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ABSTRACT. In a randomized multicenter trial, involving
the collaboration of eight European neonatal intensive
care units, the efficacy ‘of replacement therapy with a
new surfactant preparation (Curosurf) was tested in 146
patients with severe neonatal respiratory distress syn-
drome. Criteria for entry included birth weight 700 to
2,000 g, age when treated two to 15 hours, and require-
ment of artificial ventilation with Fi02 � 0.6. The babies
were treated with a single large dose of surfactant (200

mg/kg) at a median age of nine hours (range two to 15
hours). Average Fi02 before treatment was the same
(0.80) for both surfactant-treated patients and control

patients. Babies receiving surfactant showed, within five
minutes, a dramatic improvement of oxygenation as re-
flected by a nearly threefold increase of the Pa02/Fi02
ratio. Six hours after randomization, the Pa02/Fi02 ratio
still showed a 98% improvement in surfactant-treated
patients compared with controls (P < .001), and statis-
tically significant differences in favor of the treated ba-
bies persisted until 48 hours after randomization, when
surviving control infants began to recover. Treatment
with surfactant decreased neonatal (�28 days) mortality
from 51% to 31% (P < .05). Compared with control

babies, the surfactant-treated group also had a decreased
incidence of pulmonary interstitial emphysema (23% v
39%; P < .05) and pneumothorax (18% v 35%; P < .05).

The percentage of survivors without bronchopulmonary
dysplasia in the treated group was more than twice that
of the control group (55% v 26%; P < .001). Treatment
with this surfactant appears to effectively improve lung
function and short-term outcome in infants with severe
respiratory distress syndrome. Pediatrics 1988;82:683-
691; surfactant replacement therapy, neonatal respiratory
distress syndrome.

In 1980, Fujiwara et a!’ reported the clinical

application of surfactant replacement in patients

with neonatal respiratory distress syndrome and

their report triggered a number of studies concern-
ing the potential of this new therapeutic approach.
There is now convincing evidence that the mci-

dence and severity of respiratory distress syndrome

can be reduced by prophylactic treatment with

either lipid extracts of bovine surfactant24 or hu-
man surfactant isolated from amniotic fluid.5 Also,

the first randomized clinical trials of surfactant

replacement in babies with established neonatal
respiratory distress syndrome68 indicated efficacy

of the treatment, as judged from sustained improve-

ment of oxygenation, accelerated recovery, and re-
duced incidence of serious complications. These

trials were based on comparatively small numbers

of patients and did not provide conclusive evidence
of a decreased mortality in treated babies. However,

in the Helsinki-San Diego trial,6 there was a re-
duced combined incidence of the most unfavorable

outcomes, death and bronchopulmonary dysplasia.
In this paper, we report the results of a large

randomized multicenter trial, involving the use of

a new type of surfactant (Curosurf), isolated from

porcine lungs by liquid-gel chromatography. Our

data indicate that this surfactant, which contains

only polar lipids and hydrophobic proteins of low
molecular weight (<15,000), effectively improves
lung function in babies with severe respiratory dis-

tress syndrome, thereby reducing pulmonary air

leaks during artificial ventilation, incidence of

bronchopu1monary dysplasia, and mortality.

MATERIALS AND METHODS

Received for publication Jan 19, 1988; accepted March 29, 1988.
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PEDIATRICS (ISSN 0031 4005). Copyright © 1988 by the
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Preparation and Characterization of Surfactant

Curosurf was isolated from minced porcine lungs
by a combination of washing, chloroform-methanol

extraction, and liquid-gel chromatography.#{176} The
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684 SURFACTANT REPLACEMENT

isolated polar lipid fraction was dissolved in chlo-
roform (20 mL/g of surfactant) and sterilized by a

high pressure filter system (first filter 0.45 �tm,

second filter 0.20 �zm). Subsequent steps of the
procedure, including evaporation of the solvent and

suspension of the surfactant in normal saline by

gentle sonication (50 W, 48 kHz) at a phospholipid
concentration of 80 mg/mL, were performed under

sterile conditions with autoclaved glassware. Curo-

surf contains approximately 99% polar lipids,

mainly phospholipids, and 1% hydrophobic, low

molecular weight (<15,000) proteins. Its phospho-

lipid composition has been described fully else-

where.#{176}

Six batches were used in the present trial. The

phospholipid composition of each batch was ana-

lyzed as previously described’0 to ensure that (1)

the preparations contained >70% phosphatidylcho-

line, (2) >40% of this fraction was dipalmitoyl-

phosphatidylcholine, and (3) the amount of lyso-

derivates was <2%. The protein content of each

batch was <1.5% by amino acid analysis. Surface
properties were determined by the pulsating bubble

method at 37#{176}C.”At a hypophase concentration of
10 mg/mL, all preparations had a minimal surface

tension of 0 mN/m at 50% surface compression

within five to eight minutes of pulsation. Each

batch was also tested in experiments on artificially
ventilated immature newborn rabbits, delivered on

day 27 of gestation.#{176}”#{176}Animals treated with Curo-

surf (80 mg/mL, 2 mL/kg of body weight) had

average tidal volumes �25 mL/kg at an insufflation

pressure 25 cm H2O and >5 mL/kg at an insuffla-

tion pressure 15 cm H2O. The corresponding con-

trol levels were <2 mL/kg. Each batch was tested

for sterility according to the standards of Pharma-

copoea Nordica.

Trial Design

On the basis of observations in a pilot study9 and

data from our first safety-monitoring interim analy-

sis (May 1986; 39 randomized patients), the follow-

ing end points were defined: (1) to improve the

quotient Pa02/Fi02 by 100% within six hours after

surfactant replacement, (2) to reduce the period of

artificial ventilation in survivors by 33%, and (3)
to reduce neonatal mortality by 30%.

Assuming a power of 80% and a significance level

of 5% (two-tailed), and calculating from the stand-

ardized differences in our pilot study, we estimated

that 52 patients (26 treated, 26 control) would have
to be randomized for the first end point. The num-

bers required for the second end point could not be

calculated because the preliminary data were not
normally distributed. For the third end point, a

total number of 120 patients had to be randomized
to verify, in the treated group, a reduction in mor-
tality from 63% to 45% (figures from the first

interim analysis).

To be able to randomize this number of patients

within a reasonable period of time (2 years), we
organized a multicenter trial, involving the collab-

oration of eight European neonatal intensive care

units (Table 1). The number ofpatients randomized

by each unit varied because of differences in the
size of the population from which patients were

recruited, admission policies, and the duration of

trial participation. We reasoned that a multicenter

trial was desirable also because it could verify the

hypothesis that the effect of surfactant treatment

is independent of variations in clinical routines

among the collaborating clinical units.

The criteria for entry were: (1) birth weight 700

to 2,000 g, (2) clinical and radiologic findings typical
of neonatal respiratory distress syndrome,’2 (3) age
when treated two to 15 hours, (4) artificial venti-

lation required, (5) Fi02 � 0.6, and (6) no compli-

cating disease.
Babies were not randomized if there was evidence

of prolonged rupture of the membranes (�3 weeks;

to avoid cases of pulmonary hypoplasia), intraven-

tricular hemorrhage of grade III to IV’3 as deter-

mined by ultrasound scan, birth asphyxia as mdi-

cated by early onset of seizures, or major congenital

anomalies (eg, chromosomal aberrations, cardio-

vascular malformations, Potter syndrome, myelo-

meningocele). Our protocol implied that complica-

tions such as hypoglycemia, metabolic acidosis,
anemia, hypotension, or pneumothorax should be

treated by appropriate measures before randomi-

zation. Gastric aspirates were obtained to aid the

diagnosis of streptococcal infection which if consid-

ered present would exclude the baby from the trial.
None of the babies enrolled in the study had evi-

dence of air leaks prior to randomization.

Before receiving surfactant, the babies were me-

chanically ventilated with an Fi02 of 0.6 to 1.0, a

frequency of 40 to 60 breaths per minute, an inspi-

ration to expiration ratio of 1:2 to 1:1, a peak

TABLE 1. Babies Randomized by Contributing Units

Units No. of Babies

Treated Controls

Amsterdam 20 18
Belfast 19 18
Groningen 6 3
Gottingen 4 2
Lund 9 9
Paris 5 3
Parma, Pavia, Mantua 8 9
Stockholm 6 7

Downloaded from http://publications.aap.org/pediatrics/article-pdf/82/5/683/1038387/683.pdf
by Nova Southeastern University, Benjamin Courchia
on 09 October 2022



F j0t

0 �- ‘‘‘‘���

0 5 15 30 60a2 4 6 12 24h 2 3 4 5 6 7 10.

B 0 5 153060.i.2 4 6

�a 0�/Fi02 (kPa)

12 24. 2 3 4 5 6 7 10.

. Cu..,..,

0 c..n.itn
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pressure of 3 to 5 cm H2O.

The babies were allocated to the

control group by randomization with

lopes (one set of envelopes for each

unit), stratified for birth weight (700

were disconnected from the ventilator1,201 to 2,000 g). Babies in the

treatment or the 20

sealed enve-

participating

to 1,200 g and

while surfac-treatment group 10

. cu.us.ui

� �

tant was instilled into each dependent bronchus (or

as a holus into the lower trachea) at a

200 mg/kg (2.5 mL/kg). After each

total dose of

instillation, the

babies were ventilated manually for one minute

using the same Fi02 as before the replacement to

maneuver. During this period, the insufflation pres-

sure was adjusted to provide adequate chest move-

ments. No suctioning of the airways was performed

the first hour after surfactant instillation. 0.5

Control babies were disconnected from the res-

pirator and ventilated manually for two minutes

using the same protocol as for the treated babies

into the air- �except that no material was instilled

ways.

After the period of manual ventilation, the pa-
t.ients were reconnected to the respirator set at the 40

same Fi02, pressure, frequency, and inspiration to

expiration ratio as before. Arterial blood gas values 30 “

2O/4*�ff*+were determined at regular intervals (Fig 1). Theventilator setting was then modified according tothe clinical response, to maintain adequate blood
gas concentrations (Pao2 about 55 mm Hg [7

kPa], Paco2 35 to 45 mm Hg [4.5 to 6 kPaJ, pH>

7.30) with the lowest possible levels of Fi02 and
10

insufflation pressure. A positive end-expiratory

pressure of 3 to 5 cm H2O was maintained during

the entire artificial ventilation period. No particular � ‘ � � � -�--.�-
efforts were made to prevent the nursing staff from C 0 5 15 30 60.i. 2 4 6 12 24. 2 3 4 5 6 7 �.

knowing to which group a baby was assigned. a/A P02 #{149}Cu..,..,
0.5 0 cuuTutu

Radiologic examinations of the lungs were per-

/N+:.:.�.titit:t,....formed within two hours before and 4, 12, and 24 o.�hours and ten days after randomization; data from
this part of the study will be reported elsewhere.

Surfactant-treated babies and control infants a�

were compared with respect to the following meas- �

urements: Fi02, Pa02, Paco2, arterial pH, Pa02/

Fi02 ratio, arterial to alveolar P02 ratio (a/AP02),’4 � ‘ . . �‘-“-‘�

calculated right to left shunt,’5 peak insufflation D 0 5 15 30 60.i.2 4 6 12 24� 2 3 4 5 6 7 10.

pressure, inspiration to expiration ratio, and mean Fig 1. Oxygenation measurements in Curosurf-treated

airway pressure. The last two parameters were cal- and control infants at various intervals after randomiza-

culated only for ventilator settings with a frequency tion. Results are mean values and 95% confidence inter-
vals. If confidence intervals are overlapping, bars are

�40 breaths per minute. We also recorded the in- shown on only one side of data point. Note that time

cidence of complications, especially intracerebral scale is not linear. Conversion factor: I kPa = 7.52 mm

hemorrhage, persistent ductus arteriosus, pulmo- Hg. * � .< .05, � P < .01, � P < .001.

nary interstitial emphysema, pneumothorax, bron-

chopulmonary dysplasia, and mortality. Intracere- and/or from clinical signs, and bronchopulmonary

bral hemorrhage was diagnosed by ultrasound scan, dysplasia from prolonged oxygen dependency (>4

persistent ductus arteriosus with echocardiography weeks) and/or radiologic findings.”
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The trial was approved by the ethical committees

of each collaborating unit. Informed consent was

obtained from the parents prior to randomization.

Statistical Methods

Differences between the groups were evaluated

by the Wilcoxon test (two-tailed) and the x2 test.

To analyze whether the end point observations were
influenced by factors other than surfactant treat-

ment, our data were also subjected to multiple

regression analysis involving the following inde-

pendent variables: maternal steroid treatment (yes!

no), inborn (yes/no), birth asphyxia defined as Ap-

gar score at five minutes s6 (yes/no), male (yes!
no), gestational age, birth weight, age when ran-

domized, Fi02 when randomized, surfactant (yes!

no), and hospital allocation. For the parametric end

points Pa02/Fi02, its analog a/APO2, and duration

of artificial ventilation in survivors, the following

mathematical model was applied: y = p + f31x1 +

f:�2x2 +. . . /3nXn, where y is Pa02/Fi02, a/APO2, or

duration of artificial ventilation in survivors, p is

the intercept, I-�l....1-�n are the regression coefficients,

and x1....x,1 are the independent variables. For the

end point mortality, we used logistic regression with

the following mathematical model:

1
P=l+e_(iA+(itxl+(i2x2±...��,�x,,)

where P is the probability of fatal outcome, p and

��l#{149}#{149}#{149}#{149}��nare the “parameter estimates,” and x1....x�
are the independent variables. The level of statis-
tical significance was defined as 5%.

RESULTS

Characterization of Patients

Two patients (one surfactant treated and one

control) were excluded from the statistical analysis

because we found, in retrospect, that the criteria

for entry had not been strictly fulfilled when ran-

domization occurred (Fi02 = 0.5 in both cases).

TABLE 2. Characteristics of Patients*

Characteristics Infa nts

Surfactant Control
Treated (n = 69)
(n = 77)

Gestational age (mean 28.8 (2.0) 28.4 (2.2)

wk [SD])
Birth wt (mean g [SD]) 1246 (306) 1182 (318)

Male (No. [%]) 50 (65) 40 (58)

Age when randomized 9.0 (2-15) 8.0 (2-15)

(median [range]h)
Fi02 before treatment 0.80 (0.15) 0.80 (0.15)

(mean [SD])

* All comparisons were statistically nonsignificant.

There remained a total of 146 patients, 77 surfac-

tant treated and 69 control. As shown in Table 2,

the groups were well matched for gestational age,

birth weight, sex, and age when randomized. Aver-

age Fi02 before randomization was the same (0.80)

in both groups.

Clinical Observations Five Minutes to Ten Days
After Randomization

Treatment with surfactant resulted, characteris-

tically, in a rapid improvement of oxygenation, as

reflected by an increase in average Pa02 from 57 to

148 mm Hg (7.6 to 19.7 kPa) within five minutes.

As a consequence, mean Fi02 could serially be low-

ered during the first hour after surfactant treat-

ment, from about 0.8 to 0.5. This corresponds to a

nearly threefold improvement of both the Pao2/

Fi02 ratio and the a/APO2 ratio (Fig 1). The mag-

nitude of this initial response varied considerably,

and in a few patients the effect of surfactant re-

placement was transient. However, the mean values

of the parameters Pao2/Fi02 and a/APO2 indicate

an overall pattern of a sustained therapeutic re-

sponse, with statistically significant differences be-

tween control and treated groups for as many as 48

hours. Six hours after randomization, there was a

98% improvement of the Pa02/Fi02 ratio in babies

treated with surfactant (P < .001; 95% confidence

interval for the difference between the means, 57

to 106 mm Hg [7.6 to 14.1 kPa]). This nearly

satisfied the criterion for end point 1. The calcu-
lated average values of the right to left shunt

showed a corresponding pattern, with a decrease

from about 43% to 27% within five minutes after

surfactant instillation (P < .001) and statistically

significant differences between control and treated

groups for as many as 24 hours (data not shown).

After 48 hours, there was a gradual improvement

of Pao2/Fio2 and a/AP02 in surviving control ba-

bies, and the difference in favor of the surfactant-

treated babies was no longer statistically signifi-

cant.

In spite of the striking improvement of oxygen-

ation, average values for peak insufflation pressure

(Fig 2A), inspiration to expiration ratio (data not

shown), mean airway pressure (Fig 2B), and respi-

ratory frequency (data not shown) could be reduced

only slightly in the surfactant-treated babies, and

statistically significant differences compared with

the control group were not observed until four hours

after treatment. Average values for positive end-

expiratory pressure were not different between the

groups (data not shown).

Compared with control infants, babies treated

with surfactant generally had somewhat lower av-

erage values for Paco2 and slightly higher average
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values for pH; statistically significant differences

were obtained inconsistently one to 24 hours after

randomization (data not shown).

Mortality during the first ten days was signifi-

cant.ly greater among control infants than in the

surfactant-treat.ed group (48% v 22%; P < .01). The

values for blood gases and ventilator settings shown

in Figs 1 and 2 were thus generated from a popu-

lation that became increasingly selected with time.

Short-Term Outcome (0 to 28 Days)

Data from the first 4 weeks revealed that, among

survivors, the median required time of artificial

ventilation was 35� less in surfactant-treat.ed ba-

hies than in the control group (Table 3). The mag-

nitude of’ this reduction matched the criterion of

end point 2, 1)Ut there was a wide variation in both

groups and the difference was not statistically sig-

nificant. The mortality during the first 4 weeks was

reduced by 39% in the surfactant-treat.ed group

(Table 3), satisfying the criterion for end point 3.

Treatment with surfactant also reduced the mci-
dence of pulmonary interstitial emphysema from

39% to 23� (J) < .05) and that of pneumothorax

from �35� to 18� (P < .05), but for int.racerebral

hemorrhage (all grades), patent ductus arteriosus,

and pneumonia (developing after randomization),

10

8

6

4

2

Ventilator peak pressure C cm H20 ) . cuuusuuu

U

�-4 . * � +*:�::i�iii�E �

�J .,!,.� � L� �
I � rJ � . -

Fig 2. Ventilator peak pressure (A) and mean airway
pressure (B) in Curosurf-treated and control babies at
various time intervals after randomization. Results are
mean values and 95�� confidence intervals. If confidence

intervals are overlapping, bars are shown on only one
side of data point. Conversion factor: 1 cm H20 = 0.1

kPa. *J)< .05, ��P< .01, ***p<0�)1

there were no differences between the groups (Table

3). Bronchopulmonary dysplasia (grade III to IV)

was diagnosed in 16% of the surfactant-treated

babies and in 26% of the control infants (statisti-

cally nonsignificant). However, because the mor-

tality was significantly higher in the latter group

(particularly during the first ten days) several ba-

bies in whom bronchopulmonary dysplasia may

have developed were not included in the short-term

statistics. Ifdeath and bronchopulmonary dysplasia

were combined as representing the unfavorable out-

come,5’6 the beneficial effect of surfactant replace-

ment became even more obvious. The percentage

of survivors without bronchopulmonary dysplasia

in the treated group was twice that of the control

group (Table 4). (The numbers in Table 4 cannot

be deduced from Table 3, because a nonsurvivor

may have bronchopulmonary dysplasia, diagnosed

radiologically.)

Multiple Regression Analysis

The results of the multiple regression analysis

are summarized in Tables 5 and 6, where the impact

of the independent variables are listed in order of

statistical significance, together with their regres-

sion coefficients and parameter estimates, respec-

tively. The parameters of oxygenation (Pao2/Fio2,

a/APO2) were significantly improved by surfactant

t reatment, hospital allocation (especially to Gotting-

en, where the average six-hour Pao2/Fio2 and a!

AP02 values for treated babies were 242 mm Hg

[32.2 kPa] and 0.42, respectively) and age when

randomized. The positive influence of surfactant

treatment was of the same order as that of alloca-

tion to G#{246}ttingen. There was a significant negative

impact of’ the Fi02 level when randomized (the

higher the Fi02, the lower the six-hour values for

Pao2/Fio2 and a/AP02). A statistically significant

but less prominent negative influence was obtained

for asphyxia. The therapeutic response was thus

better in babies who were less sick and treated

relatively late after birth (especially if they were

not asphyxiated).

The (5 and P values for the end point mortality,

given in Table 6, indicate that the neonatal mor-

tality was higher (negative (� values in the table) in

boys and in babies who were allocated to Stockholm

or who were asphyxiated at birth. Mortality was

lower (positive a values in the table) in patients

with high birth weight, in babies allocated to Lund,

and in those treated with surfactant. The influences

of the independent variables birth weight and al-

location to Lund were stronger than that of surfac-

tant replacement.

For the end point duration ofartificial ventilation
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TABLE 3. Outcome for Infants 0 to 28 Days of Age
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Infants 95% Confidence Interval
for Difference Between

PercentagesSurfactant
Treated
(n = 77)

Control
(n = 69)

Duration of artificial ventilation in survivors
(median [range] h)

Mortality (No. [%] of infants)
Complications (No. [%])

Pulmonary interstitial emphysema
Pneumothorax
Intracerebral hemorrhage, grade I-IV

Total

Grade I-Il
Grade III-IV

Persistent ductus arteriosus
Pneumonia
Bronchopulmonary dysplasia, grade III-IV

160 (21-672)

24 (31)

18 (23)
14 (18)

36 (47)

16 (21)
20 (26)
46 (60)
11 (14)

12 (16)

252 (72-672)

35 (51)*

27 (39)*

24 (35)*

38 (55)
22 (32)
16 (23)
32 (46)
14 (20)

18 (26)

4-36

1-31

3-31

-8-24
-3-25
-17-11
-2-30
-6-18

-3-23
*P<0.05.

TABLE 4.
(Infants 0 to

Mortality and Bronchopuim
28 Days of Age*)

onary Dysplasia

Infant
Group

Alive Without Bronchopul-
monary Dysplasia

Death and/or
Bronchopulmo-
nary Dysplasia

Surfactant
Control

42 (55)
18 (26)

35 (45)
51 (74)

* Results are numbers (percentages) of infants. x2 =

12.17;P< .001.

in survivors, the impact of surfactant replacement

was not statistically significant.

DISCUSSION

Surfactant replacement usually has an immediate

therapeutic effect in infants with neonatal respira-

tory distress syndrome,”� even if the baby is

treated at a fairly advanced stage of the disease,

when both clinical and radiologic measures of lung

function indicate severe parenchymal injury. In a

baby with surfactant deficiency, the bronchiolar

and alveolar epithelium tends to disrupt soon after

the onset ofventilation, leading to a drastic increase

in the permeability of the lung to macromolecules

and to flooding of the air spaces with proteinaceous

edema. There may also be an element of physical

plugging of peripheral airways, caused by accumu-

lation of necrotic epithelium and coagulated pro-

teins.’7
Successful response to surfactant replacement

relies upon the instilled material making its way

into the terminal conducting airways, where it

should facilitate the recruitment of alveoli by low-

ering the surface tension of the peripheral air-liquid

interfaces and stabilize the same air spaces by re-

ducing surface tension to low values during end

expiration. The dosage of the exogenous surfactant

should be large enough to overcome the inhibitory

activity of proteins and other macromolecules that

have leaked into the air spaces prior to treatment

and to provide a reservoir of surfactant for gradual

replenishment of the surface film. The dose of

surfactant required to prevent respiratory distress

syndrome in immature newborn lambs (about 50

mg/kg)’8 is about ten times greater than the amount

needed to coat the interior of the lungs with a

monolayer of phospholipid molecules. For reasons

given, we chose an even larger dose in the present

trial.

Because Curosurf is made from minced lungs, the

crude material obtained after chloroform:methanol

extraction may contain more “nonsurfactant” lipids

than does a corresponding extract from bronchoal-

veolar lavage fluid. However, our preparation is

refined by chromatography, and the isolated polar

lipid fraction contains mainly surface-active phos-

pholipids associated with the low molecular weight

hydrophobic proteins that seem to be essential com-

ponents of the surfactant system.’9 Yet, its content

of dipalmitoylphosphatidylcholine is lower than

that of lipid extracted from calf lung lavage.2 It also

contains less saturated phosphatidylcholine than

surfactant TA,2#{176}to which synthetic dipalmitoyl-

phosphatidylcholine and other lipids have been

added to “improve” the physical properties of the

crude material, and it differs from human amniotic

fluid surfactant developed by Hailman et a!6 by not

containing the larger hydrophilic surfactant-asso-

ciated protein.

However, we do not believe that these differences

are relevant to the physiologic properties of the

surfactant preparations,2’ especially because the

surfactant film probably refines spontaneously dur-

ing cyclic area oscillation,22 increasing the amount

of dipalmitoylphosphatidylcholine and other satu-

rated, “rigid” phospholipids at the air-liquid inter-
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TABLE 5. Multiple Regression Analysis for the End Point Pa02/Fi02 and Its Analog a/APO2*
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Independent Variables Dependent Variables

Pao2/F1o2 (�a = 3,58 mm Hg 147.6 kPaJ) a/APo2 (p = 0.62)

-� - .-- � � - - - I) P

Surfactant replacement 10.5 .0001 0.14 .0001

Fi02 when randomized -23.5 .0001 -0.31 .000 1

Allocation t.o G#{246}ttingen 12.4 .0007 0.17 .0005

Allocation to Belfast 4.70 .0063 0.062 .0053

Allocation to Stockholm 7.44 .014 0.082 .037

Asphyxia (Apgar score at 5 mm -3.57 .027 -0.049 .020

s6)

Gestational age (wk) 0.76 .038 -0.010 .041

Age when randomized (h) 0.39 .039 0.004 NS

; Values for independent variables not listed are not statistically significant (P > .05). Positive values of 0 indicate
positive correlation between independent and dependent variables. �s = constant term of the regression equation; (3
regression coefficient; P = significance level of /3.

TABLE 6. Logistic Regression Analy

Point Mortality*

sis for the End

Independent Variables Dependent
Variable

(Mortality)
(IA = 1.45)

(5 J)

Birth wt (kg) � 2.14 .003
Male sex -1.24 .004
Allocation to Lund 1.86 .008
Allocation to Stockholm -2.11 .009

Asphyxia (Apgar score at 5 mm �6) -0.99 .018
Surfactant replacement 0.85 .035

* Values fir independent variables not listed are not

statistically significant (P > .05). Negative values of a

indicate increasing mortality. �s = “parameter estimate”
according to the formula. P = significance level of a.

face. The dose of dipalmitoylphosphatidylcholine

given to each patient in the present trial (about 74

mg/kg) is, in fact, slightly greater than that used in

current clinical trials by Fujiwara et al23 (about 54

mg/kg). Our single dose is significantly greater than

the one applied in the “rescue” trial reported by

Hallman et al,� who had to treat many of their

patients with multiple doses to obtain a satisfactory

response.

In experiments preceding our clinical trial, we

found that treatment with Curosurf at a dose of

160 mg/kg resulted in a striking improvement of

lung-thorax compliance in artificially ventilated

immature newborn rabbits9; treatment with a large

dose of Curosurf also restored normal lung function

in adult guinea pigs with respiratory insufficiency

induced by repeated lung lavage.24 These experi-

mental data, together with similar clinical obser-

vations in a first series of ten patients,9 provided

the rationale for the randomized trial. Our efforts

were further encouraged by the absence of immu-

nologic response in survivors from the pilot study.9

The present data indicate that treatment of Se-

vere respiratory distress syndrome with exogenous

surfactant leads to a rapid improvement of gas

exchange, reflected by a significant increase in the

Pao2/Fio2 and the a/APo2 ratios and, importantly,

a decreased mortality. Results of the multiple

regression analysis confirm that this reversal of the

clinical course is, indeed, an effect of surfactant

replacement, although other factors including Fi02

and age when randomized, neonatal asphyxia, ges-

tational age, birth weight, sex, and hospital alloca-

tion also influenced the therapeutic response and,

in particular, the final outcome. Apart from our

predetermined end points, we found a statistically

significant reduction in the incidence of both pul-

monary interstitial emphysema and pneumothorax,

in keeping with previous observations68’21 This

probably indicates that the risk of air leaks is

lowered when, following surfactant replacement,

the lungs become more uniformly aerated. The

combination of results for mortality and incidence

of bronchopulmonary dysplasia, furthermore, al-

lows us to conclude that the number of patients

surviving without chronic lung disease was about

twice as great in the surfactant-treated babies as

among control babies. We ascribe this important

difference to the fact that the treated infants can

be ventilated with a lower Fi02 and a reduced mean

airway pressure and that their period of ventilator

dependency tends to be shortened. Surfactant re-

placement did not alter the incidence of intracere-

bral hemorrhage, except in a subgroup of babies

treated in Belfast.2�

In contrast to data published by Raju et al,8 we

did not find a statistically significant increase in

the incidence of diagnosed patent ductus arteriosus

in surfactant-treated babies. Nevertheless, in the

study population as a whole, the number of patients

with a patent ductus requiring treatment with in-

domethacin or surgical closure was increased by

57% in patients receiving surfactant (P < .05). This
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difference may, however, be due to improved sur-

vival in the surfactant-treated group. Among sur-

vivors, there was no difference between surfactant-

treated babies and control infants in the total in-

cidence of patent ductus arteriosus (58% v 53%;

statistically nonsignificant), nor in the incidence of

patent ductus requiring pharmacologic or surgical

intervention (53% v 47%; nonsignificant).

A comparison between the present results and

those obtained by other investigators68’23 is ham-

pered by differences in the severity of lung disease.

In our patients, the average value for a/AP02 when

randomized was 0.12, whereas the babies enrolled

in the trials of Raju et al,5 Fujiwara et al,23 and

Gitlin et al,7 were less sick with initial a/AP02 ratios

of 0.15, 0.16, and 0.20, respectively. This may have

contributed to the lower mortality rates among

surfactant-treated babies in those studies. In the

Helsinki-San Diego trial,6 the average initial a/

AP02 ratio was approximately 0.10, yet the mortal-

ity was lower than in our study, both in surfactant-

treated patients and control patients (14% and

26%, respectively). Such a discrepancy between

different units, also noted in the present study

(Table 6), is probably due to variations in admission

policies and clinical routines.

The overall pattern of data from the present and

previous trials indicates that treatment with sur-

factant improves survival rate and reduces the in-

cidence of air leaks and bronchopulmonary dyspla-

sia. These are clearly worthwhile effects that should

encourage further use of surfactant replacement in

patients with neonatal respiratory distress syn-

drome. The incidence of complications might be

further reduced by surfactant treatment at an ear-

her stage ofthe disease and by retreatment of babies

who relapse. So far, available information indicates

no long-term adverse effects of replacement therapy

with heterologous surfactant in the neonatal period.

Follow-up data from the present trial, including

immunologic analysis of serum samples obtained at

various intervals after treatment, will be reported

later.
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ANNOUNCEMENT OF GENERAL PEDIATRIC RECERTIFICATION
EXAMINATION AND SUBSPECIALTY RECERTIFICATION EXAMINATIONS

The American Board of Pediatrics announces that the next recertification

examination will be offered on Friday, May 19, 1989, in approximately 70

cities. Half of this examination will cover Recent Advances in Comprehensive

General Pediatrics. Half will include aspects of the following Topics for Annual

Review: community health and school health; accidents, poisoning, trauma;

athletics and physical fitness; learning disabilities and school adjustment prob-

lems; adolescent medicine; and delinquency and drug abuse.

This examination is open to all certified Diplomates of the Board who have

subscribed to the recertification program prior to December 15, 1988.

Further information and a subscription form may be obtained by contacting:

American Board of Pediatrics

111 Silver Cedar Court

Chapel Hill, NC 27514-1651

(919) 929-0461

The subspecialty recertification examination will be administered also on

Friday, May 19, 1989, in the same cities as the general recertification

examination. The first half of this examination will consist of a common set of

questions on general pediatrics selected by subspecialists. The second half will

be a separate examination for each subspecialty.

Registration materials will automatically be mailed on January 18, 1989, to

anyone who is certified in pediatric cardiology, pediatric endocrinology, pediatric

hematology-oncology, neonatal-perinatal medicine or pediatric nephrology.
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