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Surfactant treatment for premature babies-
a review of clinical trials

C J Morley

In the late 1950s it was shown that respiratory
distress syndrome was associated with a defi-
ciency of pulmonary surfactant.' In the last 10
years several different preparations of surfactant
have now been the subject of randomised con-
trolled trials.

Department of
Paediatrics,
Level 8,
Addenbrooke's Hospital,
Hills Road,
Cambridge CB2 2QQ
Correspondence to:
Dr C J Morley.

Surfactants
Surfactant TA, developed in Japan (Tokyo-
Tanabe), is extracted from homogenised cow

lungs.2' To achieve optimum physical prop-
erties, dipalmitoylphosphatidylcholine, palmi-
tic acid, and triglyceride are added. It contains
48% dipalmitoylphosphatidylcholine, 16% un-

saturated phosphatidylcholine, 4% phospha-
tidylglycerol, 4% triglyceride, 8% fatty acids,
7% cholesterol, sphingomyelin, and other lipids
and 1% apoproteins SpB and SpC. It is freeze
dried and when used 100-200 mg is sonicated
for five minutes with 3-4 ml saline.
The Japanese surfactant, modified by Abbott

laboratories, is called Survanta.79 It is a frozen
aqueous suspension of 25 mg/ml and contains
approximately 88-90% phospholipids (of which
500/o is disaturated phosphatidylcholine), 3%
triglycerides, 6% free fatty acids, 1% protein,
and 0-2% cholesterol. It is thawed before use in
a dose of 4 ml/kg.

Calf lung surfactant (CLSE) is made by
extracting surfactant from calf lungs.'1'3 It
contains 90-97% phospholipid of which 85% is
phosphatidylcholine (70% disaturated), 6%
phosphatidylglycerol, 4% phosphatidylinositol,
3% phosphatidylethanolamine, 1% sphingomye-
lin, and 5% cholesterol and cholesterol esters,
and 1% protein which is mainly low molecular
weight apoproteins SpB and SpC. It is sterilised
by flash autoclaving. Before use 90 mg are vor-
texed with 3 ml of saline.

Porcine surfactant (Curosurf, Chiesi) is ex-
tracted from minced pig lungs.'1-6 It consists
of99% lipids and 1% hydrophobic proteins with
a molecular weight less than 15 kDa. It is used
as a suspension of 80 mg/ml at 200 mg/kg.
Bovine surfactant (SF-RI l; renamed Alveo-

fact, Thomae) is extracted from cow lung
lavage, containing 990/o phospholipids and neu-
tral lipids and 1% surfactant associated,
proteins SpB and SpC.'7 It is used in a suspen-
sion of45 mg/ml.
Human surfactant is extracted from amniotic

fluid.`>20 It contains apoproteins SpA, SpB,

and SpC. It is used as 60 mg/kg suspended
saline.

In Belfast an artificial surfactant was made
from dipalmitoylphosphatidylcholine (1 g), high
density lipoprotein (4 ml), and saline, ster-
ilised by irradiation, sonicated just before use,
and given as a 3-5 ml dose into the endotracheal
tube at birth.2' This is no longer used.

Artifcial lung expanding compound (ALEC,
Pumactant, Britannia Pharmaceuticals) is made
from dipalmitoylphosphatidylcholine and un-
saturated phosphatidylglycerol in a w:w ratio of
7:3 and contains no protein.22-30 It has been
used as a powder and as a suspension of 50 to
100 mg in 1 ml cold saline.
Exosurf (Wellcome) contains dipalmitoyl-

phosphatidylcholine 108 mg, tyloxapol 8 mg,
and hexadecanol 12 mg in 10 ml saline without
protein.3' It is used as 5 ml/kg instilled into
the endotracheal tube. Although preliminary
results have been presented, there are no pub-
lished reports of clinical trials.

Clinical trials
There are now at least 15 peer reviewed papers
of controlled clinical trials. There are eight trials
of surfactant given at birth called 'prophylactic
treatment' and seven trials of surfactant given
when babies with respiratory distress syndrome
required ventilation, called 'rescue treatment'.
The basic data about the trials are shown in
tables 1 and 2.
Comparing the prophylactic and rescue trials

is not satisfactory. Not least because the rescue
trials enrol only seriously ill babies and the
prophylactic trials include all babies at risk of
developing respiratory distress syndrome. Com-
parisons between trials within prophylactic or
rescue groups are difficult because the entry cri-
teria were different. For example, in the
prophylactic trials, some randomised all babies
born below 35 weeks' gestation, and others
enrolled only babies between 25 and 29 weeks'
gestation. Some trials retrospectively excluded
babies who had mature lecithin:sphingomyelin
ratios; others included babies regardless of their
lung maturity. In the rescue trials some enrolled
babies receiving at least 60% oxygen, and others
enrolled babies receiving more than 40%
oxygen. Some trials entered all babies even if
they were compromised by asphyxia, haemor-
rhage, infection, or very prolonged rupture of
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Table I Basic data for the prophylactic trials

Author Surfactant Dose Volume Placebo Control Surfactant Inclusion Exclusion Retreatment
(mg) (ml) (n) (n) criteria criteria

(weeks'
gestation)

Enhorning CLSE 75-100 3-4 None 33 39 <30 Acute deliveries No
et al"'

Kendig et al'3 CLSE 90 3 Saline 31 34 25-29 Non-intubated No
babies

Kwong et al" CLSE 90 3 Saline 13 14 24-28 Congenital No
malforations,
steroids

Merritt et al9 Human 60 3 Air 29 31 24-29 Congenital Yes
malformations,
L:S>1 9,
PG-ve

Halliday et al2' DPPC/HDL 30 3-5 None 51 49 25-33 Congenital No
malformations,
L:S>1 9

Morley ALEC 25 Powder None 75 54 <34 Congenital No
et aF24 25 malformations

Morley ALEC 50-100 1 Saline 171 170 23-34 Congenital Yes
et aQ25 26 malformations

Ten centre27 ALEC 100 1 Saline 149 159 25-29 Congenital Yes
malformations,
not resuscitated

CLSE, calf lung surfactant; DPPC/HDL, dipalmitoylphosphatidylcholine/high density lipoprotein; ALEC, artificial lung expanding
compound; L:S, lecithin:sphingomyelin; PG-ve, phosphatidylglycerol negative.

Table 2 Basic data for the rescue trials

Author Surfactant Dose Volume Placebo Control Surfactant Birth weight Incusion criteria Time
(mglkg) (ml/kg) (n) (n) (g) (hours)

Hallman et al'5 Human 60 3 None 23 22 <1500 02>60%, MAP=8-10, <10
low L:S, PG-ve, no
sepsis

Lang et a120 Human 70 3 None 28 31 <1500 02>80%, PIP>18, no <12
sepsis, air leak, or
hydrops

Gitlin et a1P Surfactant TA 100 3-3 Saline 23 18 1000-1500 02>40%, IPPV <8
Raju et a16 Surfactant TA 100 3-3 Saline 13 17 751-1750 02>500/o, MAP=>8 <6
Collaborative'6 Curosurf 200 2-5 None 77 69 700-2000 02>60%, IPPV, no 2-15

complicating disease
Horbar et af Survanta 100 4 Air 81 78 750-1750 02>40%, IPPV, no fits, 3-6

air leak sepsis, blood
pressure normal

Horbar et al' Survanta 100 4 Air 53 53 750-1750 02>40%, IPPV, no fits, 3-6
air leak sepsis, blood
pressure normal

02, oxygen; MAP, mean airway pressure; PIP, peak inspiratory pressure; IPPV, intermittent positive pressure ventilation; all
pressures in cm H20. L:S, lecithin:sphingomyelin; PG-ve, phosphatidylglycerol negative.

the membranes, whereas others excluded such
babies, and one trial retrospectively excluded
babies thought not to have respiratory distress
syndrome. Many trials did not have sufficient
numbers to take account of important variations
factors such as birth weight, sex, mode of deliv-
ery, and antenatal factors. The European Curo-
surf trial showed that the response and effect on
mortality was considerably influenced by non-
randomised factors such as inspired oxygen con-
centration, age, birth weight, sex, and hospital
where the baby was treated. 6
The dose of surfactant used varied from 25

mg to 200 mg and the number of doses has
varied from one to four. The criteria for retreat-
ment also varied. Some trials stipulated retreat-
ment by time others by whether or not the baby
was intubated, and others by ventilator pressure
level or inspired oxygen requirements. The sur-
factants were used in varying states from pow-
der to sonicated or suspended solutions. The
volumes vary from 1 to 8 ml. Some trials used
no placebo for the controls, others used air or
equal volumes of saline. Most trials have tried to
'blind' the neonatal unit staff from whether the
baby received surfactant or was a control, others
gave the surfactant openly. For these reasons,

comparison of the different surfactant prepara-
tions and trials cannot be precise.

Outcome ofthe trials
Different outcomes have been stressed by diff-
erent trials. Some have emphasised an improve-
ment in oxygenation whereas others have used a
reduction in mortality, bronchopulmonary dys-
plasia, or periventricular haemorrhage. There
are no published data on the trials of Exosurf,
although unpublished data suggest it has benefi-
cial effects.
The major outcomes are shown in the figures

as 95% confidence intervals for the difference in
incidence between the treated and control
groups. Only the trials accurately reporting the
data are included.

MORTALITY
Mortality is a crude but important measure of
surfactant treatment. Where possible this has
been calculated for babies under 30 weeks' ges-
tation. No surfactant treatment has been
reported to increase the mortality. It is shown in
fig 1 for the prophylactic trials and fig 7 for the

446



Surfactant treatmentforpremature babies-a review ofclinical trials

ID 20

2c

.~

X -2C

E -3C

c -SC

-7C

D
D
D
D
0
D
D
0

DI
D

'4 00(Y141

C,4'4 '~ 4: ($)'4'
~ -'-I 'I

Pneumothoraces

20

-30-

20 j

-40-

-50

-10 .

-60

30Bronchopulmonary dysplasia (BPD)
-0
240 0

lo~ ~ ~ ~~~'t lt t

-20 -

-10 -

40 -

-70 -

-20

-30
-80

4, C,i I'4l
-40Y
Trials

44
4

raventricular haemorrhages (IVH)

-70'

, C,* 4' C, X 4

Patent ductus arteriosus (PDA)

40 -

30-
20

.0
0

0co

0
0.

CL4>-
c
as _

-c
C.) f t

I-10

-20
-30

I"'
C,
0>

0

-
:" ,z' , V CO

C, 4C, '4'c- ",I '-,4$0~~~~~~~~~~1

Trials

Figures 1-6 Prophylactic trials. Bars are 95% confidence intvalsfor difference in incidence between treated and control
groups. CLSE, calf lung surfactant; ALEC, artificial lung expanding compound.

rescue trials. In the rescue trials confidence
intervals are wide because of small numbers.
Only the trial of Raju et al of sufactant TA6 and
the trial of Curosurf'6 demonstrated significant
reductions in mortality. In the prophylactic
trials, there were significant reductions in mor-
tality with one trial of CLSE,'0 but not in
the other two, human surfactant,19 ALEC
powder,25 and ALEC suspension.26 27 Overall
surfactant treatment approximately halved the
mortality. This might be spuriously high
because some trials were stopped when a signifi-
cant difference in mortality was noted.

It should be appreciated that in those trials
where surfactant reduced mortality there were
more surfactant treated babies surviving to be at
risk ofother complications.

INTRAVENTRICULAR HAEMORRHAGE
Figures 2 and 8 show the effect of different sur-
factants on intraventricular haemorrhage. If

trials reported the percentage of babies with
grade 3 or 4 haemorrhages these are pre-
sented otherwise the numbers represent the
total number of intraventricular haemorrhages.
Although the trial of McCord et al with
Curosurf'5 showed a significant reduction this
was a subgroup from the European Curosurf
trial,'6 which showed no effect on intraventricu-
lar haemorrhage, even grade 3 and 4. Survanta
showed no effect in the American trial7 but a
significant increase in the European trial.8 In
the prophylactic trials, significant reductions in
brain haemorrhages were shown by one trial of
CLSE,10 ALEC suspension in the Cambridge-
Nottingham trial,26 and ALEC powder.25

PNEUMOTHORAX
The effect of the different trials is shown in figs
3 and 9. As surfactant lowers surface tension it
was orginally thought that its clinical use might
lead to overdistension of the lungs and increase
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Figures 7-12 Rescue trials. Bars are 95% confidence intervalsfor difference inincidence between treated and control groups.
STA, Surfactant TA.

the incidence of pneumothoraces. The rescue
trials all produced a reduction in pneumothor-
aces that were significant except for the Euro-
pean trial of Survanta.8 The prophylactic trials
showed a significant reduction in the incidence
of pneumothoraces in only two of the trials of
CLSE'0 13 and one trial ofALEC powder.25

PATENT DUCTUS ARTERIOSUS
In the first non-randomised trial of Fujiwara et
al patent ductus arteriosus occurred in nine out
of 10 babies and it looked as though this may be
a major side effect of surfactant treatment.2
Figures 4 and 10 show the incidence of patent
ductus arteriosus. In the rescue trials surfactant
treatment tended to increase the incidence of
patent ductus arteriosus, although this effect
was only significant in one trial of Surfactant
TA.6 The trial of Curosurf had a 57% increase
in the babies requiring surgical closure or

indomethacin treatment in the surfactant

treated group."6 In the prophylactic trials none
had a significant effect on the incidence. No
trial showed a significant reduction in patent
ductus arteriosus.

BRONCHOPULMONARY DYSPLASIA
The incidence of bronchopulmonary dysplasia
is not reported in all trials. Figures 5 and 11

show that surfactant treatment has a variable
effect on the incidence. In the rescue trials only
human surfactant showed a significant reduc-
tion in one trial. 8 In the prophylactic trials only
CLSE'0 " and ALEC25 showed a significant
reduction.

CHANGES IN OXYGENATION
All trials have shown a reduction in the oxygen

requirements. Figures 6 and 12 show the effect
of different surfactant preparations on oxygena-
tion over the first three days, presented as the
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percentage improvement caused by the surfac-
tant treatment. Although surfactant treatment
improves oxygenation the effect is only demon-
strable in most of the trials during the first few
days with little effect over seven days. All rescue
trials show a significant reduction in oxygen
requirement. In the five prophylactic trials
where this data is presented there is also a
reduction in oxygen requirements.

TIME IN OXYGEN AND RECEIVING VENTILATION
With more survivors surfactant treatment could
result in babies receiving respiratory support for
a longer time. Not all the trials give the length
of time babies received oxygen. In the trial of
Gitlin et al of Surfactant TA there was a signifi-
cant reduction in time receiving oxygen but not
in the time to extubation.5 Whereas in the trial
of Raju et al with Surfactant TA there were no
signifcant differences.6 In the trial of Curosurf
there was no significant difference in the dura-
tion of artificial ventilation.16 In the 10 centre
trial of ALEC there was a significant reduction
in the hours of ventilation and hours in more
than 30% oxygen for survivors at 10 days. In the
high dose/low dose randomised trial of Surfac-
tant TA significantly fewer of the babies receiv-
ing the high dose were ventilated for 30 days or
more.3

CHANGES IN AIRWAY PRESSURE
Not all trials show changes in ventilator press-
ure. They have shown a consistent improve-
ment during the first three days with a reduc-
tion in mean airway pressure of between 2 and 5
cm H20. Taking account of the numbers of
babies and severity of disease in the different
trials there is no significant difference in the
effect of different surfactants.

CHANGES IN COMPLIANCE OF THE RESPIRATORY
SYSTEM
Both natural surfactant and artificial surfactants
can improve thoracic compliance of premature
animals.30 31 ALEC improves the compliance of
the respiratory system in babies less than 30
weeks' gestation from 0 54 to 0 91 ml/cm H20/
kg (p<005) by six hours after prophylactic
treatment.29 This is not apparent in babies of 30
weeks or more. Couser et al in a prophylactic
trial of Survanta measured dynamic compliance
during ventilation in unparalysed babies.9 They
showed no difference in the lung compliance,
resistance, or tidal volume at one hour after
each dose compared with the controls.
However, the compliance of the surfactant tre-
ated group increased over seven days. In the
first 72 hours the compliance of the controls was
approximately 0-35 ml/cm H20/kg and the sur-
factant treated approximately 0 55 ml/cm H20/
kg. By day seven, the controls had a compliance
of 0-45 ml/cm H20/kg and the surfactant
treated 0-85 mi/cm H2O/kg (p<0 05).

VARIATION IN INDIVIDUAL RESPONSE
Despite early beliefs that all babies with respira-
tory distress syndrome were surfactant deficient

and therefore surfactant treatment would cure
them, not all babies respond to treatment.
Fujiwara and others have reported that with
Surfactant TA approximately two thirds had an
immediate and sustained response in oxygena-
tion, one sixth relapsed, and one sixth had a
poor or no response.32 33 They thought that the
factors leading to an unsatisfactory response
were a patent ductus arteriosus, cardiogenic
shock or persistent fetal circulation, and air
leaks. It is not surprising that these very imma-
ture babies, who suffer from so many com-
pounding diseases and complications, should
not always respond to surfactant treatment.
Perhaps it is more surprising that so many do.

FOLLOW UP
Few follow up studies have been reported. In a
group of 235 Cambridge born survivors from a
randomised trial of ALEC follow up informa-
tion was available for 98% at 18 months.34
There was no difference between ALEC treated
and control babies in the incidence of neurologi-
cal impairment, mental impairment, respiratory
infections, allergies, or hospital admissions up
to 18 months' post-term. In those born before
30 weeks' gestation (where surfactant most
improves survival) the proportion of normal
survivors was 57% in the treated group com-
pared with 41% of the controls. Similar results
have been reported for other surfactants by
Vaucher et al35 and Halliday et al.36 Improved
neonatal survival does not appear to be associ-
ated with neurodevelopmental handicap.

Conclusion
The overview of all the trials of surfactant treat-
ment shows that it benefits babies less than 30
weeks' gestation. The only major side effect is
in the rescue trials where there was an increase
in patent ductus arteriosus in babies treated
with natural surfactant.

Prophylactic treatment is beneficial and appa-
rently harmless, even though some babies who
would not have developed respiratory distress
syndrome were treated.
One of the concerns about natural surfactant

preparations is the protein to which babies may
become sensitised. The evidence to date is that
any antibodies which are produced do not
appear to cause problems.

Although it has been suggested that artificial
surfactant is not as effective as natural sur-
factant because it does not contain the
apoproteins,37 the results of the trials of artifi-
cial surfactant ALEC have shown that it
reduces the incidence of neonatal complications
and improves the outcome of babies less than 30
weeks' gestation at least as well as natural sur-
factants.
The evidence suggests that the surfactants

most likely to have longer term benefits are
CLSE, human surfactant, and ALEC when
used prophylactically and Curosurf used in res-
cue mode. The decision about which surfactant
should be used will depend upon its possible
side effects, its ease of preparation and delivery,
its availability, and its price.
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