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Acute effects of instillation of surfactant in severe

respiratory distress syndrome
H L HALLIDAY, F B McCORD, B G McCLURE, AND M McC REID

Department of Child Health, The Queen's University of Belfast and Royal Maternity Hospital, Belfast

SUMMARY Doppler ultrasound measurements of pulmonary blood flow in 20 babies with severe

respiratory distress syndrome treated in a randomised controlled trial of surfactant replacement
showed that the immediate improvement of oxygenation was not associated with a significant
increase in pulmonary blood flow. Reduction in ventilator settings and increases in the extent of
chest wall movements measured by a cardiorespiratory monitor suggested that the improvement
after surfactant had been given was a result of alveolar stabilisation and increased pulmonary
compliance. Further simultaneous studies of pulmonary blood flow and pulmonary compliance
are needed to confirm these findings.

Natural surfactant has been used to reverse the
effects of respiratory failure in animals. 1-5 These
studies showed an almost instantaneous increase in
arterial oxygen tension followed by a more gradual
change in pH and arterial carbon dioxide tension.
This rapid improvement in oxygenation was remi-
niscent of the action of tolazoline in babies with
pulmonary hypertension, and we wondered if sur-
factant acted like a pulmonary vasodilator drug.

In lambs changes in pulmonary compliance can be
detected 15-30 minutes after giving surfactant -3 but
pulmonary blood flow either does not change4 or
increases after a delay of about two to three hours.5
In immature baboons both compliance and pulmon-
ary blood flow increase after instillation of surfac-
tant, pulmonary blood flow by threefold.6 As far as
we are aware there have been no studies of
pulmonary blood flow changes in babies after
surfactant treatment.

Patients and methods

Based on the threefold increase in pulmonary blood
flow in immature baboons after surfactant
treatment6 we estimated that to detect a similar
change in babies with a power of 80% and a
probability of <0-05 (two tailed test) would require
a sample of 20 patients.

Serial measurements of pulmonary blood flow
were made in 20 consecutive babies who were taking
part in a randomised controlled trial of surfactant
replacement.7 All babies entering the study had
severe respiratory distress syndrome requiring
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mechanical ventilation with >60% oxygen when less
than 15 hours old.7
The surfactant was isolated from porcine lungs by

chloroform-methanol extraction and further puri-
fied by liquid-gel chromatography8; it was given in a
total dose of 200 mg/kg (2.5 ml/kg) through the
endotracheal tube. Treated babies were discon-
nected from the ventilator and 1-25 ml/kg of
surfactant was instilled into each main bronchus
through a sterile feeding tube. After each instillation
the baby was manually ventilated at a rate 40-60/
minute for one minute using the same oxygen
concentration and pressure of <35 cm H20 before
being reconnected to the ventilator without
altering its settings. In the babies who acted as
controls, manual ventilation without instillation of
liquid was carried out. After enrolment into the
study blood gases were measured at five, 15, 30, and
60 minutes, and appropriate changes in the venti-
lator settings were made to keep arterial oxygen
tension about 7 kPa, arterial carbon dioxide tension
about 6 kPa and pH greater than 7-3. The protocol
required that the inspired oxygen concentration
should be lowered first, and then the inspiratory
pressure, the frequency, and the inspiratory:
expiratory time ratio.7
Pulmonary blood flow was measured 15 minutes,

one and four hours after instillation of surfactant with
anATLMkV Duplex scanner. Pulmonary blood flow
is difficult to measure directly but is equivalent to
pulmonary venous return, which can be measured as
flow across the aortic valve if there are no intracar-
diac shunts.9 Such intracardiac shunts were excluded
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in all study babies by careful cross sectional and
pulsed Doppler echocardiographic examinations.

Alveolar oxygen tension was calculated as pre-
viously described using the equation:7 alveolar
oxygen tension=fraction of inspired oxygenx94-
arterial carbon dioxide tension/0-8 kPa. The ratio of
arterial:alveolar oxygen tension was taken as a
measure of oxygenation as it is not influenced by the
amount of inspired oxygen. We used the product of
mean airway pressure and ventilator rate as a
measure of ventilation. If arterial carbon dioxide
tension remains constant and spontaneous respira-
tions are largely absent, the product of mean arterial
pressure x ventilator rate should be a measure of
ventilation that correlates inversely with
compliance. 10

Respiration traces were obtained from a
Corometrics 512 monitor before, during, and after
surfactant replacement. This monitor measures the
extent of chest wall movement by recording changes
in transthoracic impedance, which correlate in-
directly with pulmonary compliance.''
The significance of differences between the

groups was assessed by the Student's t test. In
addition, 95% confidence intervals were calculated
for the differences in mean values between treated
and control babies.'2

infants and did not change after treatment with
surfactant. 95% Confidence intervals of the differ-
ence between treated and control babies are wide
for this measurement (table). Arterial carbon
dioxide tensions and pH were similar in each group
and did not change significantly after instillation of
surfactant.

Fig 2 shows an example of a respiratory trace from
the Corometrics 512 monitor of a baby before,
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Results

The 12 treated babies had a mean (SD) birth weight
of 1335 (312) g and gestational age 28-4 (1-1) weeks.
The median age at enrolment was 5 hours (range
2-13). The eight control infants had a mean birth
weight of 1401 (258) g and gestational age 28-8 (1.9)
weeks; their median age at enrolment was 7 hours
(range 2-15). Fifteen babies were given muscle
relaxants during ventilation (eight treated and seven
controls).

Fig 1 compares the changes in arterial to alveolar
oxygen tension ratio with the calculated measure of
mechanical ventilation and pulmonary blood flow in
ml/kg/minute. There was an immediate increase in
arterial:alveolar oxygen tension ratio so that treated
babies had significantly higher ratios from 15 min-
utes to four hours (fig 1 and table). The table shows
positive values for 95% confidence intervals of the
difference between treated and control babies at 15
minutes and one hour. The product of mean arterial
pressurexventilator rate was significantly lower for
treated babies by 15 minutes and remained so for
the four hour period (fig 1) but wide confidence
intervals permit only the four hour difference to be
confidently accepted as applying to a larger popula-
tion of babies (table). Pulmonary blood flow was not
significantly different between treated and control
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Fig 1 Comparison of arterial:alveolar oxygen tension
ratio, product ofmean airway pressurex ventilator rate, and
pulmonary blood flow for treated (O-O) and control
(A- - - -A) babies after treatment with surfactant. Time
0 indicates values just before instillation ofsurfactant.
Mean (SE), *p<0.05? **p<0.0J ***p<0°001.
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Fig 2 Respiratorv' trace from Corometrics 512 monitor
before, during, and after instillation ofsurfactant in a
baby with severe respiratory distress syndrome.
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during, and after replacement of surfactant. The
extent of chest wall movement (transthoracic impe-
dance) increased immediately after surfactant had
been given, and was maintained after the baby was

reconnected to the ventilator. This pattern was seen

in nearly all the treated babies, but similar changes
were not seen in control babies.

Discussion

Natural surfactants have been shown to improve
oxygenation in animals15 and in babies.7 8 The rise
in arterial oxygen tension occurs immediately and
precedes the decrease in arterial carbon dioxide
tension and the increase in compliance.3 Jacobs et al
found that the surface tension of alveolar washings
correlated better with arterial oxygen tension than
with arterial carbon dioxide tension or tidal
volume.3 Vidyasagar et al showed a threefold
increase in pulmonary blood flow within three hours
of surfactant replacement in 15 immature baboons
with severe respiratory distress syndrome.6 Pulmon-
ary compliance also increased and the authors
attributed the improvement in oxygenation to this,
and the change in pulmonary blood flow to the
presence of a left to right shunt across a patent
ductus arteriosus.6
We speculated that increase in pulmonary blood

flow might be responsible for the improved oxy-
genation as it amounted to about a 300% increase
over baseline values. We estimated that a study
of 20 infants would be large enough to detect a
similar threefold increase in pulmonary blood flow.

That we were unable to show such an increase may
be explained in one of four ways. Firstly, baboons
with respiratory distress syndrome do not behave
like babies with respiratory distress syndrome, and
secondly that the methods of measuring pulmonary
blood flow were different; Vidyasagar et al used a
microsphere technique6 and we used a pulsed
Doppler ultrasound method. Thirdly, the surfactant
preparations are not identical and clinical studies
with our porcine surfactant did not show an in-
creased incidence of patent ductus arteriosus.7 An
alternative explanation is that we entered too few
babies into our study to show a change in pulmonary
blood flow. If the change had been threefold,
however (that is, of the same order as the change in
oxygenation), then our study should have been able
to detect this. Our results are consistent with a

modest change in pulmonary blood flow, certainly
much less than the change in oxygenation.
We believe that the acute change in oxygenation

is caused by improvement in the ventilation:perfu-
sion ratio and not to an immediate increase in
pulmonary blood flow. Our findings suggest that
improved compliance is a more likely explanation
and confirm those of Jobe et al who measured
cardiac output and pulmonary blood flow before
and after treatment of premature lambs with surfac-
tant and found no difference.4 We did not make
direct measurements of pulmonary compliance, and
have assumed that it changed with reduced ventila-
tor settings and alterations in the cardiorespiratory
trace of transthoracic impedance. Daily et al showed
an inverse correlation between compliance and

Table Difference between control and treated babies in arterial:alveolar oxygen tension ratio, mean airway pressure
x ventilation rate, andpulmonary bloodflow before and after instillation ofsurfactant

Treated Control Difference 95% Confidence
babies babies intervals
(n=12) (n=8)

Arterial:alveolar oxygen tension ratio:
Before 0.12 0.12 0 -0-03 to +0.03
After 15 minutes 0*31 014 +O-17 +0o05 to +029
After one hour 0*31 0-14 +0*17 +0o01 to +0 33
After four hours 0.32 0*17 +0-15 -0-01 to +0.31

Product of mean airway pressurexventilation rate:
Before 447 440 +7 -198 to +212
After 15 minutes 374 490 -116 - 92 to +324
After one hour 355 479 -124 - 75 to +323
After four hours 285 478 -193 + 10 to +376

Pulmonary blood flow (mi/kg/minute):
Before 317 323 -6 -106 to +118
After 15 minutes 338 307 +31 - 99 to +161
After one hour 309 279 +30 - 66 to +126
After four hours 327 268 +59 - 25 to +143
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transthoracic impedance.11 Further studies are
needed of direct measurement of lung compliance in
babies having surfactant replacement. Simultaneous
measurements of lung compliance and pulmonary
blood flow would help to clarify the mechanisms of
the acute effect of exogenous surfactant and may
also help to predict the long term response of
individual babies.

The surfactant was prepared in Stockholm by Dr T Curstedt and Dr
B Robertson, supported by the Swedish Medical Research Council
(Project number 3351) and the Swedish National Association
against Heart and Chest Diseases. Dr FB McCord was supported
by a grant from the Perinatal Trust Fund of Northern Ireland. We
thank Lynda Thompson for typing the manuscript.
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