tional phase after birth, saturations should rise gradu-
ally from about 60 to 80% over 5 min, reaching 85% and 
above by about 10 min after birth  [37–39] . Oximetry may 

identify babies outside this range and help guide inspired 
oxygen delivery.

  It is also now clear that uncontrolled tidal volumes at 
birth, either too large or too small, may be detrimental
to the immature lung  [40, 41] . Routine use of positive 
pressure breaths (bagging) is probably inappropriate for 
spontaneously breathing preterm babies. Delivery room 
provision of a means of lung inflation has changed over 
recent years. Traditional reliance on self-inflating bags, 
or flow-inflating ‘anaesthetic’ bags has now largely been 
superseded by the use of T-piece devices. These enable a 
controlled delivery of a set background continuous posi-
tive airways pressure (CPAP) with a measured peak in-
spiratory pressure (PIP) during occlusion of the T-piece. 
Self-inflating bags do not require a pressurised gas sup-
ply to deliver air flow, but cannot deliver CPAP and the 
PIP cannot be controlled beyond the use of the safety 
valve which is usually set at about 40 cm H 2 O. Flow-in-
flating bags cannot deliver accurate CPAP and even in 
experienced hands produce variable gas volumes during 
lung inflation  [42] . Provision of controlled early CPAP is 
now the main means of providing safe stabilisation of 
preterm babies immediately after birth and devices that 
can provide this, such as the Neopuff �  infant resuscita-
tion device, are recommended. Delivery room CPAP re-
duces the need for mechanical ventilation (MV) and sur-
factant treatment, although not using surfactant may in-
crease the risk of pneumothorax  [43] . A single sustained 
inflation breath prior to initiation of CPAP is better than 
repetitive manual inflations in terms of reducing need 
for early ventilation and subsequent lung injury  [44] . 
Only a minority of babies should require delivery room 
intubation. These will include babies in whom it has been 
decided in advance to administer prophylactic surfac-
tant (see later), and those who do not respond to CPAP 
and gentle controlled inflation breaths via a T-piece de-
vice. If intubation is required, the correct placement of 
the endotracheal tube can be quickly verified using a col-
orimetric CO 2  detection device before administering 
surfactant and starting MV.

  During stabilisation all efforts should be made to re-
duce heat loss to prevent hypothermia since this improves 
survival  [45] . Use of a polyethylene bag or wrap under a 
radiant warmer will reduce hypothermia during care in 
the delivery room and transfer to the NICU in infants 
 ! 28 weeks’ gestation, but it is not yet certain if it leads to 
improved outcome  [46] .
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   Recommendations 
   (1) If possible, delay clamping of the umbilical cord for at least 

30–45 s with the baby held below the mother to promote 
placento-fetal transfusion (A). 

 (2) Oxygen for resuscitation should be controlled by using an 
air-oxygen blender. The lowest concentration of oxygen 
possible should be used during stabilisation, provided there 
is an adequate heart rate response. A concentration of 30% 
oxygen is appropriate to start stabilisation and adjustments 
up or down should be guided by applying pulse oximetry 
from birth to give information on heart rate (B). Normal 
saturations during transition immediately after birth in 
very preterm infants may be between 40 and 60%, reaching 
between 50 and 80% at 5 min of age and should be  1 85% by 
10 min of age. Exposure to hyperoxia should be avoided 
during stabilisation (B). 

 (3) In spontaneously breathing babies start stabilisation with 
CPAP of at least 5–6 cm H 2 O via mask or nasal prongs (B). 
If breathing is insufficient, consider the use of a sustained 
inflation breath to recruit the lung rather than intermittent 
positive pressure breaths (B). 

 (4) Ventilation with a T-piece device is preferable to a self-in-
flating, or flow-inflating bag in order to generate appropri-
ate positive end-expiratory pressure (PEEP) (C). 

 (5) If positive pressure ventilation is needed for stabilisation, 
aim to avoid excessive tidal volumes by incorporating re-
suscitation devices which measure or limit the PIP whilst 
at the same time maintaining PEEP during expiration (D). 

 (6) Intubation should be reserved for babies who have not re-
sponded to positive pressure ventilation or those requiring 
surfactant therapy (D). 

 (7) If the baby is intubated, correct positioning of the endotra-
cheal tube should be verified by colorimetric CO 2  detection 
(D). 

 (8) Plastic bags or occlusive wrapping under radiant warmers 
should be used during stabilisation in the delivery suite for 
babies  ! 28 weeks’ gestation to reduce the risk of hypother-
mia (A). 

  Surfactant Therapy 

 Surfactant therapy has revolutionised neonatal respi-
ratory care over the past two decades. Most aspects of its 
use have been tested in multicentre randomised con-
trolled trials, many of which have been subjected to sys-
tematic reviews. It is clear that surfactant therapy, wheth-
er given prophylactically  [47]  or as rescue therapy  [48]  to 
babies with or at risk of developing RDS, reduces the risk 
of pneumothorax (pulmonary air leak) and neonatal 
death. The trials have focused on determining the opti-
mal dose, the timing of dosing, the best method of ad-
ministration and the best surfactant preparation, al-
though many of the studies were conducted in an era of 
low antenatal steroid and CPAP use.

  Surfactant Dosing and Redosing 
 An experienced neonatal resuscitation/stabilisation 

team is essential for surfactant administration. At least 
100 mg/kg of phospholipid is required  [49]  but there are 
pharmacokinetic and clinical data suggesting that 200 
mg/kg has a longer half-life  [50]  and better acute re-
sponse  [51] . Most clinical trials have used bolus instilla-
tion and this appears to result in better distribution of 
surfactant. Surfactant prophylaxis in babies of  ! 31 
weeks’ gestation reduces mortality (RR 0.61; 95% CI 
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 intu-
bated and receiving surfactant unnecessarily  [52] . 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 has 
been confirmed radiologically. In babies who require 
surfactant, MV can also be avoided by using the ‘IN-
SURE’ (INtubate – SURfactant – Extubate to CPAP) 
technique and this method has been shown in ran-
domised trials to reduce the need for MV and subse-
quent BPD  [53, 54] . Surfactant therapy clearly works 
better the earlier in the course of RDS it is given. The 
earlier that the decision is made to give surfactant, the 
greater the chance of avoiding ventilation, although 
more surfactant will be used  [53–55] .

  Following surfactant administration there may, after 
a variable period of time, be a need for a further dose of 
surfactant. In randomised trials it would appear that two 
doses are better than a single dose  [56]  and a study with 
poractant alfa showed that up to 3 doses compared to a 
single dose reduced mortality (13 vs. 21%) and pulmo-
nary air leaks (9 vs. 18%)  [57] . Previously, rigid dosing 
protocols were used but it is more practicable to use a 
flexible dosing schedule basing the time of repeat doses 
on the baby’s clinical condition and oxygen requirements 
and there are pharmacokinetic data to support this ap-
proach  [58] . Surfactant therapy beyond the first few days 
of life has only been studied in a small number of subjects 
and results in acute responses only with no evidence of 
any difference in long-term outcome  [59] .

  Surfactant Preparations 
 There are several different types of surfactant prepara-

tion licensed for use in neonates with RDS including syn-
thetic (protein-free) and natural (derived from animal 
lungs) surfactants ( table 2 ). Natural surfactants are better 
than synthetic preparations at reducing pulmonary air 
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 (5) 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 MV (A).  

 Oxygen Supplementation beyond Stabilisation 

 There is currently no firm evidence to guide optimal 
oxygen saturation targeting during the acute manage-
ment of RDS. Beyond the initial stabilisation period, data 
suggest that oxygen saturation targets in preterm babies 
receiving supplemental oxygen should be maintained be-
tween 85 and 93% and not exceed 95% in order to reduce 
the risks of retinopathy of prematurity (ROP) and BPD 
 [66–71] . Large studies to determine the potential benefi-
cial effects of reduction of progression of ROP by target-
ing higher saturations failed to show any improved oph-
thalmological outcome, however, the babies in higher ox-
ygen had more respiratory symptoms and an increased 
incidence of chronic oxygen dependency  [72, 73] . 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 better than later in 
life. However, there are at present no data to show what 
lower limit of oxygen saturation targeting is safe. There 
are data to suggest that fluctuations in oxygen saturation 
can be harmful as they are associated with an increased 
incidence of ROP  [74, 75] . Optimal saturation targets will 
hopefully be determined following completion of current 
large randomised trials in USA, Canada, Australia, New 
Zealand and the UK.

leaks (RR 0.63; 95% CI 0.53–0.75; NNT 25) and mortal-
ity (RR 0.86; 95% CI 0.76–0.98; NNT 50)  [60] . Natural 
surfactants are therefore the treatment of choice and are 
the only surfactants available in Europe. Trials compar-
ing the natural bovine surfactants calfactant and ber-
actant showed no difference in outcome when given
prophylactically or as rescue therapy  [61, 62] . Trials com-
paring the porcine-derived poractant alfa and the bo-
vine-derived beractant as rescue therapy individually 
show more rapid improvements in oxygenation with the 
former  [51, 63]  and a reduced mortality in one trial  [51] . 
A meta-analysis demonstrated an overall survival advan-
tage when a 200-mg/kg dose of poractant alfa is com-
pared with 100 mg/kg of beractant or 100 mg/kg porac-
tant alfa to treat established RDS (RR 0.29; 95% CI 0.10–
0.79; NNT 14)  [64] . New generation synthetic surfactants 
are being developed but to date have not been licensed to 
treat RDS in the newborn  [65] . 

   Recommendations 
   (1) Babies with or at high risk of RDS should be given a natural 

surfactant preparation (A). 
 (2) Prophylaxis (within 15 min of birth) should be given to al-

most all babies of  ! 26 weeks’ gestation. Prophylaxis should 
also be given to all preterm babies with RDS who require 
intubation for stabilisation (A). 

 (3) Early rescue surfactant should be administered to previ-
ously untreated babies if there is evidence of RDS (A). In-
dividual units need to develop protocols for when to inter-
vene as RDS progresses depending on gestational age and 
prior treatment with antenatal steroids (D). Poractant alfa 
in an initial dose of 200 mg/kg is better than 100 mg/kg of 
poractant alfa or beractant for treatment of moderate to 
severe RDS (B). 

 (4) Consider immediate (or early) extubation to non-invasive 
respiratory support (CPAP or nasal intermittent positive 
pressure ventilation (NIPPV)) following surfactant admin-
istration provided the baby is otherwise stable (B). 

Table 2. S urfactant preparations 2010

Generic name Trade name Source Manufacturer Dose (volume)

Bovactant Alveofact� Bovine Lyomark (Germany) 50 mg/kg/dose (1.2 ml/kg)
BLES1 BLES� Bovine BLES Biochemicals (Canada) 135 mg/kg/dose (5 ml/kg)
Poractant alfa Curosurf� Porcine Chiesi Farmaceutici (Italy) 100–200 mg/kg/dose (1.25–2.5 ml/kg)
Colfosceril palmitate1 Exosurf� Synthetic GlaxoSmithKline (USA) 64 mg/kg/dose (5 ml/kg) 
Calfactant Infasurf� Bovine ONY Inc. (USA) 105 mg/kg/dose (3 ml/kg)
Surfactant-TA1 Surfacten� Bovine Tokyo Tanabe (Japan) 100 mg/kg/dose (3.3 ml/kg)
Lucinactant Surfaxin� Synthetic Discovery Labs (USA) Not licensed 
Beractant Survanta� Bovine Ross Labs (USA) 100 mg/kg/dose (4 ml/kg)

1  Not available in Europe.
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   Recommendations 
     (1) In babies receiving oxygen, saturation should be maintained be-

tween 85 and 93% (D). 
 (2) After giving surfactant avoid a hyperoxic peak by rapid reduction 

in FiO 2  (C). 
 (3) Avoid fluctuations in SaO 2  in the postnatal period (D). 

  Role of CPAP in Management of RDS 

 Nasal CPAP is now used as a substitute for MV to 
provide respiratory support for many babies with RDS,  
and some can be managed on CPAP without receiv-
ing surfactant treatment  [76] . The earlier CPAP is ap-
plied, the greater the chance of avoiding MV (RR 0.55; 
95% CI 0.32–0.96; NNT 6)  [77] . When applied from 
birth, CPAP reduces the need for surfactant therapy and 
MV  [43] , and can potentially reduce the need for ter-
tiary transfer of babies with mild RDS  [78] . However, by 
not using surfactant the baby is exposed to a greater risk 
of developing a pneumothorax  [43, 78] . CPAP reduces 
the need for reintubation if applied following extuba-
tion from MV and at least 5 cm H 2 O pressure appears 
to be needed to achieve this  [79] . There is no evidence to 
date of any differences in long-term outcomes among 
the various devices used to provide nasal CPAP  [80, 81] , 
but studies have shown that short binasal prongs are a 
better interface than a single prong reducing the need 
for reintubation (RR 0.59; 95% CI 0.41–0.85; NNT 5) 
 [82] .

   Recommendations 
   (1) CPAP should be started from birth in all babies at risk of 

RDS, such as those  ! 30 weeks’ gestation who do not need 
MV, until their clinical status can be assessed (D). 

 (2) Short binasal prongs should be used rather than a single 
prong as they reduce the need for intubation and a pressure 
of at least 5 cm H 2 O should be applied (A). 

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

 Mechanical Ventilation Strategies 

 The aim of MV is to provide acceptable blood gases 
with minimum risk of lung injury, haemodynamic im-
pairment and other adverse events such as hypocapnia 
which is associated with neurological impairment. Be-
fore surfactant became available, MV was shown to re-
duce death from RDS  [83] . MV can be provided by con-
ventional modes, such as intermittent positive pressure 

ventilation (IPPV) or high-frequency oscillatory ventila-
tion (HFOV)  [84] . The principle of MV is to stabilise the 
lung after recruitment to optimal lung volume with ad-
equate PEEP or continuing distending pressure (CDP) 
on HFOV to keep the lung open during the whole respi-
ratory cycle. Technique is more important than mode of 
ventilation and the method that is most successful in an 
individual unit should be employed  [85] . HFOV may be 
useful as a rescue therapy in babies with severe respi-
ratory failure on IPPV  [86] . Rescue HFOV reduces
new pulmonary air leaks (RR 0.73; 95% CI 0.55–0.96; 
NNT 6) but there are concerns about increased risks of 
intraventricular haemorrhage [RR 1.77; 95% CI 1.06–
2.96; number needed to harm 6] in preterm babies if a 
lung volume recruitment procedure is not used  [86] . All 
modes of MV can induce lung injury. 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. Overdistension should be con-
sidered if a baby is deteriorating on MV following sur-
factant administration or anytime when an increase of 
mean airway pressure is followed by increasing oxygen 
need. To find the optimum PEEP on conventional venti-
lation, each significant incremental change of PEEP 
should be evaluated by examining responses in FiO 2 , 
CO 2  level and observing pulmonary mechanics. The op-
timum CDP on HFOV is about 1–2 cm H 2 O above the 
closing pressure identified by deterioration of oxygen-
ation during stepwise reductions in airway pressure dur-
ing a lung volume recruitment procedure  [87] . Hypocap-
nia should be avoided as this is associated with increased 
risks of BPD and periventricular leucomalacia  [88, 89] . 
The required tidal volume increases with advancing 
postnatal age especially in extremely low birth weight 
infants  [90] . When satisfactory gas exchange is achieved 
and spontaneous respiratory drive is present weaning 
should be started immediately by first decreasing PIP 
(likely to be the most injurious to the lung).

   Recommendations 
   (1) MV should be used to support babies with respiratory fail-

ure as this improves survival (A). 
 (2) Avoid hypocapnia as this is associated with increased risks 

of BPD and periventricular leucomalacia (B). 
 (3) Settings of MV should be adjusted frequently with the aim 

of maintaining optimum lung volume (C). 
 (4) Duration of MV should be minimised to reduce its injuri-

ous effect on lung (B).  
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 Avoiding or Reducing Duration of Mechanical 

Ventilation 

 There are now clear links between MV through an
endotracheal tube and subsequent development of BPD 
and neurodevelopmental sequelae  [91] . Interventions de-
signed to avoid or shorten MV include caffeine therapy, 
CPAP or nasal intermittent positive pressure ventilation 
(NIPPV) with or without surfactant, INSURE, permis-
sive hypercapnia, and aggressive weaning with early ex-
tubation.

  Caffeine Therapy 
 Methylxanthines have been used for a long time to 

treat apnoea of prematurity and to facilitate successful ex-
tubation from MV. Until recently only the short-term 
benefits were known. The Caffeine for Apnea of Prematu-
rity (CAP) study addressed the issue of long-term effects 
of neonatal caffeine therapy  [92] . In one of the largest ever 
perinatal trials, 2,006 preterm babies weighing  ! 1,250 g 
were randomised to caffeine or placebo in the first 10 days 
of life, continuing until the clinician determined that 
therapy for apnoea would no longer be needed. The babies 
assigned to caffeine came off ventilation a week earlier 
than those assigned placebo, with a corresponding sig-
nificant reduction in BPD (36 vs. 47%)  [92] . There was a 
transient reduction in weight gain during therapy, how-
ever, follow-up at 18 months confirmed improved out-
comes for caffeine-treated babies, with reduced combined 
outcome of death or neurodisability [odds ratio (OR) 0.77; 
95% CI 0.64–0.93], reduced rates of cerebral palsy (OR 
0.58; 95% CI 0.39–0.87) and cognitive delay (OR 0.81; 95% 
CI 0.66–0.99)  [93] . Subgroup analysis from the CAP co-
hort suggests that babies who are on MV and have caffeine 
started earliest appear to derive the most benefit  [94] . Caf-
feine should be part of routine care for very preterm babies 
with RDS to facilitate extubation  [95] .

  Nasal Intermittent Positive Pressure Ventilation 
 NIPPV is another promising new therapy that helps to 

keep preterm babies off MV. There are now several trials 
showing reduced requirement for reintubation in the days 
following extubation when NIPPV is compared to CPAP 
 [96] . NIPPV can be used as the primary mode of provid-
ing respiratory support with some evidence of improved 
respiratory outcome  [97] . There is considerable heteroge-
neity in the methods employed to deliver NIPPV and to 
date no study has been sufficiently powered to show re-
duction in BPD. This will hopefully be addressed by the 
Canadian NIPPV trial which is currently underway.

  Permissive Hypercapnia 
 Tolerating higher PaCO 2  levels during weaning has 

also been tried to facilitate earlier extubation. Although 
there are limited data from clinical trials to support this 
approach  [98, 99] , clinicians are tolerating moderate hy-
percapnia and respiratory acidosis in an effort to reduce 
duration of MV. A recently published observational study 
from Canada showed that implementation of a ventila-
tion weaning protocol resulted in earlier first extubation 
and overall reduction in duration of MV  [100] . This pro-
tocol suggested tolerating pH down to 7.22 over the first 
5 days and down to 7.20 thereafter to enable babies to be 
weaned from respiratory support.

  Aggressive Weaning and New Modes of Conventional 
Ventilation 
 Once stabilised on MV, babies with RDS should be ag-

gressively weaned towards extubation provided it is clin-
ically safe and they have acceptable blood gases  [101] . Ex-
tubation may be successful from a mean airway pressure 
of 6–7 cm H 2 O on conventional modes and from 8–9
cm H 2 O of CDP on HFOV, even in the most immature 
babies. Keeping stable very preterm babies on low rate 
MV for longer periods does not improve the chance of 
successful extubation  [102] . Extubation to nasal CPAP re-
duces the risk of re-intubation (RR 0.62; 95% CI 0.49–
0.77; NNT 6)  [79] . Patient-triggered, or synchronised 
ventilation can shorten the duration of MV during the 
weaning process in very immature babies, but there is no 
evidence of any long-term benefit in terms of survival or 
reduction in BPD  [103] . Targeted tidal volume ventilation 
may be useful in avoiding injurious overdistension and 
reducing hypocapnia, and a meta-analysis of small trials 
of this intervention shows shorter duration of ventilation, 
reduced rate of pneumothorax and a trend towards re-
duced BPD  [104] .

   Recommendations 
   (1) Caffeine should be used in babies with apnoea and to fa-

cilitate weaning from MV (A). Caffeine should be consid-
ered for all babies at high risk of needing ventilation, such 
as those  ! 1,250 g birth weight, who are managed on CPAP 
or NIPPV (B). 

 (2) CPAP or NIPPV should be used preferentially to avoid or 
reduce the duration of MV through an endotracheal tube 
(B). 

   (3) When weaning from MV it is reasonable to tolerate a mod-
erate degree of hypercapnia, provided the pH remains 
above 7.22 (D). 

   (4) Synchronised and targeted tidal volume modes of conven-
tional ventilation with an aggressive weaning approach 
should be used to shorten duration of MV (B). 



 Sweet   /Carnielli   /Greisen   /Hallman   /Ozek   /
Plavka   /Saugstad   /Simeoni   /Speer   /Halliday   
 

Neonatology 2010;97:402–417 410

  Prophylactic Treatment for Sepsis 

 Congenital pneumonia may mimic RDS and the com-
monest organism is group B Streptococcus (GBS), al-
though  Escherichia coli  and other organisms may also be 
responsible. For this reason it is considered good practice 
to screen all babies with RDS by performing blood cul-
tures as well as looking for other evidence of sepsis such 
as neutropenia or an elevated C-reactive protein and ini-
tiating antibiotic therapy whilst awaiting results. In wom-
en who are known to be colonised with GBS the risk of 
early onset sepsis can be reduced by administration of 
intrapartum antibiotic prophylaxis (RR 0.17; 95% CI 
0.04–0.74; NNT 25), although no effect on mortality has 
yet been demonstrated  [105] .

  Fungal sepsis is an emerging problem in very preterm 
infants and it is associated with a higher mortality and 
poorer neurodevelopmental outcome than bacterial 
sepsis alone  [106] . Signs of fungal infection are often 
subtle, and diagnosis is often delayed so many centres 
are developing protocols for antifungal prophylaxis. 
The reported incidence of invasive fungal infection var-
ies widely, but can be as high as 13% of very low birth 
weight infants in a study from Italy  [107] , contrasting 
with just 2% of these babies from a population-based 
survey in the UK  [108] . Prophylactic fluconazole and 
nystatin can reduce invasive fungal infection rates, how-
ever, no study has been sufficiently powered to look at 
long-term outcomes and there are concerns about wide-
spread antifungal use leading to the emergence of resis-
tance  [109] . There are additional risk factors for fungal 
infection which have been used as selection criteria in 
some centres to define a high-risk group for prophylax-
is and they too report favourable outcomes  [110] . One 
suggested regimen is fluconazole 3 mg/kg body weight 
twice weekly for 6 weeks  [111] .

   Recommendations 
   (1) Antibiotics should be started in babies with RDS until sep-

sis has been ruled out. A common regimen includes peni-
cillin/ampicillin in combination with an aminoglycoside, 
however, individual units should develop local protocols 
for antibiotic use based on the profile of bacterial pathogens 
causing early onset sepsis (D). 

 (2) Units should develop protocols for antifungal prophylaxis 
in very preterm babies based on the local incidence and risk 
factors (D).  

 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 circula-
tion to maintain adequate blood pressure and tissue per-
fusion.

  Temperature Control 
 Traditional methods used to maintain body tempera-

ture in term newborns are ineffective in immature ba-
bies, so use of additional warming techniques are recom-
mended. Radiant warmers can be used for accessibility in 
the NICU, however in comparison with incubators, in-
creased insensible water losses occur even if a heat shield 
is used and the duration of their use should be kept to a 
minimum  [112] . In preterm babies in incubators the use 
of a servo-controlled skin temperature at 36 ° C decreases 
neonatal mortality  [113] .

   Recommendation 
   (1) Body temperature should be maintained at 36.5–

37.5 ° C at all times (C).  

 Fluid and Nutritional Management 
 The limited randomised trials available do not support 

the proposal that fixed fluid and electrolyte therapies in-
fluence outcome in RDS. However, in clinical practice a 
fixed early fluid intake regimen is usually supplemented 
with individualised management, considering the state of 
hydration, any recent weight change and electrolytes. 
Maximum weight loss does not correlate with severity of 
RDS or other morbidities in infants with birth weight of 
 ! 1,000 g  [114] . Modest restriction of fluid intake increas-
es early weight loss but has a positive effect in terms of 
reducing persistent ductus arteriosus (PDA) and necrotis-
ing enterocolitis  [115] . There is no evidence to support the 
use of diuretics in RDS  [116] . Preterm babies should be 
nursed in incubators with high (dependent on gestational 
age and postnatal age) relative humidity (40–60%) to re-
duce insensible water loss. A postnatal weight loss of up to 
15% during the first 5 days (2–4% per day) of life is nor-
mal. Birth weight should be regained at around 12 days.

  Early nutrition is an important part of the overall care 
plan for babies with RDS. Initially, enteral feeding vol-
umes will be limited, so nutrients should be given as par-
enteral nutrition to provide enough energy and amino ac-
ids to prevent a negative balance and to promote early 
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aim to maintain the mean arterial pressure above the ges-
tational age in weeks. In the preterm newborn, blood pres-
sure and systemic blood flow are not positively correlated 
especially during the transitional circulation in the first 3 
days of life  [135] . Poor tissue perfusion can be determined 
by clinical signs such as heart rate, capillary refill time and 
colour, although these are not always reliable. Other mea-
sures such as inadequate urine output and presence of sig-
nificant metabolic acidosis are more valid, but these signs 
are often delayed. Bedside echocardiography and near in-
fra red spectroscopy (NIRS) are now being used in some 
centres to determine mechanisms of low systemic blood 
flow and to evaluate poor cerebral tissue oxygenation 
more accurately  [136] . Low systemic blood flow and hy-
potension during RDS may be related to hypovolaemia, 
large left-to-right ductus or atrial shunts, or to myocar-
dial dysfunction. Knowing the cause can indicate the 
most appropriate choice of treatment. Volume expansion 
with 10–20 ml/kg normal saline, rather than colloid, can 
be considered as first-line treatment when hypovolaemia 
is confirmed or if the cause is not clearly established  [137, 
138] . Inhibitors of cyclooxygenase should be considered 
when there is poor perfusion and a large left-to-right 
shunt through the ductus is present. Dopamine is more 
effective than dobutamine to treat hypotension in pre-
term infants in terms of short-term outcome  [139] , al-
though dobutamine may be a more rational choice in the 
setting of myocardial dysfunction and low systemic blood 
flow. Hydrocortisone may also be used for treatment of 
hypotension after conventional treatment has failed  [140, 
141] . More studies are needed to define tissue perfusion 
and find out how treatment of arterial hypotension influ-
ences the short- and long-term outcomes.

   Recommendations 
   (1) Treatment of arterial hypotension is recommended when it 

is confirmed by evidence of poor tissue perfusion (C). 
 (2) Volume expansion with 10–20 ml/kg 0.9% saline should be 

used as first-line treatment of hypotension if myocardial 
dysfunction has been excluded (D).  

  (3) Dopamine (2–20  � g/kg/min) should be used if volume ex-
pansion fails to satisfactorily improve blood pressure (B). 

   (4) Dobutamine (5–20  � g/kg/min), as a first line, and epineph-
rine (0.01–1.0  � g/kg/min) as a second line, should be used 
if low systemic blood flow and myocardial dysfunction 
need to be treated (D). 

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

 (6) Echocardiographic examination may help to make deci-
sions about when to start treatment for hypotension and 
what treatment to use (B).  

growth by increasing protein synthesis and nitrogen re-
tention  [117–119] . Early randomised trials showed that 
parenteral nutrition improved survival by 40% in babies 
of 28–30 weeks’ gestation with RDS and it is associated 
with a shorter hospital stay  [120, 121] . Full nutrition re-
quirements for glucose, amino acids and lipids can be 
safely commenced on the first day of life and progressive-
ly increased to 3.5 g/kg/day of amino acids and 2.5–3.0 g/
kg/day lipids  [122–126] . To maintain normoglycaemia 
and promote optimal growth, carbohydrate in the form of 
glucose should be given in the range of 6–18 g/kg/day. 
Dextrose 10% solution at 100 ml/kg delivers 10 g/kg of 
glucose. On its own this supplies 40 kcal/kg energy which 
is only just sufficient to maintain basal metabolic rate 
from the first day. Growth will require up to 110 kcal/kg 
energy in addition to protein  [127] . Tolerance to intrave-
nous lipids should be monitored as their use is associated 
with increased pulmonary vascular resistance and de-
creased oxygenation  [128] . As early as possible, minimal 
enteral or ‘trophic’ feeding, using  ̂  20 ml/kg/day of breast 
milk, should be provided to enhance maturation and 
function of the gastrointestinal tract, to decrease intoler-
ance and time to full enteral feeds, increase weight gain 
and shorten hospitalisation  [129, 130] . A Cochrane Re-
view shows no increase in the risk of necrotising entero-
colitis with early trophic feeding  [131] . Early aggressive 
feeding has been recommended by some  [122, 126]  to re-
duce weight deficit at time of hospital discharge  [124] .

   Recommendations 
   (1) Most babies should be started on intravenous fluids of 70–

80 ml/kg/day while being kept in a humidified incubator 
(D). 

 (2) Fluid and electrolyte therapy should be tailored individu-
ally in preterm infants, allowing a 2.5–4% daily weight loss 
(15% total) over the first 5 days (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 electrolyte levels (B). 

 (4) Full parenteral nutrition can be initiated on day 1 (A). This 
may include starting protein at 3.5 g/kg/day and lipid at
3 g/kg/day in 10% dextrose solution. 

 (5) Minimal enteral feeding should be started from the first 
day (B). Early aggressive feeding is increasingly popular but 
level A evidence of its benefit is lacking. 

  Maintenance of Tissue Perfusion  
 Hypotension as well as low systemic blood flow are im-

portant factors determining poor tissue perfusion and 
can be related to brain injury  [132] . There is a lack of data 
to determine what normal acceptable blood pressure val-
ues should be  [133, 134] , but many clinicians as a guide 
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   Recommendations 
   (1) If a decision is made to attempt therapeutic closure of the 

PDA, then indomethacin or ibuprofen have been shown to 
be equally efficacious (B). 

 (2) Pharmacological or surgical treatment of presymptomatic 
or symptomatic PDA must be based on individual assess-
ment of clinical signs and echocardiographic findings sug-
gesting poor tolerance of PDA (D). 

  Miscellaneous 

 Some aspects of RDS management arise infrequently, 
but it is important to be aware of them. RDS can occur in 
babies born close to or at term, particularly if born by elec-
tive caesarean section before 39 weeks of gestation. RDS 
should be considered as a differential diagnosis in any baby 
with early respiratory distress, and surfactant therapy con-
sidered as part of the management  [3, 146] . Some term ba-
bies with RDS may suffer from surfactant protein B or 
ABCA3 deficiency. These, especially the former, are ex-
tremely rare and these babies need specialised care which 

 Management of Persistent Ductus Arteriosus 
 PDA may provide clinical problems for very preterm 

babies with RDS. Prophylactic indomethacin will reduce 
PDA and intraventricular haemorrhage, but there is no 
difference in long-term outcome  [142] . Indomethacin or 
ibuprofen may be used to promote ductus closure when 
there are early signs of PDA such as hypotension (espe-
cially low diastolic blood pressure) with wide pulse pres-
sures. The efficacy of indomethacin and ibuprofen are 
equivalent although ibuprofen is associated with a lower 
rate of renal adverse effects  [143] . At present there is in-
sufficient evidence of either short-term benefit or im-
proved long-term outcomes when treating PDA with ei-
ther indomethacin or ibuprofen or surgical ligation, al-
though there is an observed association between surgical 
ligation and an increased risk of long-term adverse effects 
 [144] . According to post-hoc analysis of a randomised tri-
al, prophylactic ligation of PDA within 24 h of birth in-
creases the risk of BPD  [145] .

Table 3.  Summary of recommendations

Prenatal care –

–

Preterm babies at risk of RDS should be born in centres where appropriate care, including mechanical
ventilation, is available.
If possible, birth should be delayed to allow the maximum benefit of antenatal steroid therapy.

Delivery 
room 
stabilisation

–
–
–

–

Aim to delay cord clamping at birth.
Stabilise baby in a plastic bag under a radiant warmer to prevent heat loss.
Resuscitate gently, avoiding excessive tidal volumes and exposure to 100% oxygen, using pulse oximetry as a 
guide provided there is an adequate heart rate response.
For extremely preterm infants, consider intubation in delivery suite for prophylactic surfactant administration.  
For more mature babies, CPAP should be initiated early.

Respiratory 
support and 
surfactant

–

–

–

–
–

Natural surfactants should be used and given as early as possible in the course of RDS. Repeat doses of
surfactant may be required if there is ongoing evidence of RDS.
More mature babies can often be extubated to CPAP or NIPPV immediately following surfactant, and a
judgement 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 possible, avoiding
hyperoxia, hypocapnia and volutrauma.
Caffeine therapy should be used to minimise need for and duration of ventilation.
Babies should be maintained on CPAP or NIPPV in preference to ventilation if possible.

Supportive 
care

–
–
–

–

–

Antibiotics should be started until sepsis has been ruled out.
Maintain body temperature in the normal range.
Careful fluid balance is required with early aggressive nutritional support using parenteral nutrition whilst
enteral feeding is being established.
Blood pressure should be monitored regularly, aiming to maintain normal tissue perfusion, if necessary using 
inotropes.
Consideration should be given to whether pharmacological closure of the ductus arteriosus is indicated.
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 Finally, the recommendations discussed in detail on 
prenatal care, delivery room stabilisation, respiratory 
support and surfactant, and supportive care are sum-
marised in  table 3 .
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is beyond the scope of this article. In term and near-term 
infants RDS may be associated with persistent pulmonary 
hypertension. These babies benefit from inhaled nitric ox-
ide therapy  [147] . This has also been administered to pre-
term babies in an attempt to reduce ventilation-perfusion 
mismatching and decrease pulmonary inflammation  [48] . 
In contrast to term infants, several large randomised con-
trolled studies of inhaled nitric oxide in preterm babies 
have failed to demonstrate clear benefits in terms of sur-
vival or reduced BPD  [148] . Preterm babies with RDS oc-
casionally develop massive pulmonary haemorrhage, par-
ticularly in the presence of a large PDA. Additional surfac-
tant replacement therapy can be useful in this setting to 
counteract surfactant inhibition by blood and improve ox-
ygenation, although there are no good randomised trials 
to support this  [149] . Surfactant therapy has also been ad-
ministered later in the course of respiratory disease, in ba-
bies with evolving BPD, and improvements in oxygenation 
occur but this effect is not sustained  [59, 150] .

   Recommendations 
   (1) Elective caesarean section in low-risk pregnancies should 

not be performed before 39 weeks’ gestation (B). 
 (2) Inhaled nitric oxide therapy is not beneficial in manage-

ment of preterm babies with RDS (A). 
 (3) Surfactant therapy can be used to improve oxygenation fol-

lowing pulmonary haemorrhage (C). 
 (4) Surfactant replacement for evolving BPD leads to only 

short-term benefits and cannot be recommended (C). 
 

 References 

  1 EuroNeoStat Annual Report for Very Low 
Gestational Age Infants 2006. The ENS Proj-
ect. Hospital de Cruces, Unidad Neonatal 
5-D, Plaza de Cruces s/n, 48903 Barakaldo, 
Spain. Info.euroneonet   @   euskalnet.net 

  2 Sweet D, Bevilacqua G, Carnielli V, Greisen 
G, Plavka R, Saugstad OD, Simeoni U, Speer 
CP, Valls-I-Soler A, Halliday HL; Working 
Group on Prematurity of the World Associa-
tion of Perinatal Medicine, European Asso-
ciation of Perinatal Medicine: European 
consensus guidelines on the management of 
neonatal respiratory distress syndrome. J 
Perinat Med 2007;   35:   175–186. 

  3 Hansen AK, Wisborg K, Uldbjerg N, Hen-
riksen TB: Risk of respiratory morbidity in 
term infants delivered by elective caesarean 
section: cohort study. BMJ 2008;   336:   85–87. 

  4 Rautava L, Lehtonen L, Peltola M, Korven-
ranta E, Korvenranta H, Linna M, Hallman 
M, Andersson S, Gissler M, Leipälä J, Tam-
mela O, Häkkinen U; PERFECT Preterm In-
fant Study Group: The effect of birth in sec-
ondary- or tertiary-level hospitals in Finland 
on mortality in very preterm infants: a birth-
register study. Pediatrics 2007;   119:e257–
e263. 

  5 Blennow M, Ewald U, Fritz T, Holmgren PA, 
Jeppsson A, Lindberg E, Lundqvist A, Linde-
berg SN, Olhager E, Ostlund I, Simic M, Sjörs 
G, Stigson L, Fellman V, Hellström-Westas 
L, Norman M, Westgren M, Holmström G, 
Laurini R, Stjernqvist K, Källén K, Lager-
crantz H, Marsál K, Serenius F, Wennergren 
M, Nilstun T, Olausson PO, Strömberg B: 
One-year survival of extremely preterm in-
fants after active perinatal care in Sweden. 
JAMA 2009;   301:   2225–2233. 

  6 Kenyon S, Boulvain M, Neilson J: Antibiotics 
for preterm rupture of membranes. Co-
chrane Database Syst Rev 2003;   2:CD001058. 

  7 Anotayanonth S, Subhedar NV, Garner P, 
Neilson JP, Harigopal S: Betamimetics for 
inhibiting preterm labour. Cochrane Data-
base Syst Rev 2004;   4:CD004352. 

  8 King J, Flenady V, Cole S, Thornton S: Cyclo-
oxygenase (COX) inhibitors for treating pre-
term labour. Cochrane Database Syst Rev 
2005;   2:CD001992. 

  9 King JF, Flenady VJ, Papatsonis DN, Dekker 
GA, Carbonne B: Calcium channel blockers 
for inhibiting preterm labour. Cochrane Da-
tabase Syst Rev 2003;   1:CD002255. 

 10 Papatsonis D, Flenady V, Cole S, Liley H: 
Oxytocin receptor antagonists for inhibiting 
preterm labour. Cochrane Database Syst Rev 
2005;   3:CD004452. 

 11 Kenyon S, Pike K, Jones DR, Brocklehurst P, 
Marlow N, Salt A, Taylor DJ: Childhood out-
comes after prescription of antibiotics to 
pregnant women with spontaneous preterm 
labour: 7-year follow-up of the ORACLE II 
trial. Lancet 2008;   372:   1319–1327. 



 Sweet   /Carnielli   /Greisen   /Hallman   /Ozek   /
Plavka   /Saugstad   /Simeoni   /Speer   /Halliday   
 

Neonatology 2010;97:402–417 414

 12 Kenyon S, Pike K, Jones DR, Brocklehurst
P, Marlow N, Salt A, Taylor DJ: Childhood 
outcomes after prescription of antibiotics 
to pregnant women with preterm rupture
of the membranes: 7-year follow-up of the 
ORACLE I trial. Lancet 2008;   372:   1310–
1318. 

 13 Roberts D, Dalziel S: Antenatal corticoste-
roids for accelerating fetal lung maturation 
for women at risk of preterm birth. Cochrane 
Database Syst Rev 2006;   3:CD004454. 

 14 Baud O, Foix-L’Helias L, Kaminski M, Audi-
bert F, Jarreau PH, Papiernik E, Huon C, Le-
percq J, Dehan M, Lacaze-Masmonteil T: 
Antenatal glucocorticoid treatment and cys-
tic periventricular leukomalacia in very pre-
mature infants. N Engl J Med 1999;   341:  
 1190–1196. 

 15 Jobe AH, Soll RF: Choice and dose of corti-
costeroid for antenatal treatments. Am J Ob-
stet Gynecol 2004;   190:   878–881. 

 16 Brownfoot FC, Crowther CA, Middleton P: 
Different corticosteroids and regimens for 
accelerating fetal lung maturation for wom-
en at risk of preterm birth. Cochrane Data-
base Syst Rev 2008;   4:CD006764. 

 17 Baud O, Zupan V, Lacaze-Masmonteil T, Au-
dibert F, Shojaei T, Thebaud B, Ville Y, Fryd-
man R, Dehan M: The relationships between 
antenatal management, the cause of delivery 
and neonatal outcome in a large cohort of 
very preterm singleton infants. BJOG 2000;  
 107:   877–884. 

 18 Crowther CA, Harding J: Repeat doses of 
prenatal corticosteroids for women at risk of 
preterm birth for preventing neonatal respi-
ratory disease. Cochrane Database Syst Rev 
2007;   3:CD003935. 

 19 French NP, Hagan R, Evans SF, Godfrey M, 
Newnham JP: Repeated antenatal corticoste-
roids: size at birth and subsequent develop-
ment. Am J Obstet Gynecol 1999;   180:   114–
121. 

 20 Peltoniemi OM, Kari MA, Lano A, Yliherva 
A, Puosi R, Lehtonen L, Tammela O, Hall-
man M; Repeat Antenatal Betamethasone 
(RepeatBM) Follow-Up Study Group: Two-
year follow-up of a randomised trial with re-
peated antenatal betamethasone. Arch Dis 
Child Fetal Neonatal Ed 2009;   94:F402–
F406. 

 21 Wapner RJ, Sorokin Y, Mele L, Johnson F, 
Dudley DJ, Spong CY, Peaceman AM, Leve-
no KJ, Malone F, Caritis SN, Mercer B, Harp-
er M, Rouse DJ, Thorp JM, Ramin S, Carpen-
ter MW, Gabbe SG; National Institute of 
Child Health and Human Development Ma-
ternal-Fetal Medicine Units Network: Long-
term outcomes after repeat doses of antena-
tal corticosteroids. N Engl J Med 2007;   357:  
 1190–1198. 

 22 Dalziel SR, Walker NK, Parag V, Mantell C, 
Rea HH, Rodgers A, Harding JE: Cardiovas-
cular risk factors after antenatal exposure to 
betamethasone: 30-year follow-up of a ran-
domised controlled trial. Lancet 2005;   365:  
 1856–1862. 

 23 Garite TJ, Kurtzman J, Maurel K, Clark R; 
Obstetrix Collaborative Research Network: 
Impact of a ‘rescue course’ of antenatal cor-
ticosteroids: a multicenter randomized pla-
cebo-controlled trial. Am J Obstet Gynecol 
2009;   200:   248.e1–248.e9. 

 24 Blickstein I, Shinwell ES, Lusky A, Reichman 
B; in collaboration with the Israel Neonatal 
Network: Plurality-dependent risk of respi-
ratory distress syndrome among very-low-
birth-weight infants and antepartum corti-
costeroid treatment. Am J Obstet Gynecol 
2005;   192:   360–364. 

 25 Blickstein I, Reichman B, Lusky A, Shinwell 
ES, in collaboration with the Israel Neonatal 
Network: Plurality-dependent risk of severe 
intraventricular hemorrhage among very 
low birth weight infants and antepartum 
corticosteroid treatment. Am J Obstet Gyne-
col 2006;   194:   1329–1333. 

 26 2005 American Heart Association Guide-
lines for Cardiopulmonary Resuscitation 
and Emergency Cardiovascular Care: Part 
13: Neonatal Resuscitation Guidelines. Cir-
culation 2005;   112:IV-188–IV-195. 

 27 O’Donnell CP, Davis PG, Morley CJ: Resus-
citation of premature infants: what are we 
doing wrong and can we do better? Biol Neo-
nate 2003;   84:   76–82. 

 28 Aladangady N, McHugh S, Aitchison TC, 
Wardrop CA, Holland BM: Infants’ blood 
volume in a controlled trial of placental 
transfusion at preterm delivery. Pediatrics 
2006;   117:   93–98. 

 29 Rabe H, Reynolds G, Diaz-Rossello J: Early 
versus delayed umbilical cord clamping in 
preterm infants. Cochrane Database Syst 
Rev 2004;   4:CD003248. 

 30 Rabe H, Reynolds G, Diax-Rossello J: A sys-
tematic review and meta-analysis of a brief 
delay in clamping the umbilical cord of pre-
term infants. Neonatology 2008;   93:   138–144. 

 31 Saugstad OD, Ramji S, Soll RF, Vento M: Re-
suscitation of newborn infants with 21 or 
100% oxygen: an updated systematic review 
and meta-analysis. Neonatology 2008;   94:  
 176–182. 

 32 Lundstrom KE, Pryds O, Greisen G: Oxygen 
at birth and prolonged cerebral vasocon-
striction in preterm infants. Arch Dis Child 
Fetal Neonatal Ed 1995;   73:F81–F86. 

 33 Vento M, Moro M, Escrig R, Arruza L, Villar 
G, Izquierdo I, Roberts LJ 2nd, Arduini A, 
Escobar JJ, Sastre J, Asensi MA: Preterm re-
suscitation with low oxygen causes less oxi-
dative stress, inflammation, and chronic 
lung disease. Pediatrics 2009 (Epub ahead of 
print). 

 34 Wang CL, Anderson C, Leone TA, Rich W, 
Govindaswami B, Finer NN: Resuscitation 
of preterm neonates by using room air or 
100% oxygen. Pediatrics 2008;   121:   1083–
1089. 

 35 Escrig R, Arruza L, Izquierdo I, Villar G, 
Sáenz P, Gimeno A, Moro M, Vento M: 
Achievement of targeted saturation values in 
extremely low gestational age neonates re-
suscitated with low or high oxygen concen-
trations: a prospective, randomized trial. Pe-
diatrics 2008;   121:   875–881. 

 36 Dawson JA, Kamlin CO, Wong C, te Pas AB, 
O’Donnell CP, Donath SM, Davis PG, Mor-
ley CJ: Oxygen saturation and heart rate dur-
ing delivery room resuscitation of infants 
 ! 30 weeks’ gestation with air or 100% oxy-
gen. Arch Dis Child Fetal Neonatal Ed 2009;  
 94:F87–F91. 

 37 Finer N, Leone T: Oxygen saturation moni-
toring for the preterm infant: the evidence 
basis for current practice. Pediatr Res 2009;  
 65:   375–380. 

 38 Kamlin CO, O’Donnell CP, Davis PG, Mor-
ley CJ: Oxygen saturation in healthy infants 
immediately after birth. J Pediatr 2006;   148:  
 585–589. 

 39 Saugstad OD: Oxygen saturations immedi-
ately after birth. J Pediatr 2006;   148:   569–570. 

 40 Björklund LJ, Ingimarsson J, Curstedt T, 
John J, Robertson B, Werner O, Vilstrup CT: 
Manual ventilation with a few large breaths 
at birth compromises the therapeutic effect 
of subsequent surfactant replacement in im-
mature lambs. Pediatr Res 1997;   42:   348–355. 

 41 Jobe AH, Ikegami M: Mechanisms initiating 
lung injury in the preterm. Early Hum Dev 
1998;   53:   81–94. 

 42 O’Donnell CP: ‘Resuscitation’ of extremely 
preterm and/or low-birth-weight infants – 
time to ‘call it’? Neonatology 2008;   93:   295–
301. 

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

 44 Te Pas AB, Walther FJ: A randomized, con-
trolled trial of delivery-room respiratory 
management in very preterm infants. Pedi-
atrics 2007;   120:   322–329. 

 45 Silverman WA, Ferting JW, Berger AP: The 
influence of the thermal environment upon 
the survival of newly born premature in-
fants. Pediatrics 1958;   22:   876–886. 

 46 McCall EM, Alderdice FA, Halliday HL, Jen-
kins JG, Vohra S: Interventions to prevent 
hypothermia at birth in preterm and/or low 
birthweight infants. Cochrane Database Syst 
Rev 2010;   3:CD004210. 

 47   Soll R, Ozek E: Prophylactic protein-free 
synthetic surfactant for preventing morbid-
ity and mortality in preterm infants. Co-
chrane Database Syst Rev 2010;   1:CD001079. 

48 Soll RF: Current trials in the treatment of re-
spiratory failure in preterm infants. Neona-
tology 2009;95:368–372.

 49 Verlato G, Cogo PE, Benetti E, Gomirato S, 
Gucciardi A, Carnielli VP: Kinetics of sur-
factant in respiratory diseases of the new-
born infant. J Matern Fetal Neonatal Med 
2004;   16(suppl 2):21–24. 



 Consensus Guidelines Neonatology 2010;97:402–417 415

 50 Cogo PE, Facco M, Simonato M, Verlato G, 
Rondina C, Baritussio A, Toffolo GM, Car-
nielli VP: Dosing of porcine surfactant: ef-
fect on kinetics and gas exchange in respira-
tory distress syndrome. Pediatrics 2009;  
 124:e950–e957. 

 51 Ramanathan R, Rasmussen MR, Gerstmann 
DR, Finer N, Sekar K; North American Study 
Group: A randomized, multicenter masked 
comparison trial of poractant alfa (Curosurf) 
versus beractant (Survanta) in the treatment 
of respiratory distress syndrome in preterm 
infants. Am J Perinatol 2004;   21:   109–119. 

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

 53 Stevens TP, Harrington EW, Blennow M, 
Soll RF: Early surfactant administration 
with brief ventilation vs. selective surfactant 
and continued mechanical ventilation for 
preterm infants with or at risk for respiratory 
distress syndrome. Cochrane Database Syst 
Rev 2007;   4:CD003063. 

 54 Verder H, Albertsen P, Ebbesen F, Greisen
G, Robertson B, Bertelsen A, Agertoft L, 
Djernes B, Nathan E, Reinholdt J: Nasal con-
tinuous positive airway pressure and early 
surfactant therapy for respiratory distress 
syndrome in newborns of less than 30 weeks’ 
gestation. Pediatrics 1999;   103:e24. 

 55 Rojas MA, Lozano JM, Rojas MX, Laughon 
M, Bose CL, Rondon MA, Charry L, Bastidas 
JA, Perez LA, Rojas C, Ovalle O, Celis LA, 
Garcia-Harker J, Jaramillo ML; Colombian 
Neonatal Research Network: Very early sur-
factant without mandatory ventilation in 
premature infants treated with early contin-
uous positive airway pressure: a random-
ized, controlled trial. Pediatrics 2009;   123:  
 137–142. 

 56 Soll R, Ozek E: Multiple versus single doses 
of exogenous surfactant for the prevention or 
treatment of neonatal respiratory distress 
syndrome. Cochrane Database Syst Rev 
2009;   1:CD000141. 

 57 Speer CP, Robertson B, Curstedt T, Halliday 
HL, Compagnone D, Gefeller O, Harms K, 
Herting E, McClure G, Reid M, et al: Ran-
domized European multicenter trial of sur-
factant replacement therapy for severe neo-
natal respiratory distress syndrome: single 
versus multiple doses of Curosurf. Pediatrics 
1992;   89:   13–20. 

 58 Carnielli VP, Zimmermann LJ, Hamvas A, 
Cogo PE: Pulmonary surfactant kinetics of 
the newborn infant: novel insights from 
studies with stable isotopes. J Perinatol 2009;  
 29(suppl 2):S29–S37. 

 59 Pandit PB, Dunn MS, Kelly EN, Perlman M: 
Surfactant replacement in neonates with ear-
ly chronic lung disease. Pediatrics 1995;   95:  
 851–854. 

 60 Soll RF, Blanco F: Natural surfactant extract 
versus synthetic surfactant for neonatal re-
spiratory distress syndrome. Cochrane Da-
tabase Syst Rev 2001;   2:CD000144. 

 61 Bloom BT, Clark RH; Infasurf Survanta Clin-
ical Trial Group: Comparison of Infasurf (cal-
factant) and Survanta (beractant) in the pre-
vention and treatment of respiratory distress 
syndrome. Pediatrics 2005;   116:   392–399. 

 62 Bloom BT, Kattwinkel J, Hall RT, Delmore 
PM, Egan EA, Trout JR, Malloy MH, Brown 
DR, Holzman IR, Coghill CH, Carlo WA, 
Pramanik AK, McCaffree MA, Toubas PL, 
Laudert S, Gratny LL, Weatherstone KB, 
Seguin JH, Willett LD, Gutcher GR, Mueller 
DH, Topper WH: Comparison of Infasurf 
(calf lung surfactant extract) to Survanta 
(Beractant) in the treatment and prevention 
of respiratory distress syndrome. Pediatrics 
1997;   100:   31–38. 

 63 Speer CP, Gefeller O, Groneck P, Laufkötter 
E, Roll C, Hanssler L, Harms K, Herting E, 
Boenisch H, Windeler J, et al: Randomised 
clinical trial of two treatment regimens of 
natural surfactant preparations in neonatal 
respiratory distress syndrome. Arch Dis 
Child Fetal Neonatal Ed 1995;   72:F8–F13. 

 64 Halliday HL: History of surfactant from 
1980. Biol Neonate 2005;   87:   317–322. 

 65 Sinha SK, Lacaze-Masmonteil T, Valls i Soler 
A, Wiswell TE, Gadzinowski J, Hajdu J,
Bernstein G, Sanchez-Luna M, Segal R, Scha-
ber CJ, Massaro J, d’Agostino R; Surfaxin 
Therapy Against Respiratory Distress Syn-
drome Collaborative Group: A multicenter, 
randomized, controlled trial of lucinactant 
versus poractant alfa among very premature 
infants at high risk for respiratory distress 
syndrome. Pediatrics 2005;   115:   1030–1038. 

 66 Tin W, Milligan DW, Pennefather P, Hey E: 
Pulse oximetry, severe retinopathy, and out-
come at one year in babies of less than 28 
weeks’ gestation. Arch Dis Child Fetal Neo-
natal Ed 2001;   84:F106–F110. 

 67 Askie LM, Henderson-Smart DJ, Irwig L, 
Simpson JM: Oxygen-saturation targets and 
outcomes in extremely preterm infants. N 
Engl J Med 2003;   349:   959–967. 

 68 Saugstad OD: Optimal oxygenation at birth 
and in the neonatal period. Neonatology 
2007;   91:   319–322. 

 69 Wright KW, Sami D, Thompson L, Ramana-
than R, Joseph R, Farzavandi S: A physiolog-
ic reduced oxygen protocol decreases the
incidence of threshold retinopathy of prema-
turity. Trans Am Ophthalmol Soc 2006;   104:  
 78–84. 

 70 Vanderveen DK, Mansfield TA, Eichenwald 
EC: Lower oxygen saturation alarm limits 
decrease the severity of retinopathy of pre-
maturity. J AAPOS 2006;   10:   445–448. 

 71 Deulofeut R, Critz A, Adams-Chapman I, 
Sola A: Avoiding hyperoxia in infants  !  or = 
1,250 g is associated with improved short- 
and long-term outcomes. J Perinatol 2006;  
 26:   700–705. 

 72 Lloyd J, Askie L, Smith J, Tarnow-Mordi
W: Supplemental oxygen for the treatment
of prethreshold retinopathy of prematuri-
ty. Cochrane Database Syst Rev 2003;   2:
CD003482. 

 73 Supplemental Therapeutic Oxygen for Pre-
threshold Retinopathy Of Prematurity 
(STOP-ROP), a randomized, controlled trial. 
I. Primary outcomes. Pediatrics 2000;   105:  
 295–310. 

 74 Chow LC, Wright KW, Sola A; Oxygen Ad-
ministration Study Group: Can changes in 
clinical practice decrease the incidence of se-
vere retinopathy of prematurity in very low 
birth weight infants? Pediatrics 2003;   111:  
 339–345. 

 75 Cunningham S, Fleck BW, Elton RA, McIn-
tosh N: Transcutaneous oxygen levels in ret-
inopathy of prematurity. Lancet 1995;   346:  
 1464–1465. 

 76 Sandri F, Plavka R, Simeoni U, Stranak Z, 
Martinelli S, Mosca F, Nona J, Thomson M, 
Verder H, Fabbri L, Halliday HL, for the 
CURPAP Study Group: Prophylactic or early 
selective surfactant combined with NCPAP 
in very preterm infants (Clinical Trials.gov: 
NCT00501982). Pediatrics 2010 (in press). 

 77 Ho JJ, Henderson-Smart DJ, Davis PG: Early 
versus delayed initiation of continuous dis-
tending pressure for respiratory distress syn-
drome in preterm infants. Cochrane Data-
base Syst Rev 2002;   2:CD002975. 

 78 Buckmaster AG, Arnolda G, Wright IM, Fos-
ter JP, Henderson-Smart DJ: Continuous 
positive airway pressure therapy for infants 
with respiratory distress in non tertiary care 
centers: a randomized, controlled trial. Pedi-
atrics 2007;   120:   509–518. 

 79 Davis PG, Henderson-Smart DJ: Nasal con-
tinuous positive airways pressure immedi-
ately after extubation for preventing morbid-
ity in preterm infants. Cochrane Database 
Syst Rev 2003;   2:CD000143. 

 80 Liptsen E, Aghai ZH, Pyon KH, Saslow JG, 
Nakhla T, Long J, Steele AM, Habib RH, 
Courtney SE: Work of breathing during na-
sal continuous positive airway pressure in 
preterm infants: a comparison of bubble vs. 
variable-flow devices. J Perinatol 2005;   25:  
 453–458. 

 81 Gupta S, Sinha SK, Tin W, Donn SM: A ran-
domized controlled trial of post-extubation 
bubble continuous positive airway pressure 
versus Infant Flow Driver continuous posi-
tive airway pressure in preterm infants with 
respiratory distress syndrome. J Pediatr 
2009;   154:   645–650. 

 82 De Paoli AG, Davis PG, Faber B, Morley CJ: 
Devices and pressure sources for adminis-
tration of nasal continuous positive airway 
pressure (NCPAP) in preterm neonates. Co-
chrane Database Syst Rev 2002;   3:CD002977. 

 83 Henderson-Smart DJ, Wilkinson A, Raynes-
Greenow CH: Mechanical ventilation for 
newborn infants with respiratory failure due 
to pulmonary disease. Cochrane Database 
Syst Rev 2002;   4:CD002770. 



 Sweet   /Carnielli   /Greisen   /Hallman   /Ozek   /
Plavka   /Saugstad   /Simeoni   /Speer   /Halliday   
 

Neonatology 2010;97:402–417 416

  84 Cools F, Henderson-Smart DJ, Offringa M, 
Askie LM: Elective high-frequency oscilla-
tory ventilation versus conventional venti-
lation for acute pulmonary dysfunction in 
preterm infants. Cochrane Database Syst 
Rev 2009;   3:CD000104. 

  85 Gerstmann DR, Minton SD, Stoddard RA, 
Meredith KS, Monaco F, Bertrand JM, Bat-
tisti O, Langhendries JP, Francois A, Clark 
RH: The PROVO multicenter early high-
frequency oscillatory ventilation trial: im-
proved pulmonary and clinical outcome in 
respiratory distress syndrome. Pediatrics 
1996;   98:   1044–1057. 

  86 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. 

  87 De Jaegere A, van Veenendaal MB, Mich-
iels A, van Kaam AH: Lung recruitment 
using oxygenation during open lung high-
frequency ventilation in preterm infants. 
Am J Respir Crit Care Med 2006;   174:   639–
645. 

  88 Erickson SJ, Grauaug A, Gurrin L, Swami-
nathan M: Hypocarbia in the ventilated 
preterm infant and its effect on intraven-
tricular haemorrhage and bronchopulmo-
nary dysplasia. J Paediatr Child Health 
2002;   38:   560–562. 

  89 Greisen G, Vannucci RC: Is periventricular 
leucomalacia a result of hypoxic-ischaemic 
injury? Hypocapnia and the preterm brain. 
Biol Neonate 2001;   79:   194–200. 

  90 Keszler M, Nassabeh-Montazami S, Abu-
bakar K: Evolution of tidal volume require-
ment during the first 3 weeks of life in in-
fants  ! 800 g ventilated with Volume 
Guarantee. Arch Dis Child Fetal Neonatal 
Ed 2009;   94:F279–F282. 

  91 Philip AG: Chronic lung disease of prema-
turity: a short history. Semin Fetal Neona-
tal Med 2009;   14:   333–338. 

  92 Schmidt B, Roberts RS, Davis P, Doyle LW, 
Barrington KJ, Ohlsson A, Solimano A, Tin 
W; Caffeine for Apnea of Prematurity Trial 
Group: Caffeine therapy for apnea of pre-
maturity. N Engl J Med 2006;   354:   2112–
2121. 

  93 Schmidt B, Roberts RS, Davis P, Doyle LW, 
Barrington KJ, Ohlsson A, Solimano A, Tin 
W; Caffeine for Apnea of Prematurity Trial 
Group: Long-term effects of caffeine thera-
py for apnea of prematurity. N Engl J Med 
2007;   357:   1893–1902. 

  94 Davis PG, Schmidt B, Roberts RS, Doyle 
LW, Asztalos E, Haslam R, Sinha S, Tin W, 
for the Caffeine for Apnea of Prematurity 
Trial Group: Caffeine for apnea of prematu-
rity: benefits may vary in subgroups. J Pe-
diatr 2010;   156:   382–387. 

  95 Schmidt B, Roberts R, Millar D, Kirpalani 
H: Evidence-based neonatal drug therapy 
for prevention of bronchopulmonary dys-
plasia in very-low-birth-weight infants. 
Neonatology 2008;   93:   284–287. 

  96 Davis PG, Lemyre B, de Paoli AG: Nasal in-
termittent positive pressure ventilation 
(NIPPV) versus nasal continuous positive 
airway pressure (NCPAP) for preterm neo-
nates after extubation. Cochrane Database 
Syst Rev 2001;   3:CD003212. 

  97 Kugelman A, Feferkorn I, Riskin A, 
Chistyakov I, Kaufman B, Bader D: Nasal 
intermittent mandatory ventilation versus 
nasal continuous positive airway pressure 
for respiratory distress syndrome: a ran-
domized, controlled, prospective study. J 
Pediatr 2007;   150:   521–526. 

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

  99 Thome UH, Ambalavanan N: Permissive 
hypercapnia to decrease lung injury in ven-
tilated preterm neonates. Semin Fetal Neo-
natal Med 2009;   14:   21–27. 

 100 Hermeto F, Bottino MN, Vaillancourt K, 
Sant’Anna GM: Implementation of a respi-
ratory therapist-driven protocol for neo-
natal ventilation: impact on the prema-
ture population. Pediatrics 2009;   123:e907–
e916. 

 101 Bancalari E, Claure N: Weaning preterm 
infants from mechanical ventilation. Neo-
natology 2008;   94:   197–202. 

 102 Danan C, Durrmeyer X, Brochard L, De-
cobert F, Benani M, Dassieu G: A random-
ized trial of delayed extubation for the
reduction of reintubation in extremely pre-
term infants. Pediatr Pulmonol 2008;   43:  
 117–124. 

 103 Greenough A, Dimitriou G, Prendergast M, 
Milner AD: Synchronized mechanical ven-
tilation for respiratory support in newborn 
infants. Cochrane Database Syst Rev 2008;  
 1:CD000456. 

 104 McCallion N, Davis PG, Morley CJ: Vol-
ume-targeted versus pressure-limited ven-
tilation in the neonate. Cochrane Database 
Syst Rev 2005;   3:CD003666. 

 105 Ohlsson A, Shah VS: Intrapartum antibiot-
ics for known maternal group B streptococ-
cal colonization. Cochrane Database Syst 
Rev 2009;   3:CD007467. 

 106 Benjamin DK Jr, Stoll BJ, Fanaroff AA, Mc-
Donald SA, Oh W, Higgins RD, Duara S, 
Poole K, Laptook A, Goldberg R; National 
Institute of Child Health and Human De-
velopment Neonatal Research Network: 
Neonatal candidiasis among extremely low 
birth weight infants: risk factors, mortality 
rates, and neurodevelopmental outcomes at 
18 to 22 months. Pediatrics 2006;   117:   84–
92. 

 107 Manzoni P, Stolfi I, Pugni L, Decembrino L, 
Magnani C, Vetrano G, Tridapalli E, Co-
rona G, Giovannozzi C, Farina D, Arisio R, 
Merletti F, Maule M, Mosca F, Pedicino R, 
Stronati M, Mostert M, Gomirato G; Italian 
Task Force for the Study and Prevention of 
Neonatal Fungal Infections; Italian Society 

of Neonatology: A multicenter, random-
ized trial of prophylactic f luconazole in 
preterm neonates. N Engl J Med 2007:   356:  
 2483–2495. 

 108 Clerihew L, Lamagni TL, Brocklehurst P, 
McGuire W: Invasive fungal infection in 
very low birth weight infants: a national 
prospective surveillance study. Arch Dis 
Child Fetal Neonatal Ed 2006;   91:F188–
F192. 

 109 Clerihew L, Austin N, McGuire W: System-
ic antifungal prophylaxis for very low birth 
weight infants: systematic review. Arch Dis 
Child Fetal Neonatal Ed 2008;   93:F198–
F200. 

 110 McCrossan BA, McHenry E, O’Neill F, Ong 
G, Sweet DG: Selective fluconazole prophy-
laxis in high-risk babies to reduce invasive 
fungal infection. Arch Dis Child Fetal Neo-
natal Ed 2007;   92:F454–F458. 

 111 Kaufman D, Boyle R, Hazen KC, Patrie JT, 
Robinson M, Grossman LB: Twice weekly 
fluconazole prophylaxis for prevention of 
invasive  Candida  infection in high-risk in-
fants of  ! 1,000 g birth weight. J Pediatr 
2005;   147:   172–179. 

 112 Flenady VJ, Woodgate PG: Radiant warm-
ers versus incubators for regulating body 
temperature in newborn infants. Cochrane 
Database Syst Rev 2003;   4:CD000435. 

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

 114 Verma RP, Shibli S, Fang H, Komaroff E: 
Clinical determinants and utility of early 
postnatal maximum weight loss in fluid 
management of extremely low birth weight 
infants. Early Hum Dev 2009;   85:   59–64. 

 115 Bell EF, Acarregui MJ: Restricted versus 
liberal water intake for preventing mor-
bidity and mortality in preterm infants. 
Cochrane Database Syst Rev 2008;   1:
CD000503. 

 116 Brion LP, Soll RF: Diuretics for respiratory 
distress syndrome in preterm infants. Co-
chrane Database Syst Rev 2008;   1:CD001454. 

 117 Adamkin DH, McClead RE Jr, Desai NS, 
McCulloch KM, Marchildon MB: Compar-
ison of two neonatal intravenous amino 
acid formulations in preterm infants: a 
multicenter study. J Perinatol 1991;   11:   375–
382. 

 118 Rivera A Jr, Bell EF, Bier MA: Effect of in-
travenous amino acids and protein metabo-
lism of preterm infants during the first 
three days of life. Pediatr Res 1993;   33:   106–
111. 

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

 120 Gunn T, Reaman G, Outerbridge F, Colle E: 
Peripheral total parenteral nutrition for 
premature infants with respiratory distress 
syndrome: a controlled study. J Pediatr 
1978;   92:   608–613. 



 Consensus Guidelines Neonatology 2010;97:402–417 417

 121 Mayer-Mileur L, Chan G: Nutritional sup-
port of very-low-birth-weight infants re-
quiring prolonged assisted ventilation. Am 
J Dis Child 1986;   140:   929–932. 

 122 Parish A, Bhatia J: Early aggressive nutri-
tion for the premature infant. Neonatology 
2008;   94:   211–214. 

 123 Hay WW Jr: Strategies for feeding the pre-
term infant. Neonatology 2008;   94:   245–
254. 

 124 Ehrenkranz RA: Early, aggressive nutri-
tional management for very low birth 
weight infants: what is the evidence? Semin 
Perinatol 2007;   31:   48–55. 

 125 Ibrahim HM, Jeroudi MA, Baier RJ, Dhani-
reddy R, Krouskop RW: Aggressive early 
total parental nutrition in low-birth-weight 
infants. J Perinatol 2004;   24:   482–486. 

 126 Wilson DC, Cairns P, Halliday HL, Reid M, 
McClure G, Dodge JA: Randomised con-
trolled trial of an aggressive nutritional reg-
imen in sick very low birthweight infants. 
Arch Dis Child Fetal Neonatal Ed 1997;  
 77:F4–F11. 

 127 Koletzko B, Goulet O, Hunt J, Krohn K, 
Shamir R; Parenteral Nutrition Guidelines 
Working Group: Guidelines on paediatric 
parenteral nutrition of the European Soci-
ety of Paediatric Gastroenterology, Hepa-
tology and Nutrition (ESPGHAN) and the 
European Society for Clinical Nutrition 
and Metabolism (ESPEN), supported by the 
European Society of Paediatric Research 
(ESPR): J Pediatr Gastroenterol Nutr 2005;  
 41(suppl 2):S1–S87. 

 128 Prasertsom W, Phillipos EZ, Van Aerde JE, 
Robertson M: Pulmonary vascular resis-
tance during lipid infusion in neonates. 
Arch Dis Child Fetal Neonatal Ed 1996;  
 74:F95–F98. 

 129 Lucas A, Bloom SR, Aynsley-Green A: Gut 
hormones and ‘minimal enteral feeding’. 
Acta Paediatr Scand 1986;   75:   719–723. 

 130 McClure RJ, Newell SJ: Randomised con-
trolled study of clinical outcome following 
trophic feeding. Arch Dis Child Fetal Neo-
natal Ed 2000;   82:F20–F33. 

 131 Bombell S, McGuire W: Early trophic
feeding for very low birth weight infants. 
Cochrane Database Syst Rev 2009;   3:
CD000504. 

 132 Osborn DA, Evans N, Kluckow M, Bowen 
JR, Rieger I: Low superior vena cava and ef-
fect of inotropes on neurodevelopment to 3 
years in preterm infants. Pediatrics 2007;  
 120:   372–380. 

 133 Cayabyab R, McLean CW, Seri I: Definition 
of hypotension and assessment of hemody-
namics in the preterm neonate. J Perinatol 
2009;   29(suppl 2):S58–S62. 

 134 Short BL, Van Meurs K, Evans JR; Cardiol-
ogy Group: Summary proceedings from the 
cardiology group on cardiovascular insta-
bility in preterm infants. Pediatrics 2006;  
 117:S34–S39. 

 135 Dempsey EM, Barrington KJ: Evaluation 
and treatment of hypotension in the pre-
term infant. Clin Perinatol 2009;   36:   75–85. 

 136 Kluckow M, Evans N: Relationship between 
blood pressure and cardiac output in pre-
term infants requiring mechanical ventila-
tion. J Pediatr 1996;   129:   506–512. 

 137 Osborn DA, Evans N: Early volume expan-
sion for prevention of morbidity and mor-
tality in very preterm infants. Cochrane 
Database Syst Rev 2004;   2:CD002055. 

 138 Wong W, Fok TF, Lee CH, Ng PC, So KW, 
Ou Y, Cheung KL: Randomised controlled 
trial of colloid or crystalloid in hypotensive 
preterm infants. Arch Dis Child Fetal Neo-
natal Ed 1997;   76:F43–F46. 

 139 Subhedar NV, Shaw NJ: Dopamine versus 
dobutamine for hypotensive preterm in-
fants. Cochrane Database Syst Rev 2003;  
 3:CD001242. 

 140 Ng PC, Lee CH, Bnur FL, Chan IH, Lee AW, 
Wong E, Chan HB, Lam CW, Lee BS, Fok 
TF: A double-blind, randomized, con-
trolled study of a ‘stress dose’ of hydrocor-
tisone for rescue treatment of refractory hy-
potension in preterm infants. Pediatrics 
2006;   117:   367–375. 

 141 Subhedar NV, Duffy K, Ibrahim H: Corti-
costeroids for treating hypotension in pre-
term infants. Cochrane Database Syst Rev 
2007;   1:CD003662. 

 142 Schmidt B, Davis P, Moddemann D, Ohls-
son A, Roberts RS, Saigal S, Solimano A, 
Vincer M, Wright LL; Trial of Indometha-
cin Prophylaxis in Preterms Investigators: 
Long-term effects of indomethacin prophy-
laxis in extremely-low-birth-weight in-
fants. N Engl J Med 2001;   344:   1966–1172. 

 143 Ohlsson A, Walia R, Shah S: Ibuprofen for 
the treatment of patent ductus arteriosus
in preterm and/or low birth weight in-
fants. Cochrane Database Syst Rev 2008;  
 1:CD003481. 

 144 Malviya M, Ohlsson A, Shah S: Surgical 
versus medical treatment with cyclooxy-
genase inhibitors for symptomatic patent 
ductus arteriosus in preterm infants. Co-
chrane Database Syst Rev 2008;   1:CD003951. 

 145 Clyman R, Cassady G, Kirklin JK, Collins 
M, Philips JB 3rd: The role of patent ductus 
arteriosus ligation in bronchopulmonary 
dysplasia: re-examining a randomized con-
trolled trial. J Pediatr 2009;   154:   873–876. 

 146 Hansen AK, Wisborg K, Uldbjerg N, Hen-
riksen TB: Elective caesarean section and 
respiratory morbidity in the term and near-
term neonate. Acta Obstet Gynecol Scand 
2007;   86:   389–394. 

 147 Finer NN, Barrington KJ: Nitric oxide for 
respiratory failure in infants born at or near 
term. Cochrane Database Syst Rev 2006;  
 4:CD000399. 

 148   Barrington KJ, Finer NN: Inhaled nitric ox-
ide for respiratory failure in preterm in-
fants. Cochrane Database Syst Rev 2007;  
 3:CD000509. 

 149 Aziz A, Ohlsson A: Surfactant for pulmo-
nary hemorrhage in neonates. Cochrane 
Database Syst Rev 2008;   2:CD005254. 

150 Laughon M, Bose C, Moya F, Aschner J, 
Donn SM, Morabito C, Cummings JJ, Segal 
R, Guardia C, Liu G for the Surfaxin Study 
Group: A pilot, randomized, controlled tri-
al of later treatment with a peptide-con-
taining, synthetic surfactant for the pre-
vention of bronchopulmonary dysplasia. 
Pediatrics 2009;123:89–96.


