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Abstract

Exogenous surfactant therapy has an established rolein the management of neonatal respiratory distress syndrome (RDS). Thisarticle
summarisesthe current evidence on surfactant therapy. The use of surfactant for the treatment or prophylaxis of neonatal RDSresultsin
a 30% to 65% relative reduction in therisk of pneumothorax and up to a 40% relative reduction in therisk of mortality. Adver se effects,
of which pulmonary haemorrhage is of most concern, are infrequent and long-term follow-up studies of treated patients are reassuring.
Natural surfactants have advantages over synthetic surfactants, including a lower frequency of pneumothorax and a lower mortality.
Prophylactic administration of surfactant is preferred over ‘rescue’ administration, especially in infants of <30 weeks' gestation, as it
decreases the risk of pneumothorax, pulmonary interstitial emphysema and neonatal mortality. Prophylaxis can be administered after
initial resuscitation and stabilisation. In preterm infants who do not receive prophylactic surfactant, the first dose of surfactant should be
administered asearly aspossible—early selectivetreatment decreasestherisk of pneumothorax, pulmonary interstitial emphysema, chronic
lung disease and neonatal mortality. A regimen of using multiple doses of surfactant if required hasadvantagesover a single doseregimen.
Exogenoussurfactant therapy hasal so been used in neonatal respiratory disordersother than RDS. In trialsin severemeconium aspiration
syndrome, surfactant therapy reduced the need for extracorporeal membrane oxygenation. Itsrolein other disordersrequirestesting. The

development and testing of newer surfactantsisin progress.

Ann Acad Med Singapore 2003; 32:335-45

Key words: Neonate, Newborn, Respiratory, Respiratory distress syndrome, Surfactant

I ntroduction

Exogenous surfactant therapy is widely used in the
management of neonatal respiratory distress syndrome
(RDS) and may have a role in the management of other
neonatal respiratory disorders as well. Numerous
randomised controlled trials have been conducted in
neonatol ogy to study different aspectsof surfactant therapy.
In this article, we will review the published evidence on
exogenous surfactant therapy in neonates, in order to
identify clinical practicesthat are supported by theevidence
and to understand the clinical impact of surfactant therapy.

Types of Surfactant

Two types of surfactant are available for exogenous
therapy: surfactant derived fromanimal sourcesor ‘ natural’
surfactant, and synthetic surfactant.

Natural Surfactant
The currently available natural surfactant preparations

areobtained from either bovineor porcinelungs. Beractant
(Survanta) and Surfactant TA (Surfacten) arelipid extracts
of bovine lung mince with added dipalmitoyl-
phosphatidylcholine (DPPC), tripal mitoylglycerol and
palmiticacid. Calf lung surfactant extract (CL SE, Infasurf),
SF-RI1 (Alveofact) and Bovine Lipid Extract Surfactant
(BLES) are bovine lung washes subjected to chloroform-
methanol extraction. Porcine surfactant (poractant,
Curosurf) is a porcine lung mince that has been subjected
to chloroform-methanol extraction and further purified by
liquid-gel chromatography. It consists of approximately
99% polar lipids (mainly phospholipids) and 1%
hydrophobic, low molecular weight proteins [surfactant
protein B (SP-B) and surfactant protein C (SP-C)]. All the
natural surfactants contain SP-B and SP-C but the lung
mince extracts (Survanta and Curosurf) contain less than
10% of the SP-B that is found in the lung-wash extracts
(Infasurf, Alveofact and BLES).2 Thepurification procedure
including extraction with organic solvents removes the
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hydrophilic proteins SP-A and SP-D, leaving a material
containing only lipids and small amounts of hydrophobic
proteins. Poractant, which is further purified by liquid gel
chromatography, contains only polar lipids and about 1%
hydrophobic proteins (SP-B and SP-C in an approximate
molar ratio of 1:2).2 None of the commercial preparations
contain SP-A .2

Synthetic Surfactant

The predominant phospholipid found in all naturaly
occurring lung surfactants is DPPC. Therefore, it is not
surprisingthat theprincipal surface-activeagentinsynthetic
surfactants is DPPC. Other components may be added to
facilitate surface adsorption. The two widely tested and
commercially avail able synthetic surfactants lack many of
thecomponentsof natural surfactant. Colfosceril palmitate,
hexadecanal, tyloxapol (Exosurf) consists of 85% DPPC,
9% hexadecanol and 6% tyloxapol (a spreading agent).
Artificial lung expanding compound (Pumactant) isa 7:3
mixture of DPPC and phosphatidyl glycerol. Two new
syntheticsurfactantsarecurrently inaphaseof development
andtesting. L ucinactant (Surfaxin) isasynthetic preparation
that containsapeptidecalled KL4 (sinapultide), amimic of
SP-B. KL4 is a 21-residue peptide consisting of repeated
unitsof four hydrophobicleucine (L) residues, bounded by
basic polar lysine (K) residues. It iscombined with DPPC,
pa mitoyl ol eoyl-phosphatidyl glycerol and palmiticacid.*®
Another synthetic surfactant, rSP-C surfactant (V enticute)
contains a recombinant form of SP-C, along with DPPC,
pamitoyl oleoylphosphatidyl glycerol, palmitic acid and
calcium chloride.®” The recombinant surfactant protein C
in this preparation (rSP-C) is an analogue of the human
surfactant protein SP-C.

Effects of Surfactant Therapy

Immediate Pulmonary Effects of Surfactant Therapy

Exogenoussurfactant therapy |eadsto rapidimprovement
in oxygenation, decrease in mechanical ventilator settings
andanincreaseinthefunctional residual capacity, followed
by aslower and variableincreasein lung compliance.#° A
decreasein pulmonary ventilation-perfusion mismatch has
also been reported.*** Pulmonary blood flow, following
surfactant admini stration, hasbeenreportedto beunchanged
insomestudiest**® andincreasedinothers.*#[tisuncertain
whether these changesin pulmonary circulation arerelated
to ventilation practices, blood gas status or to surfactant
itself. Treatment with exogenous surfactant also resultsin
radiological improvement, with chest radiographs after
treatment often (but not always) showing adecreasein the
signs of RDS. This clearing of the lungs can be uniform,
patchy or asymmetric, sometimes with disproportionate
improvement of radiologic changes in the right lung.2+%

Clinical Trials of Surfactant Therapy Compared to
Placebo or No Therapy

Systematic reviews of randomised trials from the late
1980s and early 1990s%*2° show that, compared to placebo
or no therapy, surfactant treatment or prophylaxis (with
either natural or synthetic surfactant) decreases the risk of
pneumothorax and decreasesmortality. Estimatesfromthe
meta-analyses indicate that there is a 30% to 65% relative
reduction in the risk of pneumothorax and up to a 40%
relative reduction in the risk of mortality. There were no
consistent effectson other clinical outcomessuchaschronic
lung disease, patent ductus arteriosus and intraventricular
haemorrhage. Inadditiontotheserandomisedtrials, studies
comparingtheoutcomesof very-low-birth-weight (VLBW)
infants before and after the introduction of surfactant
therapy demonstrated adecreaseinmortality and morbidity
for VLBW infants after the introduction of surfactant
therapy.®-%However, thisdeclineinmortal ity hasnot been
universally observed. In particular, racial differences in
this decline in mortality have been reported. In one study,
the overall neonatal mortality for Black VLBW infantsdid
not change after the introduction of surfactant therapy®
and in another study, declines in neonatal mortality risks
caused by RDS and all respiratory causes were greater for
non-Hispanic White VLBW infantsthan for Black VLBW
infants.®

Long-term Outcomes after Surfactant Therapy

For both synthetic and natural surfactants, ‘long-term’
outcomes have been reported predominantly in the first 3
years of life, with very few reports of outcomes at school-
age or later. Long-term outcomes after surfactant therapy
have been better studied for synthetic surfactant than for
natural surfactant. Given these limitations, the evidence
suggests that not only do more infants survive from
surfactant therapy but they are also at no selective
disadvantage for neurodevel opmental sequelae due to the
surfactant therapy.

Neurodevelopmental Outcomes

No significant differences have been reported in the
long-term neurodevel opmental outcomesof infantstreated
with surfactant compared to those treated with placebo,
either with synthetic surfactant,®*" or natural surfactant.®®
“ A recent systematic review of 13 randomised trials
concludedthat surfactant therapy increasessurvival without
an increase in subsequent morbidity at 1 and 2 years of

age.*

Respiratory Outcomes

Compared toinfantstreated with placebo, infantstreated
with surfactant in the neonatal period are reported to have
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either improved®“" or equivalent results*®* on pulmonary
function testing.

Adver se Effects of Surfactant Therapy

Few serious adverse effects have been reported in
association with surfactant therapy. Acute adverse effects
include transient hypoxia and bradycardia due to acute
airway obstruction immediately following surfactant
instillation,®%2 reflux of surfactant into the pharynx from
the endotracheal tube, increase in transcutaneous carbon
dioxidetension, tachycardia, gagging and mucousplugging
of theendotracheal tube. These complicationsof surfactant
administration generally respond to a slower rate of
surfactant administration or to an increase the airway
pressureor FiO, during administration. Rapidimprovement
in oxygenation after surfactant administration necessitates
close monitoring and appropriate reduction of ventilatory
parameters. Several authors have reported a transient
decreasein blood pressure, atransient decreasein cerebral
blood flow velocity a transient decrease in cerebral
oxyhaemogl obin concentration and atransient decreasein
cerebral activity on amplitude-integrated electro-
encephalography immediately after surfactant
administration.®*%*% The clinical significance of these
findings is uncertain.

Theoneworrisomerisk associated with surfactant therapy
isanincreased risk of pulmonary haemorrhage. In ameta-
analysis of randomised trials of natural and synthetic
surfactant therapy, therewasa47% relativeincreasein the
frequency of pulmonary haemorrhage (pooled relativerisk
1.47,95% Cl 1.05, 2.07).*° However, theoverall incidence
of pulmonary haemorrhagewasl ow (<5%) andtheabsolute
magnitude of theincreased risk issmall. The occurrence of
pulmonary haemorrhage may be related to the presence of
apatent ductus arteriosus® or to direct cytotoxicity, which
has been demonstrated in in vitro studies.®

Choice of Surfactant Preparation

Natural versus Synthetic Surfactant

Although both synthetic and natural surfactants are
effective, their compositionissignificantly different. Natural
surfactant extracts contain surfactant specific proteinsthat
aidinsurfactant adsorptionandresist surfactant i nactivation.
A systematic review®? of 11 randomised trials that studied
the effects of natural versus synthetic surfactant for the
treatment of RDS isavailable.®*" Theresults of the meta-
anaysisaresummarisedin Tablel. Theresultsof themeta-
analyses are presented as the pooled estimates of relative
risk (RR) and absolute risk difference (ARD), with 95%
confidenceintervals(Cl). Comparedto synthetic surfactant,
treatment with natural surfactant extracts resulted in a
decrease in the frequency of pneumothorax (pooled RR
0.63, 95% CI 0.53, 0.75; pooled ARD -4%, 95% CI -6%,
-3%) and a decreased mortality (pooled RR 0.86, 95% CI
0.76, 0.98; pooled ARD -2%, 95% CI -5%, 0%). Natural
surfactant extract was associated with amarginal increase
in the risk of intraventricular haemorrhage (typical RR
1.09, 95% CI 1.00, 1.19; pooled ARD 3%, 95% CI 0%,
6%), but no increase in grade 3 to 4 intraventricular
haemorrhage (pooled RR 1.08, 95% CI 0.92, 1.28; typical
ARD 1%, 95% CI -1%, 3%). The meta-analyses support a
marginal decreaseintherisk of bronchopulmonary dysplasia
or mortality associated with the use of natural surfactant
preparations (pooled RR 0.95, 95% CI 0.90, 1.01; pooled
ARD -3%, 95% CI -6%, 0%). No other relevant differences
in outcome are noted. In addition to these benefits, natural
surfactants have a more rapid onset of action, alowing
ventilator settings and inspired oxygen concentrations to
be lowered more quickly than with synthetic
SJrfaCtant.67'7O'74’75

Comparison of Different Typesof Natural Surfactants
Publishedliteratureonclinical outcomesdoesnot provide

TABLEI: META-ANALYSISOF 11 RANDOMISED TRIALSCOMPARING NATURAL VERSUSSYNTHETIC SURFACTANT

Outcome (No. of trials)

No. of participants

Pooled risk difference [95% Cl] Pooled relative risk [95% Cl]

Pneumothorax (9) 4550
Patent ductus arteriosus (7) 3283
Sepsis (8) 4413
Intraventricular haemorrhage (7) 4220
Severe intraventricular haemorrhage, grades 3 or 4 (8) 4202
Retinopathy of prematurity (4) 2396
Bronchopulmonary dysplasia (8) 3515
Chronic lung disease (5) 3179
Mortdlity (10) 4588
Chronic lung disease or death 2565

-0.04 [-0.06, -0.03] 0.63 [0.53, 0.75]
-0.01 [-0.04, 0.02] 0.98 [0.91, 1.06]

0.0 [-0.02, 0.02] 1.00 [0.90, 1.12]
0.03 [0.00, 0.06] 1.09 [1.00, 1.19]
0.01 [-0.01, 0.03] 1.08 [0.92, 1.28]
-0.03 [-0.07, 0.01] 0.95 [0.88, 1.01]
0.01 [-0.02, 0.04] 1.02 [0.93, 1.11]
0.00 [-0.03, 0.03] 1.01 [0.90, 1.12]
-0.02 [-0.05, 0.00] 0.86 [0.76, 0.98]
-0.01 [-0.05, 0.03] 0.98 [0.90, 1.06]

From: Soll R F, Blanco F. Natural surfactant extract versus synthetic surfactant for neonatal respiratory distress syndrome. Cochrane Database Syst Rev

2001; (2):CD000144.
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any evidence to establish the superiority of one or more
natural surfactant products over others. Two randomised
trials have compared the efficacy and adverse effects of
different natural surfactant products. In a comparison of
beractant (Survanta) and calf lung surfactant extract
(Infasurf),’ therewereno differencesdetected between the
two groups in the frequency of air leaks, complications
associated with dosing, complications of prematurity,
mortality or survival without chroniclung disease. However,
some differenceswere noted among sub-groups of infants.
Among infants treated for established RDS, those who
received calf lung surfactant extract had a significantly
longer interval between doses, a lower inspired oxygen
concentration and alower mean airway pressureinthefirst
48 hoursof lifethan infantstreated with beractant. Among
infantsinwhom these surfactantswere usedinapreventive
strategy, mortality ininfantswith abirth weight <600 gwas
significantly higher with calf lung surfactant extract than
with beractant. In another small unblinded trial comparing
poractant and beractant,” infants treated with poractant
had amorerapid improvement in oxygenation and reduced
ventilator requirements up to 24 hours after the start of
treatment compared to infants treated with beractant. This
trial did not have enough power to detect true differences
inimportant clinical outcomes between the two groups. In
addition, theapparent superiority of poractant over beractant
has two aternative explanations — the tria investigators
were more experienced with poractant than beractant and
a higher dose of phospholipids was used with poractant
(200 mg/kg) than with beractant (100 mg/kg).

Timing Of Surfactant Administration

Prophylactic versus ‘Rescue’ Surfactant Administration

Therationalefor prophylacticadministration of surfactant
isprovided by theobservationthat inanimal studies, amore
uniform and homogenous distribution of surfactant is
achieved whenitisadministeredinto afluid-filled lung™®™
and by the belief that administration of surfactant into a
previously unventilated or minimally ventilated lung will
diminish acute lung injury. In animal models, even brief
(15 to 30 minutes) periods of mechanical ventilation prior
to surfactant administration have been shown to cause
acute lung injury resulting in aveolar-capillary damage,
leakage of proteinaceous fluid into the alveolar space and
release of inflammatory mediators® and to decrease the
subsequent responseto surfactant replacement.® Surfactant-
deficient animals, which receive assisted ventilation,
develop necrosis and desquamation of the bronchiolar
epitheliumasearly as5 minutesafter onset of ventilation.

Eight randomised controlled trials compared the effects
of prophylactic surfactant administration to surfactant
treatment of established RDS.&% All these trials used
natural surfactant preparations. Prophylactic surfactant
was administered at different times but before 15 minutes
of age. Theresults of the meta-analysis of thesetrialsfrom
asystematicreview® aresummarisedin Tablell. Compared
to surfactant treatment of established RDS, prophylactic
administration of surfactant resulted in a decrease in the
risk of pneumothorax (pooled RR 0.62, 95% CI 0.42,0.89;
pooled ARD -2%, 95% CI -4%, -1%), adecreaseintherisk
of pulmonary interstitial emphysema (pooled RR 0.54,

TABLEII: META-ANALYSIS OF 8 RANDOMISED TRIALS COMPARING PROPHYLACTIC AND RESCUE TREATMENT WITH NATURAL

SURFACTANT

Outcome (No. of trials)

No. of participants  Pooled risk difference [95% Cl] Pooled relative risk [95% ClI]

Pneumothorax (6)

Pulmonary interstitial emphysema (5)

Necrotising enterocolitis (5)

Patent ductus arteriosus (6)

Intraventricular haemorrhage (7)

Severe intraventricular haemorrhage (7)
Bronchopulmonary dysplasia (8)

Neonatal mortality (7)

Mortality prior to hospital discharge (5)
Bronchopulmonary dysplasia or death (8)
Retinopathy of prematurity (4)

Retinopathy of prematurity, stage 2-4 (2)

Neonatal mortality in infants <30 weeks' gestation (7)
Bronchopulmonary dysplasia or death in infants <30 weeks' gestation (8)

2515 -0.02 [-0.04, -0.01] 0.62 [0.42, 0.89]
2037 -0.03 [-0.04, -0.01] 0.54 [0.36, 0.82]
2368 0 [-0.02, 0.02] 1.01 [0.73, 1.40]
2515 -0.01 [-0.04, 0.02] 0.96 [0.85, 1.09]
2508 -0.03 [-0.06, 0.01] 0.92 [0.82, 1.03]
2508 -0.02 [-0.04, 0.01] 0.84 [0.66, 1.06]
2816 -0.01 [-0.03, 0.02] 0.96 [0.82, 1.12]
2613 -0.05 [-0.07, -0.02] 0.61 [0.48, 0.77]
1207 -0.05 [-0.09, -0.01] 0.75 [0.59, 0.96]
2816 -0.04 [-0.07, -0.01] 0.85 [0.76, 0.95]
1919 0.00 [-0.01, 0.02] 1.09 [0.72, 1.66]
390 0.00 [-0.05, 0.05] 0.97 [0.45, 2.10]
1822 -0.06 [-0.09, -0.03] 0.62 [0.49, 0.78]
2025 -0.05 [-0.09, -0.01] 0.87 [0.77, 0.97]

From: Soll R F, Morley C J. Prophylactic versus selective use of surfactant in preventing morbidity and mortality in preterm infants. Cochrane Database

Syst Rev 2001; (2):CD000510.
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95% Cl 0.36,0.82; pooled ARD -3%, 95% Cl -4%,-1%), a
reductionintherisk of neonatal mortality (pooled RR 0.61,
95% CI 0.48, 0.77; pooled ARD -5%, 95% Cl -7%, -2%)
and atrend towardsadecreasein therisk of intraventricular
haemorrhage (pooled RR 0.92, 95% CI 0.82,1.03; pooled
ARD -3%, 95% CI -6%, 1%). Because of the greater risk
of RDS and mortality with decreasing gestational age, the
benefits of prophylactic administration compared to
selective administration were of greater magnitude. The
meta-analysis demonstrates that compared to selective
administration, prophylactic administration of natural
surfactant to infants less than 30 weeks gestation resulted
inareduction in neonatal mortality (pooled RR 0.62, 95%
Cl 0.49, 0.78; pooled ARD -6%, 95% CI -9%, -3%) and a
reduction in the combined outcome of bronchopulmonary
dysplasia or death (pooled RR 0.87,95% CI 0.77,0.97;
pooled ARD -5%, 95% CI -9%, -1%). Thesefindingshave
to be interpreted in light of the fact that the mean time of
administrationof surfactantinthesel ectivetreatment groups
ranged from 1.5 to 7.4 hours. Furthermore, the use of
antenatal steroids during the period when thesetrialswere
conducted was not as high asit is currently. Therefore the
magnitude of effect of prophylactic surfactant in current
practice may not be as high asit wasin the original trials.
Randomised trials to compare the effects of prophylactic
surfactant administration to very early selective
administration, for example at 30 to 60 minutes of life are
required.

Two studiescompared thelong-term outcomesof infants
treated with prophylactic surfactant to those treated with a
‘rescue’ strategy. In one, there were no differences at
school-ageinneurodevel opmental outcomeor intheresults
of pulmonary function testing between the two groups,

athough infants who had received prophylactic surfactant
showed fewer clinical pulmonary problemsthan those that
received rescue treatment.®? In the second study, in which
there was significant loss of infants to follow-up (and
therefore a high likelihood of attrition bias), the mean
scores on the Bayley scales of Infant Development at 12
months adjusted age were higher in the rescue group than
in the prophylactic group.*

Thebenefitsof prophylacticsurfactant haveto beweighed
against the fact that surfactant prophylaxis results in the
treatment of certain infants who do not have RDS (and
thereforedo not require surfactant). A prophylaxisstrategy
for a given category of infants will aso result in the
intubation of certaininfantswho would have otherwise not
been intubated. At what point do the potential benefits of
decreased mortality, decreased pneumothorax and
decreased lung injury from prophylactic surfactant exceed
the potential risks of endotracheal intubation and the costs
of surfactant dosingtoinfantswho would not haverequired
it? Webelievethat, based on the evidence, thisthresholdis
around 30 weeks gestation. Others have proposed a
gestation of 29 weeks**or 28 weeks.®

Preventilatory versus Post-ventilatory Prophylactic
Surfactant Administration

Initial studies, using prophylacticsurfactant, administered
the drug as an immediate bolus after intubating the infants
rapidly after birth (i.e., “before the first breath”). This
approach delays the initiation of neonatal resuscitation,
including positive pressure ventilation, and is associated
with arisk for surfactant delivery into the right main stem
bronchus or oesophagus. Based on arandomised trial that
showed that prophylaxis may be administered in small

TABLEIII: META-ANALY SISOF 4 RANDOMISED TRIALSCOMPARING EARLY AND DELAYED SELECTIVE SURFACTANT TREATMENT

Outcome (No. of trials) No. of participants

Pooled risk difference [95% Cl] Pooled relative risk [95% Cl]

Pneumothorax (3) 3427
Patent ductus arteriosus (4) 3459
Pulmonary interstitial emphysema (2) 737
Pulmonary haemorrhage (2) 3007
Necrotising enterocaolitis (3) 3427
Retinopathy of prematurity stage 3 or greater (2) 3007
Intraventricular haemorrhage (any) (1) 32

Intraventricular haemorrhage (severe) (2) 3007
Bronchopulmonary dysplasia (3) 3039
Chronic lung disease (2) 3007
Neonatal mortality (4) 3459
BPD or death at 28 days (3) 3039
Chronic lung disease or death (2) 3007
Mortality at discharge (3) 3039

-0.05 [-0.08, -0.03] 0.70 [0.59, 0.82]

0.01 [-0.02, 0.04] 1.03 [0.92, 1.15]
-0.06 [-0.1, -0.01] 0.63 [0.43, 0.93]
-0.0 [-0.02, 0.02] 0.99 [0.73, 1.34]

0.00 [-0.01, 0.02]
0.00 [-0.01, 0.01]
0.0 [-0.30, 0.3]
-0.01 [-0.03, 0.02]
-0.01 [-0.05, 0.02]
-0.03 [-0.05, -0.01]
-0.03 [-0.06, -0.00]

1.08 [0.77, 1.51]
1.06 [0.58, 1.91]
1.00 [0.30, 3.32]
0.97 [0.83, 1.14]
0.97 [0.88, 1.06]
0.70 [0.55, 0.88]
0.87 [0.77, 0.99]

-0.04 [-0.07, -0.0] 0.94 [0.88, 1.00]
-0.06 [-0.09, -0.03] 0.84 [0.75, 0.93]
-0.03 [-0.06, 0.0] 0.90 [0.79, 1.01]

From: Yost C C, Soll R F. Early versus delayed selective surfactant treatment for neonatal respiratory distress syndrome. Cochrane Database Syst Rev 2000;

(2):CD001456.
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aliquots soon after resuscitation and confirmation of
endotracheal tube position, with equivalent or greater
efficacy than “first breath” administration,® prophylactic
surfactant should be administered after initial resuscitation
and stabilisation of theinfant at birth. Administration prior
to the “first breath” is unnecessary.

Early versus Late Treatment of Established RDS

In preterminfantswho do not receive prophylaxis, many
of thesameargumentsin support of prophylactic surfactant
administration are also supportive of early surfactant
treatment of established RDS. Four randomised controlled
tria 1% have evaluated early versus delayed selective
surfactant administration. The results of these trials have
been summarised in a systematic review.®® Early
administration of surfactant, in these trials, consisted of
administration of thefirst dose of surfactant within thefirst
30 minutes, within the first hour or within thefirst 2 hours
of life. Two of these studies used natural surfactants and
two used synthetic surfactant. The results of the meta-
anaysisof thesestudiesaresummarisedin Tablelll. Early
selective treatment resulted in a decrease in the risk of
pneumothorax (pooled RR 0.70, 95% CI 0.59,0.82; pooled
ARD -5%, 95% CI -8%, -3%), a decrease in the risk of
pulmonary interstitial emphysema (pooled RR 0.63, 95%
Cl 0.43,0.93; pooled ARD -6%, 95% CI -10%, -1%), a
decrease in the risk of chronic lung disease (requirement
for supplemental oxygen at 36 weeks' gestation), pooled
RR 0.70, 95% CI 0.55, 0.88; pooled ARD -3%, 95% ClI -
5%, -1%) and a decrease in the risk of neonatal mortality
(pooled RR 0.87, 95% CI 0.77,0.99; pooled ARD -3%,
95% CI -6%, 0%). Thereforein preterminfantswho do not
receive prophylactic surfactant, thefirst dose of surfactant
should beadministered asearly aspossible. Outborninfants
are at highest risk of delayed administration. Tertiary
referral units accepting outborn infants should attempt to
develop systemsto ensure the administration of surfactant
asearly aspossibletotheseinfants, either by thetransporting
team or, if appropriate, by the referring hospital. Ininborn
infants, delaysin administration of surfactant occur if other
admission proceduressuchasumbilical catheter placement,
chest radiographs and nursing procedures are allowed to
take precedence over surfactant dosing soon after birth.
Surfactant administration should be given priority over
other admission procedures.

Repeated Administration of Surfactant

Sngle versus Multiple Doses of Surfactant

Many of the initial trials of surfactant therapy tested a
singledoseof surfactant. However, surfactant may become
rapidly metabolised and functional inactivation of surfactant
can result from the action of soluble proteins and other

factorsin the small airways and alveoli.® Multiple doses
of surfactant are thought to be useful because they can
overcomesuchinactivation. Theresultsof two randomised
controlled trial sthat compared multipledosing regimensto
single dose regimens of natural surfactant extract for
treatment of established RDS'%%°* have been evaluated in
a systematic review.% Approximately 70% of the infants
randomised to the multiple dose regimen received multiple
doses. The meta-analysis supports a decreased risk of
pneumothorax associated with multiple dose surfactant
therapy (pooled RR 0.51, 95% CI 0.30,0.88; pooled ARD
-9%, 95% CI -15%, -2%). There was also atrend towards
decreased mortality (pooled RR 0.63, 95% CI 0.39, 1.02;
pooled ARD -7%, 95% CI -14%, 0%). No differenceswere
detected in other clinical outcomes. No complications
associated with multiple dose treatment were reported in
these trials. In athird study, in which synthetic surfactant
was used in aprophylactic manner, the use of two doses of
surfactant in addition to a prophylactic dose lead to a
decrease in mortality, respiratory support, necrotising
enterocolitis and other outcomes when compared to a
single prophylactic dose.’® In the OSIRIS trial ,*® which
used synthetic surfactant, a two-dose treatment schedule
wasfoundtobeequivalenttoatreatment schedulepermitting
up to four doses of surfactant.

Criteria for Repeat Doses of Surfactant

The use of a higher threshold for retreatment with
surfactant appearsto be as effective asalow threshold and
can lead to significant savings in costs of the drug. The
criteria for administration of repeat doses of surfactant
have been addressed by two studies, both of which used
natural surfactant. In one study,'%” the retreatment criteria
compared were an increase in the fraction of inspired
oxygen by 0.1 over the lowest baseline value (standard
retreatment) versusasustainedincreaseof just 0.01 (libera
retreatment). There were no differences in complications
of prematurity or duration of respiratory support. However,
short-term benefitsin oxygen requirement and ventil atory
support were noted in the liberal retreatment group. In
another study,'® retreatment at a low threshold (FiO,
>30%, still requiring endotracheal intubation) wascompared
toretreatment at ahigh threshold (FiO,>40%, meanairway
pressure >7 cm H,O). Again, there were minor short-term
benefits to using a low threshold with no differences in
major clinical outcomes. However, in a sub-group of
infantswith RDS complicated by perinatal compromise or
infection, infants in the high threshold group had a trend
toward higher mortality than the low-threshold group.
Based on current evidence, it appears appropriate to use
persistent or worsening signs of RDS as criteria for
retreatment with surfactant. It is uncertain whether alow
threshold strategy should be used in certain sub-groups of
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infants or with certain preparations of surfactant.

Promoting Evidence-based Surfactant Practice in
Preterm Infants

In spite of the evidence demonstrating that prophylactic
surfactant admini stration hasadvantagesover later, selective
administration and that administration of surfactant before
2 hours of life is better than after 2 hours, data from the
Vermont Oxford Network show agap betweentheevidence
and the practice. An analysis of data for nearly 29,000
infants23to 29 weeksgestationfrom 296 neonatal intensive
care unitsin 1998 and 1999'° reveal ed that thefirst dose of
surfactant was given at amedian of 53 minutes after birth.
Of thosegiven surfactant, thefirst dosewasgivenwithin 15
minutes of birthin only 25% and over 2 hoursin 24%. Ten
per cent of infantswerefirst treated more than 225 minutes
after birth. Outborn infants were treated |ater than inborn
infants(median time 83 versus45 minutes). Thetimeof the
first dose varied markedly among hospitals.

Horbar et al*'° recently conducted a cluster-randomised
trial, with hospitals as the units of intervention, to test the
efficacy of a multi-faceted intervention intended to close
this gap in surfactant practice. This multi-faceted
intervention consisted of individualised feedback toNICUs
on thetiming of surfactant administration in their units. A
specia workshop providedtraininginquality improvement
methodsand teamswereexposed tothe Cochranesystematic
reviewsonsurfactant; ongoing support from project faculty
wasthroughanemail discussionlist and periodicconference
cals. Inthistrial, infantsat intervention hospitalsreceived
their first dose of surfactant sooner after birth than thosein
control hospitals(median: 21 versus 78 minutes, P <0.001),
weremore likely to receive their first dose of surfactant in
the delivery room (54.7% versus 18.2%, P <0.001), and
were less likely to receive it more than 2 hours after birth
(9.4% versus 24.8%, P <0.001). This trial suggests that
further improvements in outcomes of surfactant therapy
may not result just from improvements in the types of
surfactant used. | nstead, they may result fromimprovements
in the process and methods of surfactant usage within
neonatal units and from the promotion of evidence-based
surfactant therapy in neonatal units where surfactant
practices are sub-optimal.

Exogenous Surfactant Therapy for Conditions Other
Than RDS

Meconium Aspiration Syndrome (MAS)
Invitrostudiest**andanimal studies!*?havedemonstrated
that meconium inhibits surfactant function andislikely to
be partially responsible for aveolar collapse in MAS.
Components of meconium that may contribute to altered
surfactant function include proteolytic enzymes, free fatty
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acids, phospholipases, hile salts, blood, lanugo, squamous
cells, bilirubin, proteins, steroid compounds, cholesterol
and triglycerides.’*®* Exogenous surfactant treatment of
human neonateswith M A Shas been reported in afew non-
controlled studies.****7 A randomised tria, in infants <34
weeks' gestation with severe respiratory failure on
extracorporeal membraneoxygenation (ECMO) (including
infants with MAS), showed that infants treated with
beractant (Survanta) had improved lung function, ashorter
durationof ECM O andfewer complicationsafter ECMO.118

A systematic review of two randomised controlled
trials!%1? evaluated the effect of beractant (Survanta)
administration in term infants with MAS.*?* In onetrial ,**°
infantstreated with surfactant had afewer pneumothoraces
(RR 0.09, 95% CI 0.01, 1.54, ARD -25%, 95% CI -45%, -
5%), improved oxygenation and shorter durations of
ventilation and hospitalisation. Both trials reported a
decrease in the number of infants receiving ECMO. A
meta-analysisof thesetrial ssupportsasignificant reduction
in the risk of requiring ECMO (pooled RR 0.64, 95% ClI
0.46, 0.91 pooled ARD -17%, 95% CI -30%, -4%). No
difference was noted in overall mortality (pooled RR 1.86
95% CI 0.35, 9.89, pooled ARD 2% 95% Cl -3%, 7%).

In conclusion, the use of exogenous surfactant therapy in
infantswith severe MASislikely tobebeneficial . Multiple
doses are usualy required in such infants. Only natural
surfactants have been tested in human clinical trialsin this
setting andtheefficacy of synthetic surfactantsisunknown.
Each dose should be administered cautiously, with close
cardio-respiratory and oxygen saturation monitoring, in
case pre-existing airway obstruction from meconium is
aggravated by surfactant. Treatment of MAS by lavage
with surfactant instead of bolus administration has been
tried in animal model s°12124 and human infants'?*# andis
promising, but requires further research before it can be
recommended. .

Other Neonatal Respiratory Disorders

There are anecdotal reports or case series of the use of
exogenous surfactant therapy in human infants for the
management of pulmonary haemorrhage,?® neonatal
pneumonia,*?1*and congenital diaphragmatic hernia 3%
However, the efficacy of surfactant in these conditionsis
uncertain and its routine use in these conditions cannot be
recommended. Because exogenous surfactant therapy is
successful in the treatment of neonatal RDS, it has been
proposed as atreatment for patients with acute lung injury
and the acute RDS (ARDS). ARDS has been reported to
occur interm neonates. 3 Thereareno randomisedtrials
of exogenous surfactant therapy specifically for ARDSIn
neonates. However, itisoftendifficulttoreliably distinguish
ARDSfrom RDS dueto surfactant deficiency. Because of
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this, and based on the pathophysiologic, clinical and
radiologic similarities between the two conditions, we
believethatitisreasonableto provideexogenoussurfactant
therapy to term infants with aclinico-radiol ogic picture of
ARDS (severe respiratory failure with pulmonary
opacification and air bronchograms on chest radiographs).

Conclusions

With exogenous surfactant therapy there has been a
significant advance in the management of preterm infants
with RDS and has become established asastandard for the
management of such infants. Both natural and synthetic
surfactants lead to clinical improvement and decreased
mortality, with natural surfactants having additional
advantages over synthetic surfactants. The use of
prophylactic surfactant, administered after initial
stabilisation at birth, to infantsat risk for RDS has benefits
over ‘rescue’ surfactant giventotreatinfantswith established
RDS. In infants who do not receive prophylaxis, earlier
treatment (before 2 hours) hasbenefitsover later treatment.
Theuseof multipledosesof surfactantisasuperior strategy
to the use of asingle dose and the use of ahigher threshold
for retreatment appearsto beaseffectiveasalow threshold.
Adverse effects of surfactant therapy are infrequent and
usually not serious and the results of long-term follow-up
of surfactant-treated neonatesarereassuring. Inadditionto
its role in the management of RDS, exogenous surfactant
therapy may havearoleinthemanagement of MASaswell.
Its role in the management of other neonatal respiratory
disorders requires further investigation. The development
and testing of new types of surfactants is in progress.
Further research is also required on the optimal use of
surfactant in conjunction with other respiratory
interventions.

REFERENCES

1. WisemanlL R, BrysonH M. Porcine-derived lung surfactant. A review
of thetherapeutic efficacy and clinical tolerability of anatural surfactant
preparation (Curosurf) in neonatal respiratory distress syndrome
[published erratum appearsin Drugs 1995; 49:70]. Drugs 1994; 48:386-
403.

2. Kattwinkel J. Surfactant. Evolving issues. Clin Perinatol 1998; 25:
17-32.

3. Raobertson B, Haliday H L. Principles of surfactant replacement.
Biochim Biophys Acta 1998; 1408:346-61.

4. Cochrane C G, Revak S D, Merritt T A, Heldt G P, Hallman M,
Cunningham M D, et a. The efficacy and safety of KL4-surfactant in
preterm infants with respiratory distress syndrome. Am J Respir Crit
Care Med 1996; 153:404-10.

5. Cochrane C G, Revak SD, Merritt T A, Schraufstatter | U, Hoch R C,
Henderson C, et a. Bronchoalveolar lavage with KL4-surfactant in
models of meconium aspiration syndrome. Pediatr Res 1998; 44:
705-15.

6. SpraggRG, SmithRM, HarrisK, LewisJ, Hafner D, Germann P. Effect

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

of recombinant SP-C surfactant in aporcine lavage model of acute lung
injury. J Appl Physiol 2000; 88:674-81.

Hafner D, Germann P G, Hauschke D, Kilian U. Effects of early
treatment with rSP-C surfactant on oxygenation and histology in rats
with acute lung injury. Pulm Pharmacol Ther 1999; 12:193-201.
Bhat R, Dziedzic K, Bhutani V K, Vidyasagar D. Effect of single dose
surfactant on pulmonary function. Crit Care Med 1990; 18:590-5.
Bhutani V K, Abbasi S, Long W A, Gerdes J S. Pulmonary mechanics
and energeticsin preterm infantswho had respiratory distress syndrome
treated with synthetic surfactant. J Pediatr 1992; 120:S18-S24.
Couser R J, FerraraT B, Ebert J, HoekstraR E, Fangman JJ. Effects of
exogenoussurfactant therapy on dynamiccomplianceduring mechanical
breathing in preterm infants with hyaline membrane disease. J Pediatr
1990; 116:119-24.

Billman D, NicksJ, Schumacher R. Exosurf rescue surfactant improves
high ventilation-perfusion mismatch in respiratory distress syndrome.
Pediatr Pulmonol 1994; 18:279-83.

Bowen W, Martin C R, Krauss A N, Auld P A. Ventilation-perfusion
relationships in preterm infants after surfactant treatment. Pediatr
Pulmonol 1994; 18:155-62.

Sandberg K L, Lindstrom D P, Sjogvist B A, Parker R A, Cotton R B.
Surfactant replacement therapy improves ventilation inhomogeneity in
infants with respiratory distress syndrome. Pediatr Pulmonol 1997,
24:337-43.

Alexander J, Milner A D. Lung volume and pulmonary blood flow
measurements following exogenous surfactant. Eur J Pediatr 1995;
154:392-7.

BloomM C, Roques-GinesteM, FriesF, Lelong-Tissier M C. Pulmonary
haemodynamics after surfactant replacement in severe neonatal
respiratory distress syndrome. Arch Dis Child Fetal Neonatal Ed 1995;
73:F95-F98.

Halliday H L, McCord F B, McClure B G, Reid M M. Acute effects of
instillation of surfactant in severe respiratory distress syndrome. Arch
Dis Child 1989; 64:13-6.

Hamdan A H, Shaw N J. Changesin pulmonary artery pressureininfants
with respiratory distress syndrome following treatment with Exosurf.
Arch Dis Child Fetal Neonatal Ed 1995; 72:F176-F179.

Hamdan A H, Shaw N J. Changesin pulmonary artery pressure during
the acute phase of respiratory distress syndrome treated with three
different types of surfactant. Pediatr Pulmonol 1998; 25:191-5.
Kaapa P, Seppanen M, Kero P, Saraste M. Pulmonary hemodynamics
after synthetic surfactant replacement in neonatal respiratory distress
syndrome. J Pediatr 1993; 123:115-9.

Seppanen M, Kaapa P, Kero P. Acute effects of synthetic surfactant
replacement on pulmonary blood flow in neonatal respiratory distress
syndrome. Am J Perinatol 1994; 11:382-5.

Bick U, Muller-Leisse C, Troger J, Jorch G, Roos N, Meyer Z, et al.
Therapeutic use of surfactant in neonatal respiratory distress syndrome.
Correlation between pulmonary X-ray changesand clinical data. Pediatr
Radiol 1992; 22:169-73.

ClarkeEA, SiegleR L, Gong A K. Findings on chest radiographs after
prophylactic pulmonary surfactant treatment of premature infants. Am
J Roentgenol 1989; 153:799-802.

Dinger J, Schwarze R, Rupprecht E. Radiological changes after
therapeuticuseof surfactantininfantswithrespiratory distresssyndrome.
Pediatr Radiol 1997; 27:26-31.

Slama M, Andre C, Huon C, Antoun H, Adamsbaum C. Radiological
analysis of hyaline membrane disease after exogenous surfactant
treatment. Pediatr Radiol 1999; 29:56-60.

Soll RF, Horbar JD, GriscomN T, BarthR A, Lucey JF, TaeuschH W.
Radiographic findings associated with surfactant treatment. Am J
Perinatol 1991; 8:114-8.

Soll R F. Surfactant treatment of the very preterm infant. Biol Neonate
1998; 74(Suppl 1):35-42.

Soll R F. Synthetic surfactant for respiratory distress syndrome in
preterm infants. Cochrane Database Syst Rev 2000; (2):CD001149.

Annals Academy of Medicine



28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

45.

46.

47.

Exogenous Surfactant Therapy in Newborn Infants—G K Suresh & RF Soll 343

Soll RF. Prophylactic synthetic surfactant for preventing morbidity and
mortality in preterm infants. Cochrane Database Syst Rev 2000;
(2):CD001079.

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

HamvasA, WisePH, Yang RK, Wampler N S, Noguchi A, Maurer M
M, et al. Theinfluence of thewider use of surfactant therapy on neonatal
mortality among blacks and whites. N Engl J Med 1996; 334:1635-40.
Horbar JD, Wright E C, Onstad L. Decreasing mortality associated with
theintroduction of surfactant therapy: an observational study of neonates
weighing 601 to 1300 grams at birth. Pediatrics 1993; 92:191-6.
LeeK, Khoshnood B, Wall SN, Chang Y, HsiehH L, Singh JK. Trend
in mortality from respiratory distress syndrome in the United States,
1970-1995. J Pediatr 1999; 134:434-40.

SchwartzRM, Luby A M, ScanlonJW, Kellogg R J. Effect of surfactant
on morbidity, mortality, and resource use in newborn infants weighing
500 to 1500 g. N Engl J Med 1994; 330:1476-80.

Ranganathan D, Wall S, Khoshnood B, Singh J K, Lee K S. Racia
differences in respiratory-related neonatal mortality among very low
birth weight infants. J Pediatr 2000; 136:454-9.

Corbet A, Long W, Schumacher R, Gerdes J, Cotton R. Double-blind
developmental evaluation at 1-year corrected age of 597 premature
infants with birth weights from 500 to 1350 grams enrolled in three
placebo-controlled trialsof prophylactic synthetic surfactant. American
Exosurf Neonatal Study Group I. J Pediatr 1995; 126:S5-12.
Courtney SE, Long W, McMillan D, Walter D, Thompson T, SauveR,
et al. Double-blind 1-year follow-up of 1540 infants with respiratory
distress syndrome randomized to rescue treatment with two doses of
synthetic surfactant or air in four clinica trials. J Pediatr 1995; 126:
$43-S52.

Morley C J, Morley R. Follow up of premature babies treated with
artificia surfactant (ALEC). Arch Dis Child 1990; 65:667-9.
DunnM S, Shennan A T, Hoskins E M, Lennox K, Enhorning G. Two-
year follow-up of infants enrolled in a randomized trial of surfactant
replacement therapy for prevention of neonatal respiratory distress
syndrome. Pediatrics 1988; 82:543-7.

Ferrara T B, Hoekstra R E, Couser R J, Jackson J C, Anderson C L,
MyersTF, et al. Effectsof surfactant therapy on outcomeof infantswith
birth weights of 600 to 750 grams. J Pediatr 1991; 119:455-7.
HoekstraR E, FerraraT B, Payne N R. Effects of surfactant therapy on
outcome of extremely premature infants. Eur J Pediatr 1994; 153(9
Suppl 2):S12-S16.

Robertson B, Curstedt T, Tubman R, Strayer D, Berggren P, Kok J, et
a. A 2-year follow up of babiesenrolled in aEuropean multicentretrial
of porcinesurfactant replacement for severeneonatal respiratory distress
syndrome. Collaborative European Multicentre Study Group. Eur J
Pediatr 1992; 151:372-6.

Wagner CL, Kramer B M, Kendig JW, Brooks JG, Cox C, Wagner M
T, et a. School-age follow-up of a single-dose prophylactic surfactant
cohort. J Dev Behav Pediatr 1995; 16:327-32.

Ware J, Taeusch H W, Soll R F, McCormick M C. Heath and
developmental outcomes of a surfactant controlled trial: follow-up at 2
years[published erratum appearsin Pediatrics 1991; 87:412]. Pediatrics
1990; 85:1103-7.

SinnJK, Ward M C, Henderson-Smart D J. Developmental outcome of
preterminfantsafter surfactant therapy: systematicreview of randomized
controlled trials. J Paediatr Child Health 2002; 38:597-600.

Abbasi S,Bhutani V K, GerdesJS. Long-term pulmonary consequences
of respiratory distresssyndromein preterminfantstreated withexogenous
surfactant. J Pediatr 1993; 122:446-52.

Pelkonen A S, Hakulinen A L, Turpeinen M, Hallman M. Effect of
neonatal surfactant therapy on lung function at school age in children
born very preterm. Pediatr Pulmonol 1998; 25:182-90.

Y uksel B, Greenough A, Gamsu H R. Respiratory function at follow-up
after neonatal surfactant replacement therapy. Respir Med 1993; 87:

May 2003, Vol. 32 No. 3

48.

49.

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

217-21.

Couser RJ, FerraraT B, Wheeler W, McNamaraJ, Falde B, Johnson K,
et al. Pulmonary follow-up 2.5 years after a randomized, controlled,
multiple dose bovine surfactant study of preterm newborn infants.
Pediatr Pulmonol 1993; 15:163-7.

Gappa M, Berner M M, Hohenschild S, Dammann C E, Bartmann P.
Pulmonary function at school-agein surfactant-treated preterm infants.
Pediatr Pulmonol 1999; 27:191-8.

Walti H, Boule M, Moriette G, Relier J P. Pulmonary functional
outcome at one year of age in infants treated with natural porcine
surfactant at birth. Biol Neonate 1992; 61(Suppl 1):48-53.

Liechty E A, Donovan E, Purohit D, Gilhooly J, Feldman B, Noguchi
A, et a. Reduction of neonatal mortality after multiple doses of bovine
surfactantinlow birthweight neonateswithrespiratory distresssyndrome.
Pediatrics 1991; 88:19-28.

Zola E M, Overbach A M, Gunkel J H, Mitchell B R, Nagle B T,
DeMarco N G, et a. Treatment Investigational New Drug experience
with Survanta (beractant). Pediatrics 1993; 91:546-51.
Hellstrom-WestasL, Bell A H, Skov L, Greisen G, Svenningsen N W.
Cerebroelectrical depression following surfactant treatment in preterm
neonates. Pediatrics 1992; 89:643-7.

Skov L, Hellstrom-WestasL , Jacobsen T, Greisen G, Svenningsen N W.
Acute changes in cerebral oxygenation and cerebral blood volume in
preterm infants during surfactant treatment. Neuropediatrics 1992;
23:126-30.

Skov L, Bell A, Greisen G. Surfactant administration and the cerebral
circulation. Biol Neonate 1992; 61(Suppl 1):31-6.

Cowan F, Whitelaw A, Wertheim D, Silverman M. Cerebral blood flow
velocity changes after rapid administration of surfactant. Arch Dis
Child 1991; 66:1105-9.

Edwards A D, McCormick D C, Roth S C, Elwell CE, PeeblesD M,
CopeM, et al. Cerebral hemodynamic effectsof treatment with modified
natural surfactant investigated by near infrared spectroscopy. Pediatr
Res 1992; 32:532-6.

Murdoch E, Kempley S T. Randomized trial examining cerebral
haemodynamicsfollowing artificial or animal surfactant. ActaPaediatr
1998; 87:411-5.

Raju T N, Langenberg P. Pulmonary hemorrhage and exogenous
surfactant therapy: a metaanalysis. J Pediatr 1993; 123:603-10.
Garland J, Buck R, Weinberg M. Pulmonary hemorrhagerisk ininfants
with a clinically diagnosed patent ductus arteriosus: a retrospective
cohort study. Pediatrics 1994; 94:719-23.

Findlay RD, TaeuschH W, David-CuR, Walther F J. Lysisof red blood
cellsandalveolar epithelial toxicity by therapeutic pulmonary surfactants.
Pediatr Res 1995; 37:26-30.

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

Ainsworth SB, Beresford M W, Milligan D W, Shaw N J, Matthews J
N, Fenton A C, et a. Pumactant and poractant afa for treatment of
respiratory distresssyndromeinneonateshorn at 25-29weeks' gestation:
a randomised trial [published erratum appears in Lancet 2000;
356(9229):600]. Lancet 2000; 355(9213):1387-92.

Alvarado M, Hingre R, Hakason D, Gross S. Clinical trial of Survanta
versus Exosurf in infants <1500 g with respiratory distress syndrome.
Pediatr Res 1993; 33:314A.

daCostaD E, Pai M G, Al Khusaiby SM. Comparativetrial of artificial
and natural surfactantsin the treatment of respiratory distress syndrome
of prematurity: experiences in adeveloping country. Pediatr Pulmonol
1999; 27:312-7.

Horbar JD, Wright L L, Soll R F, Wright E C, Fanaroff A A, Korones
SB, etal. A multicenter randomized trial comparing two surfactantsfor
thetreatment of neonatal respiratory distress syndrome. J Pediatr 1993;
123:757-66.

Hudak M L, Farrell EE, Rosenberg A A, Jung A L, AutenR L, Durand
D J, et al. A multicenter randomized, masked comparisontrial of natural



344  Exogenous Surfactant Therapy in Newborn Infants—G K Suresh & R F Sl

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81

82.

83.

84.

85.

versus synthetic surfactant for the treatment of respiratory distress
syndrome. J Pediatr 1996; 128:396-406.

Hudak M L, Martin D J, Egan E A, Matteson E J, Cummings N J, Jung
A L, et d. A multicenter randomized masked comparison trial of
synthetic surfactant versus calf lung surfactant extract in the prevention
of neonatal respiratory distress syndrome. Pediatrics 1997; 100:39-50.
Kukkonen A K, Virtanen M, Jarvenpaa A L, PokelaM L, Ikonen S,
FellmanV. Randomizedtrial comparing natural and synthetic surfactant:
increased infection rate after natural surfactant? Acta Paediatr 2000;
89:556-61.

Modanlou H D, Beharry K, PadillaG, NorrisK, Safvati S, ArandaJV.
Comparative efficacy of exosurf and survanta surfactants on early
clinical course of respiratory distress syndrome and complications of
prematurity. J Perinatol 1997; 17:455-60.

Sehgal S S, Ewing C K, Richards T, Taeusch H W. Modified bovine
surfactant (Survanta) versus a protein-free surfactant (Exosurf) in the
treatment of respiratory distress syndrome in preterm infants: a pilot
study. J Natl Med Assoc 1994; 86:46-52.

Vermont-Oxford Neonatal Network. A multicenter, randomized trial
comparing synthetic surfactant with modified bovine surfactant extract
in the treatment of neonatal respiratory distress syndrome. Pediatrics
1996; 97:1-6.

Pearlman S A, Leef K H, Stefano J L, Spear M L, Esterly K L. A
randomized trial comparing Exosurf versus Survantain the treatment of
neonatal RDS. Pediatr Res 1993; 33:340A.

Choukroun M L, Llanas B, ApereH, Fayon M, GalperineR |, Guenard
H, et al. Puimonary mechanics in ventilated preterm infants with
respiratory distresssyndromeafter exogenoussurfactant administration:
a comparison between two surfactant preparations. Pediatr Pulmonol
1994; 18:273-8.

Rollins M, Jenkins J, Tubman R, Corkey C, Wilson D. Comparison of
clinical responses to natural and synthetic surfactants. J Perinat Med
1993; 21:341-7.

BloomB T, Kattwinkel J,Hall RT, DelmorePM, Egan E A, Trout JR,
et a. Comparison of Infasurf (Calf Lung Surfactant Extract) to Survanta
(Beractant) in the treatment and prevention of respiratory distress
syndrome. Pediatrics 1997; 100:31-8.

Speer C P, Gefeller O, Groneck P, Laufkotter E, Roll C, Hanssler L, et
a. Randomised clinical triad of two treatment regimens of natural
surfactant preparationsin neonatal respiratory distress syndrome. Arch
Dis Child Fetal Neonatal Ed 1995; 72:F8-13.

Seidner SR, Ikegami M, Yamada T, Rider E D, Castro R, Jobe A H.
Decreased surfactant dose-response after delayed administration to
preterm rabbits. Am J Respir Crit Care Med 1995; 152:113-20.

Jobe A, Ikegami M, Jacobs H. Surfactant and pulmonary blood flow
distributions following treatment of premature lambs with natural
surfactant. J Clin Invest 1984; 73:848-56.

Jobe A H, Ikegami M. Surfactant and acutelunginjury. Proc Assoc Am
Physicians 1998; 110:489-95.

Bjorklund L J, Ingimarsson J, Curstedt T, John J, Robertson B, Werner
O, etal. Manua ventilationwithafew largebreathsat birth compromises
thetherapeutic effect of subsequent surfactant replacement inimmature
lambs. Pediatr Res 1997; 42:348-55.

Nilsson R, Grossman G, Robertson B. Bronchiolar epithelia lesions
induced in the premature rabbit neonate by short periods of artificial
ventilation. Acta Pathol Microbiol Scand 1980; 88:359-67.
Bevilacqua G, Parmigiani S, Robertson B. Prophylaxis of respiratory
distress syndrome by treatment with modified porcine surfactant at
birth: a multicentre prospective randomized trial. J Perinat Med 1996;
24:609-20.

Bevilacqua G, Chernev T, Parmigiani S, larakovaN, Gaioni L, Volante
E, et a. Use of surfactant for prophylaxis versus rescue treatment of
respiratory distress syndrome: experience from an ltalian-Bulgarian
trial. Acta Biomed Ateneo Parmense 1997; 68(Suppl 1):47-54.

Dunn M S, Shennan A T, Zayack D, Possmayer F. Bovine surfactant
replacement therapy in neonates of less than 30 weeks' gestation: a

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101

102.

103.

randomized controlled trial of prophylaxis versus treatment. Pediatrics
1991; 87:377-86.

Egberts J, de Winter JP, Sedin G, deKleine M J, Broberger U, van Bel
F, et al. Comparison of prophylaxis and rescue treatment with Curosurf
in neonates |lessthan 30 weeks' gestation: arandomized trial. Pediatrics
1993; 92:768-774.

Kattwinkel J, BloomB T, Delmore P, DavisCL, Farrell E, FrissH, etal.
Prophylactic administration of calf lung surfactant extract is more
effectivethanearly treatment of respiratory distresssyndromeinneonates
of 29 through 32 weeks' gestation. Pediatrics 1993; 92:90-8.

Kendig JW, Notter R H, Cox C, Reubens L J, Davis JM, Maniscalco
W M, et a. A comparison of surfactant as immediate prophylaxis and
as rescue therapy in newborns of less than 30 weeks' gestation. New
Engl J Med 1991; 324:865-71.

Merritt T A, Hallman M, Berry C, Pohjavuori M, Edwards D K 111,
Jaaskelainen J, et al. Randomized, placebo-controlled trial of human
surfactant given at birth versus rescue administration in very low birth
weight infants with lung immaturity. J Pediatr 1991; 118:581-94.
Walti H, Paris-Llado J, Breart G, Couchard M. Porcine surfactant
replacement therapy in newborns of 25-31 weeks gestation: a
randomized, multicentretrial of prophylaxisversusrescuewithmultiple
low doses. The French Collaborative Multicentre Study Group. Acta
Paediatr 1995; 84:913-21.

Soll RF, Morley C J. Prophylactic versus selective use of surfactant for
preventingmorbidity andmortality in preterminfants. CochraneDatabase
Syst Rev 2001, (2):CD000510.

SinkinRA, Kramer BM, MerzbachJL, MyersG J, BrooksJG, Palumbo
DR, etal. School-agefollow-up of prophylactic versusrescuesurfactant
trial: pulmonary, neurodevelopmental, and educational outcomes.
Pediatrics 1998; 101:E11.

Vaucher Y E, Harker L, Merritt T A, Hallman M, GistK, Bejar R, et al.
Outcome at twelve months of adjusted age in very low birth weight
infants with lung immaturity: arandomized, placebo-controlled trial of
human surfactant. J Pediatr 1993; 122:126-32.

Spafford P S, Kendig JW, Maniscalco W M. Use of natural surfactants
to prevent and treat respiratory distress syndrome. Semin Perinatol
1993; 17:285-94.

Halliday H L. Prophylactic surfactant for preterm infants. In: Cockburn
F, editor. Advancesin Perinatal Medicine, Lancaster: Parthenon Press,
1997:360-70.

Kendig JW, Ryan R M, Sinkin R A, Maniscalco W M, Notter R H,
Guillet R, et al. Comparison of two strategiesfor surfactant prophylaxis
in very premature infants: a multicenter randomized trial. Pediatrics
1998; 101:1006-12.

Gortner L, Wauer R R, Hammer H, Stock G J, Heitmann F, Reiter H L,
et a. Early versuslate surfactant treatment in preterm infants of 27 to 32
weeks' gestational age: amulticenter controlled clinical trial. Pediatrics
1998; 102:1153-60.

Konishi M, FujiwaraT, ChidaS, MaetaH, Shimada S, Kasai T, eta. A
prospective, randomized trial of early versus late administration of a
single dose of surfactant-TA. Early Hum Dev 1992; 29:275-82.
European Exosurf Study Group. Early or selectivesurfactant (colfosceril
palmitate, Exosurf) for intubated babies at 26 to 29 weeks gestation. A
European double-blind trial with sequential analysis. OnlineJCurr Clin
Trials 1992; Doc No 28.

The OSIRIS Collaborative Group. Early versus delayed neonatal
administration of a synthetic surfactant—the judgment of OSIRIS.
Lancet 1992; 340:1363-9.

Yost CC, Soll RF. Early versus delayed selective surfactant treatment
for neonatal respiratory distresssyndrome. Cochrane Database Syst Rev
2000; (2):CD001456.

Jobe A H. Pulmonary surfactant therapy. N Engl J Med 1993; 328:
861-8.

Speer C P, Robertson B, Curstedt T, Halliday H L, Compagnone D,
Gefeller O, et al. Randomized European multicenter trial of surfactant
replacement therapy for severe neonatal respiratory distress syndrome:

Annals Academy of Medicine



104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

115.

116.

117.

118.

Exogenous Surfactant Therapy in Newborn Infants—G K Suresh & R F Soll

single versus multiple doses of Curosurf. Pediatrics 1992; 89:13-20.
Dunn M S, Shennan A T, Possmayer F. Single- versus multiple-dose
surfactant replacement therapy in neonates of 30 to 36 weeks' gestation
with respiratory distress syndrome. Pediatrics 1990; 86:564-71.

Soll RF. Multipleversussingledosenatural surfactant extract for severe
neonatal respiratory distress syndrome. Cochrane Database Syst Rev
2000; (2):CD000141.

Corbet A, Gerdes J, Long W, Avila E, Puri A, Rosenberg A, et al.
Double-blind, randomized trial of one versus three prophylactic doses
of synthetic surfactant in 826 neonates weighing 700 to 1100 grams:
effects on mortality rate. J Pediatr 1995; 126:969-78.

Dunn M S, Shennan A T, Zayack D. Bovine surfactant replacement
therapy: A comparison of 2 retreatment strategies in premature infants
with RDS. Pediatr Res 1991; 29:212A.

Kattwinkel J, BloomB T, DelmoreP, Glick C, BrownD, Lopez S, et .
High- versuslow-threshol d surfactant retreatment for neonatal respiratory
distress syndrome. Pediatrics 2000; 106:282-8.

Horbar JD, Carpenter JH, BuzasJ, Soll R, Suresh G, Sinclair JC, et d.
Factors associated with the timing of the first dose of surfactant for
infants 23 to 29 weeks gestation. Pediatr Res 2002; 51:348A.

Horbar JD, Bracken M B, Buzas J, Carpenter J, Leviton L, Plsek P, et
a. Cluster randomized trial of a multifaceted intervention to promote
evidence-based surfactant therapy (PAS abstract). Pediatr Res 2003;
53:2093A.

Moses D, Holm B A, Spitale P, Liu M Y, Enhorning G. Inhibition of
pulmonary surfactant function by meconium. Am J Obstet Gynecol
1991; 164:477-81.

Sun B, Curstedt T, Robertson B. Surfactant inhibition in experimental
meconium aspiration. Acta Paediatr 1993; 82:182-9.

Wiswell T E. Expanded uses of surfactant therapy. Clin Perinatol 2001;
28:695-711.

AutenRL, Notter RH, Kendig JW, DavisJM, Shapiro D L. Surfactant
treatment of full-term newborns with respiratory failure. Pediatrics
1991; 87:101-7.

Blanke JG, Jorch G. [Surfactant therapy in severe neonatal respiratory
failure—multicenter study—I1. Surfactant therapy in 10newborninfants
with meconium aspiration syndrome.] [in German] Klin Padiatr 1993;
205:75-8.

Halliday H L, Speer C P, Robertson B. Treatment of severe meconium
aspiration syndrome with porcine surfactant. Collaborative Surfactant
Study Group. Eur J Pediatr 1996; 155:1047-51.

Khammash H, Perlman M, Wojtulewicz J, Dunn M. Surfactant therapy
in full-term neonates with severe respiratory failure. Pediatrics 1993;
92:135-9.

Lotze A, Knight GR, Martin GR, BulasD I, Hull W M, O’ Donnell R
M, et a. Improved pulmonary outcome after exogenous surfactant
therapy for respiratory failure in term infants requiring extracorporeal

119.

120.

121

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

345

membrane oxygenation. J Pediatr 1993; 122:261-8.

Findlay RD, TaeuschH W, Walther F J. Surfactant replacement therapy
for meconium aspiration syndrome. Pediatrics 1996; 97:48-52.
Lotze A, Mitchell BR, BulasD |, ZolaE M, Shalwitz R A, Gunkel JH.
Multicenter study of surfactant (beractant) usein the treatment of term
infants with severe respiratory failure. Survantain Term Infants Study
Group. J Pediatr 1998; 132:40-7.

Soll RF, Dargaville P. Surfactant for meconium aspiration syndromein
full term infants. Cochrane Database Syst Rev 2000; (2):CD002054.
ParankaM S, Walsh W F, Stancombe B B. Surfactant lavagein apiglet
model of meconium aspiration syndrome. Pediatr Res 1992; 31:625-8.
Ohama, Ogawa . Treatment of meconium aspiration syndromewith
surfactant lavage in an experimental rabbit model. Pediatr Pulmonol
1999; 28:18-23.

Ohama Y, Itakura Y, Koyama N, Eguchi H, Ogawa Y. Effect of
surfactant lavage in arabbit model of meconium aspiration syndrome.
Acta Paediatr Jpn 1994; 36:236-8.

IbaraS, Ikenoue T, Murata Y, Sakamoto H, Saito T, Nakamura Y, et al.
Management of meconium aspiration syndrome by tracheobronchial
lavage and replacement of Surfactant-TA. Acta Paediatr Jpn 1995;
37:64-7.

Lam B C, Yeung C Y. Surfactant lavage for meconium aspiration
syndrome: a pilot study. Pediatrics 1999; 103:1014-8.

Wiswell T E, Knight GR, Finer N N, Donn SM, Desai H, WalshW F,
et a. A multicenter, randomized, controlled trial comparing Surfaxin
(Lucinactant) lavage with standard care for treatment of meconium
aspiration syndrome. Pediatrics 2002; 109:1081-7.

Pandit PB, DunnM S, Colucci E A. Surfactant therapy in neonateswith
respiratory deterioration due to pulmonary hemorrhage. Pediatrics
1995; 95:32-6.

Herting E, Gefeller O, Land M, van Sonderen L, Harms K, Robertson
B. Surfactant treatment of neonates with respiratory failure and group
B streptococcal infection. Members of the Collaborative European
Multicenter Study Group. Pediatrics 2000; 106:957-64.

Robertson B. New targets for surfactant replacement therapy:
experimental and clinical aspects. Arch Dis Child Fetal Neonatal Ed
1996; 75:F1-F3.

Bos A P, Tibboel D, Hazebroek F W, Molenaar J C, Lachmann B,
Gommers D. Surfactant replacement therapy in high-risk congenital
diaphragmatic hernia [letter]. Lancet 1991; 338:1279.

LotzeA, Knight GR, AndersonK D, Hull WM, Whitsett JA, O’ Donnell
R M, et al. Surfactant (beractant) therapy for infants with congenital
diaphragmatic hernia on ECMO: evidence of persistent surfactant
deficiency. J Pediatr Surg 1994; 29:407-12.

Pfenninger J. Adult respiratory distress syndrome in newborn infants.
Crit Care Med 1993; 21(9 Suppl):S362-S363.

Faix R G, Viscardi R M, Dipietro M A, Nicks J J. Adult respiratory
distress syndrome in full-term newborns. Pediatrics 1989; 83:971-6.

May 2003, Vol. 32 No. 3



