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Changes in pulmonary artery pressure in infants
with respiratory distress syndrome following
treatment with Exosurf
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Abstract
The pulmonary artery pressure (PAP)
changes were studied using Doppler echo-
cardiography in preterm infants treated
with an artificial surfactant (Exosurf)
during the acute phase of respiratory
distress syndrome (RDS). The ratio of
pulmonary artery acceleration time to
the right ventricular ejection time
(AT:RVET), measured from the Doppler
wave form, was determined in 38 infants
before the first dose of Exosurf, at one and
six hours after the first dose, immediately
before the second dose of Exosurf, and at
one, six, 12, 36, and 60 hours subsequently.
The median AT:RVET ratio corrected for
heart rate (AT:RVET(c)) increased signifi-
cantly an hour after administration of the
first dose of Exosurf from 0-330
(0-273-0-410) to 0-380 (0.303-0.445) and
similarly an hour after the second dose
from 0-426 (0.252-0.495) to 0 440
(0.373-0.500). These changes occurred
against a steady increase in the median
AT:RVET(c) over the first 72 hours.

It is concluded that the reduction in
PAP correlates well with clinical para-
meters of disease severity and raises
questions regarding the mode of action of
Exosurf.
(Arch Dis Child 1995; 72: F176-F179)
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Neonatal respiratory distress syndrome (RDS)
is characterised by respiratory distress at, or
shortly after, birth that increases in severity,
reaching its peak within three days, after which
there is gradual improvement. ' Recovery is
often heralded by spontaneous diuresis and is
indicated by the ability to oxygenate the infant
with lower inspired oxygen concentrations.
A high pulmonary artery pressure (PAP)

during the acute phase ofRDS has been docu-
mented by both direct and indirect methods.2 3
Doppler echocardiography provides a non-
invasive means by which to assess PAP.4
Studies of the ratio of pulmonary artery
acceleration time (time to peak velocity of
pulmonary blood flow) to the right ventricular
ejection time (AT:RVET), measured from
either a continuous or pulsed Doppler wave-
form, has a close inverse correlation with
PAP.4-7 Results from studies of the AT:RVET
ratio suggest that PAP falls by 30 hours in the

term infant and by 60 hours in the uncompli-
cated preterm infant,8 although other work
measuring the maximal tricuspid regurgitant
jet velocity, when present, has suggested that
pulmonary artery pressure falls at the same rate
in term and preterm infants after birth.9 In
infants with hyaline membrane disease PAP
falls more slowly and rises again in some.10
The latter phenomenon may be an indicator
of the subsequent development of broncho-
pulmonary dysplasia. "I

In animal studies endotracheal administra-
tion of surfactant acutely decreases pulmonary
vascular resistance, leading to a decrease in the
PAP.'2 Kaapa et al, using Doppler to deter-
mine the systolic PAP from the tricuspid valve
regurgitant flow velocity after administration of
Exosurf, have shown that this depressor effect
is present at 15 minutes and is maintained for
one hour after surfactant instillation.'3 The
decrease in PAP was, however, found to be
temporary in this study, subsiding within 12
hours of treatment,'4 although the same
authors have also shown a persistent and con-
tinuing fall in PAP after surfactant treatment. 15
To our knowledge Doppler studies have not
been undertaken in RDS before, and after the
first and the second dose of surfactant. The
aim of this study was therefore to use Doppler
echocardiography to study the natural history
of the PAP in preterm infants who were treated
with surfactant during the acute phase ofRDS.

Methods
The study was carried out between 1 January
1994 and 30 April 1994. All infants admitted
to the neonatal intensive care unit at Liverpool
Maternity Hospital who received surfactant
were eligible for study. Those who died within
24 hours of birth and those with congenital
anomalies affecting cardiorespiratory function
were excluded.

Synthetic surfactant (Exosurf, Wellcome) is
administered as early as possible after birth to
all intubated infants under 28 weeks of gesta-
tion and to those over 28 weeks of gestation
who have a clinical or radiological diagnosis of
RDS or whose arterial:alveolar oxygen ratio is
less than 0.22.16 The surfactant is adminis-
tered via the endotracheal route using a side-
port in the endotracheal connector, in two
doses of 5 ml/kg over 15-30 minutes, 12 hours
apart.

Doppler ultrasound examinations were
performed before and one, six, and 12 hours
after the first and second doses of Exosurf.
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Table I Maximum PIP and maximum Fio2 received overfirst 72 hours in infants with
RDS (n=38)

Time Maximum Maximum
interval PIP Interquartile FIo2 Interquartile
in hours (median) Range range (median) Range range

0-4 20 10-30 18-22 0-73 0 29-1 0-57-097
5-8 18 10-30 15-21 0-53 0-25-1 0-42-0-81
9-12 16-5 11-30 14-21 0-57 0 21-1 0-34-0-85
13-16 15-5 0-35 13-20 0-50 0 21-0 99 0-35-0-72
17-20 16 0-35 12-18 0-53 0 21-1 0-36-0-71
21-24 16 0-27 13-19 0 50 0 21-1 0-33-0-65
25-48 16 0-30 13-22 0-51 0 21-1 0-36-0-81
49-72 15 0-26 0-20 0 45 0 21-1 0-28-0-64

Examinations were performed by a single
observer (AHH). All infants were studied
using an ATL ultramark 4 scanner with a
5 MHz range, gated, pulsed wave Doppler
probe. Two dimensional imaging was per-
formed with a 7 5 MHz probe. The pulmonary
artery was visualised from the parasternal long
axis view by rotating the probe and angling
upwards until the right ventricular outflow
tract, pulmonary valve, and main pulmonary
artery were visualised. The sample volume
of the range gated Doppler signal was
placed distal to the pulmonary valve and the
Doppler signal recorded. A sweep speed of
100 mm/second made it possible to identify
individual Doppler waveforms. A minimum
of five waveforms were recorded onto the
system's computer module for off-line analysis.
AT was measured from the onset of ejection to
peak velocity; RVET was measured from
the onset to the cessation of ejection. The
AT:RVET ratio was corrected for heart rate by
dividing by the square root of the R-R
interval.'7 A satisfactory Doppler signal had to
be obtained for the child to be included in the
study. Data were analysed if infants were stable
before and during Doppler studies and had no
rapid swings of transcutaneous carbon dioxide
or oxygen saturation, pH, or blood pressure
while being studied.

Ductal patency was not assessed during the
procedure and right ventricular function was
assessed subjectively at each echocardio-
graphic study.
The maximum fractional inspired oxygen

concentration (FIO2) and peak inspiratory
pressure (PIP) during each four hour period
from birth, for the first 24 hours, and subse-
quently every 24 hours until 72 hours of age,
were recorded.
The overall average rate of increase of

AT:RVET was estimated from Doppler
recordings taken at one and 12 hours after the
first and second doses of Exosurf. One hour's
worth of this was subtracted from the observed

Table 2 Pulmonary artery, Doppler results in infants treated with Exosurf

No of
Time afterfirst dose ofExosurf infants AT:RVET(c) Interquartile
ofDoppler examination studied (median) Range range

0 (before first dose) 19 0 330 0-273-0-410 0-306-0-369
1 19 0-380 0 303-0-445 0-357-0-412
6 26 0 404 0-273-0-465 0-369-0-421
12 (before second dose) 32 0-426 0 252-0 495 0-386-0-449
13 (one hour after second dose) 30 0 440 0 373-0 500 0-410-0-468
18 32 0457 0-374-0-510 0-426-0-476
24 33 0473 0-397-0-526 0-457-0502
48 34 0-489 0-421-0-550 0-469-0513
72 32 0-510 0-423-0-557 0-480-0-540

increases from before and one hour after
Exosurf was given, and the results were com-
pared with zero using the paired Wilcoxon test.
Pearson's correlation coefficient was calcu-
lated for the relation between the fall in FiO2
and PIP rise in AT:RVET.

Results
Forty six infants were eligible for study. Seven
died within 24 hours of birth and one was
excluded because of congenital malformation
and hydrops. The median gestational age of
the remaining 38 infants included in the study
was 28 weeks (range 23-38 weeks) and the
median birthweight was 1008 g (range
580-4300 g). Five of these infants subse-
quently died. The maximum PIP and maxi-
mum FIo2 received for each four hour interval
over the first 24 hours and thereafter each 24
hours for the first 72 hours are shown in table
1. The maximum FiO2 received dropped
significantly between the first and second four
hour periods after birth (p<0 05). The maxi-
mum PIP received also fell significantly
between the first and second four hour periods
after birth (p<0 05).
The results of the pulmonary artery Doppler

studies, together with the number of infants
studied each time, are shown in table 2.
Results for some infants had to be excluded
each time that Doppler examination was
carried out, owing to the instability of some of
the babies being studied. There was a steady
increase in the median AT:RVET(c) ratio
over the first 24 hours (figure). The median
corrected AT:RVET ratio (AT:RVET(c))
increase was significantly higher in the hour
after administration of the first dose of surfac-
tant (0 330 (range 0-273-0A410) to 0-380
(range 0 303-0A445)) when compared with the
time from one to 12 hours after the first dose
had been given (0-380 (range 0 303-0 445) to
0-426 (range 0-252-0-495); p<00001). A
similar significantly higher increase in
AT:RVET(c) was found in the hour after
administration of the second dose of surfactant
(0-426 (range 0-252-0-495) to 0 440 (range
0 373-0-5) when compared with the subse-
quent 11 hour period (0 44 (range 0-373-0-5)
to 0473 (range 0 397-0-526); p<0l0001).
Right ventricular function was regarded as
normal in all infants throughout the study.
The change in AT:RVET(c) ratio over the

first 72 hours correlated significantly with the
fall in FiO2 (R=0-97; p<0 001) and the fall in
peak inspiratory pressure (R=0-93; p<0 01).

Discussion
An indirect measurement of pulmonary artery
pressure shows that administration of two
doses of synthetic surfactant is associated with
a significant fall in PAP an hour after each
dose, and that these acute reductions are
against a background of a gradual and per-
sistent fall. The indirect method we used to
measure PAP has been described before.34 11
A close correlation has been shown between
the AT:RVET ratio and directly measured
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PAP in older infants and children.6 7 Although
the AT:RVET ratio correlates with PAP, it can
be influenced by myocardial contractility and
heart rate.'7 All our measurements were made
by one observer who subjectively assessed right
ventricular function during each Doppler
study, as previous workers have, 1 and judged
it to be normal in all infants.

Kaiapa et al, using echocardiographic assess-
ment of the tricuspid regurgitant jet when
detected, reported a reduction in PAP within
15 minutes after instillation of Exosurf.13 This
effect was maintained for an hour but appeared
to be transient, subsiding within 12 hours of
surfactant administration.15 In contrast, we
found that a persistent and sustained fall in
PAP occurs after Exosurf instillation. The
major disadvantage of estimating PAP from
the tricuspid regurgitant jet flow velocity is that
tricuspid regurgitation may not always be
measurable. Previous studies have reported
measurable tricuspid regurgitation in between
310/o-92% of Doppler studies of preterm
infants.9 14 18 The difference between the
results of our study and some of those of
Kaapa et al could be explained by postulating
that infants in whom tricuspid regurgitation is
measurable have the most severe pulmonary
hypertension, which may be associated with
only a transient fall in PAP whereas, as a
whole, in preterm infants the fall is sustained.

Studies of term infants using Doppler
measuring AT:RVET have shown that PAP
falls to within the normal range by 24 hours
whereas in preterm infants who do not have
RDS this is not achieved until 72 hours.8 Other
studies of AT:RVET performed in the pre-
surfactant era on preterm infants during the
acute phase of RDS have shown that PAP falls
within the first 40 hours, tending to remain sta-
tic for the next few days.3 In contrast, we found
a more rapid and steady decrease in PAP over
the first three days in the acute phase of RDS,
an effect likely to be caused by surfactant
treatment.

Stenson et al have recently reported changes
that occur in static respiratory compliance in
preterm infants, following administration of
synthetic surfactant (Exosurf) and natural sur-
factant (Curosurf), and have compared their
effects.'9 These workers showed that respira-
tory compliance had increased three hours after
the administration of Gurosurf and had
increased further by 12 hours. In contrast, the
administration of Exosurf was not associated

with any change in respiratory compliance over
the first 12 hours. However, this and other
studies, including our own, have reported a
reduction in FiO2 and PIP being used three and
12 hours after administration of Exosurf. 19-21
This, together with the significant fall in PAP
that we have demonstrated an hour after
administration of Exosurf, suggest a possible
acute clinical effect. We suggest that Exosurf
may have an early effect in the course of RDS.
Given that lung function does not seem to
improve in the first 12 hours, we speculate the
Exosurf may act during this period principally
as a pulmonary vasodilator thereby improving
pulmonary blood flow and resulting in a
reduced oxygen and ventilatory requirement.
The contribution of the non-phospholipid
components of Exosurf (tyloxapol and hexa-
decanol) to this possible effect is open to
debate. Following the very early phase of RDS
(the first 12 hours) Exosurf may then exert its
primary surfactant effect on the lungs and
improve pulmonary compliance, although this
has, to our knowledge, yet to be confirmed.

In conclusion, we have for the first time
shown dramatic acute changes in PAP
associated with administration of a synthetic
surfactant (Exosurf) to infants with RDS.
These changes, which correlate well with
clinical parameters of disease severity, raise
questions regarding the mode of action of
synthetic surfactants.
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