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How does exogenous surfactant work?

As a result of the classical studies of Avery and Mead,
over 30 years ago,1 we know that the lungs of babies with
respiratory distress syndrome are relatively non-compli-
ant, requiring high pressures to drive in even relatively
small amounts of air. These studies also showed that
mechanical problems are due to a lack of surfactant lead-
ing to high surface tension forces at the air water interface
within the alveoli.

It therefore came as something of a surprise when a
number of reports claimed that although there was often a
dramatic improvement in oxygenation soon after the
administration of exogenous, particularly natural, surfac-
tant,2 this was not matched by a simultaneous improve-
ment in compliance.3-6 This often lagged behind the
improvements in gaseous exchange by as much as up to
24 hours. A further concern was that a number of babies
with classical respiratory distress syndrome, in one series
22%,7 failed to show any benefit after surfactant treat-
ment and indeed, sometimes deteriorated considerably.
This has led to considerable interest in the effects of sur-
factant administration on the lungs of babies with respira-
tory distress syndrome.
One of the first interesting pieces of information was

that a good clinical response to surfactant was associated
with clearing of the chest radiograph,2 suggesting that
surfactant treatment was accompanied by an increase in
the functional residual capacity (FRC); this is the volume
of gas remaining in the lungs at the end of a respiratory
cycle. Since then it has proved possible to measure this
volume using gas dilation techniques even in babies
requiring ventilatory support.8 This technique involves
inserting a 'bag in a bottle' device between the endotra-
cheal tube and the ventilator circuit so that for a period of
up to a minute the baby is ventilated solely by the gas
within the bag. At the beginning of the measurement, the
volume of gas and the concentration of the tracer gas,
usually argon or helium, which are both insoluble in
water, are measured. The FRC can then be calculated
from the fall in concentration of the marker gas, as the gas
is diluted into the volume within the infant's chest. One
study showed that severe respiratory distress syndrome
was associated with low lung volumes often in the region
of 9 ml/kg/body weight9 against an expected of 25
ml/kg/body weight.O1 l

These techniques have now been used to assess the
effects of surfactant in small pilot studies. One showed
that natural surfactant treatment produces an increase in
the FRC of 50-330O/o within 15 minutes mimicking the
response time of the blood gas improvement.9 Our own

study found that natural surfactant treatment was associ-
ated with a rise in FRC from 7-4 ml/kg to 10-7 ml and
12 8 ml/kg, 15 minutes and six hours after surfactant
treatment respectively al Alexander, A D Milner, unpub-
lished data).

Similar changes are seen after artificial surfactants such
as Exosurf, but these take at least six hours to become
evident (0 Alexander and A D Milner, unpublished data).
Additional information has been derived by using the
nitrogen washout technique on babies on ventilators.12
This study again showed a dramatic improvement in lung
volume, although the initial pretreatment values were sur-
prisingly high ranging from 17-31 ml.

In a single study, fluorocarbon was added to 'the bag in
the bottle' system al Alexander, A D Milner, unpublished
data). As this gas is highly soluble in blood, the effective
pulmonary blood flow, that is the blood coming into
direct contact with ventilated alveoli, can be measured
from the rate of disappearance of the gas.13 This showed
that surfactant treatment was associated with an 18%
increase in effective pulmonary blood flow. In this rela-
tively small study, this failed to reach statistical signifi-
cance. As studies using Doppler methods have not
demonstrated any increase in total pulmonary blood flow
following surfactant treatment,14 this increase if con-
firmed, must result from a reduction in the right to left
shunt through poorly or non-ventilated areas.
What has remained difficult to explain is why these

quite dramatic improvements in lung expansion are not
associated with simultaneous improvement in lung com-
pliance. One suggestion is that although aeration may
have improved, the infant's lung is still being ventilated at
the extreme of the pressure volume loop, hiding any
change in the elastic characteristics of the lung.9 12
Secondly, probably the most important role of surfactant
is not to make inspiration easier, but rather to stabilise the
alveoli on expiration so that an adequate FRC can be
achieved. Thus, administration of surfactant would tend
to limit the amount of air escaping from the lung when
either inspiratory effort or inspiratory inflation has ceased,
leading to a reduction rather than increase in the com-
pliance measurement after exogenous surfactant (E
Bancalari, personal communication).
The area has been further muddled by a report from

North America,3 in which although improvements in lung
mechanics were not apparent for up to 24 hours after
treatment with natural surfactant in babies requiring ven-
tilatory support, the compliance of babies breathing spon-
taneously showed a 29% increase within one hour of
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treatment. These differences may be due to the fact that
the compliance measurements were obtained using differ-
ent techniques by dividing tidal volume by ventilator
pressure swing in those receiving intermittent positive
pressure ventilation (IPPV) while those breathing sponta-
neously were studied by dividing tidal volume by
oesophageal pressure.'5
More recently, there have been studies claiming that

improvements in lung function can be documented by
measuring the total respiratory system compliance.16 This
is achieved by occluding the airway at the top of a ventila-
tor breath, and then venting the respiratory system to
atmosphere, using the associated fall in pressure and vol-
ume for the calculation. Several studies have shown that
even 2-3 cm of positive end expiratory pressure can
reduce lung compliance due to the shape of the deflation-
ary pressure volume loop.'7 This could be hiding some of
the improvement in babies receiving IPPV.

It will obviously be necessary to carry out further stud-
ies to resolve the controversies over the short term com-
pliance measurements, although all investigators are
agreed that in the longer term, improvements will occur.
What is now generally accepted is that exogenous surfac-
tant increases aeration and probably effective pulmonary
blood flow, and that these are responsible for the immedi-
ate improvements in oxygenation.
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