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Artificial fetal lung maturation - Prevention
of antenatal complications in premature deliveries
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Summary

Keeping in mind the frequency of preterm deliveries as well as the morbidity and mortality of the newborn population, many ways
of bringing about faster maturation of the fetus have been. Today, we can say that after the 24" week of gestation, when the pneu-
mocites time 2 are anatomically formatted, medical treatment of the fetus for maturation not only of the lungs but all the vulnera-
ble organs is available. By stimulating the pneumocites to make surfactant and sphingomyeline and phosphatidilinositol and phos-
phatidilglycerol, we can reduce respiratory distress syndrome. Moreover, the frequency of intracranial haemorage is lowered. We
have performed many studies with all of their positive and negative effects, including: use of corticosteroids, thyroxine,

aminophilline, surfactant, inositole and beta adrenergic agonist.
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Introduction

In all situations when pregnancy should be ended pre-
maturely, whether because of maternal or fetal indica-
tions, or indications of the fetoplacental unit, it is neces-
sary to choose the most efficient and proper way of
artificial maturation.

Artificial fetal lung maturation is usually conducted by
corticosteroid therapy given to the mother prenatally or
directly to the fetus under ultrasound control, but also by
the use of thyroxin, aminophylline, oxytocine and sur-
factants.

Glucocorticoids

It has been known for many years that neonates born
before term, in conditions where mothers suffer from
chronic blood vessel diseases, show a greater degree of
maturity than in conditions where those deliveries are
ended by surgery.

Our conclusion was that glucocorticoids do not directly
influence fetal lung acceleration, but lead to biochemical
changes that secondarily provoke uterine contractions
and fetal oxygen fluctuations, leading to acceleration of
fetal lung maturation.

Among all glucocorticoids, bethamethasone and dexa-
methasone are the preferred hormones used in antenatal
therapy. They have identical biological activity and cross
the placenta immediately in their biological forms. Both
of them are known ligands for type 2 glucocorticoid
receptors, but both preparations are modest substances
for placental 11 beta-HSD type 2 enzymes to avoid inac-
tivation.

Bethamethasone crosses the placenta, so 33% of mater-
nal concentration value is present in fetal circulation.

Revised manuscript accepted for publication January 19, 2005

Clin. Exp. Obst. & Gyn. - 1ssN: 0390-6663
XXXII, n. 1, 2005

Both hormones have relatively low immunosuppressive
activity and a longer period of activation compared to
cortisol and prednisone. In experimental rat models, both
bethamethasone and dexamethasone were pharmacologi-
cally identical. However, in fetal surfactant production,
bethamethasone has greater potential.

Glucocorticoids lead to increased synthesis of surfac-
tant proteins, increasing the process of transcription of
proteins SP-A and SP-B.

Conclusions of indications, methods, doses and effects
of prenatal corticosteroids

There is a direct decrease in respiratory distress syn-
drome (RDS) - mortality and intraventricular hemorrhage
(IVH).

All fetuses between the 24" and 34" week of gestation
- in danger of premature delivery should undergo artifi-
cial fetal lung maturation, as recommended by the USA
National Health Institute in 1995 to establish a general
recommendation for the use of glucocorticoids (GC) in
inducing fetal lung maturity (FLM) in fetuses at risk of
premature delivery.

In newborns born between the 29" and 34" week of
gestation, antenatal corticosteroid treatment evidently
decreases the incidence of RDS and mortality.

Antenatal corticosteroid therapy used between the 24"
and 28" week of gestation does not significantly decrease
the incidence of RDS. However, it does evidently decrease
the incidence of IVH in this group. All fetuses between the
24" and 34" week of gestation with suspected premature
delivery are candidates for corticosteroid therapy at the 34"
week of gestation, the risk of neonatal mortality, RDS and
IVH is small. The analysis of antenatal corticosteroid
therapy in this group is limited. Thus, corticosteroids are
generally not used in artificial fetal lung maturation above
the 34" week of gestation, except in conditions of con-
firmed lung immaturity.
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The use of corticosteroid therapy does not depend on
gender or race, and it is not related to further need of sur-
factants.

Patients undergoing tocolytic therapy have to be sub-
jected to corticosteroid therapy with caution.

Therapy effect is achieved by the application of two
doses of 12 mg of bethamethasone IM every 24 hours, or
four doses of 6 mg of dexamethasone every 12 hours.
Optimal benefits are achieved after 24 hours from the
initial dose and last for seven days. In practice, these
doses enabled decreased RDS incidence in newborns in
the studies. With these doses, 75% of receptors sensitive
to corticosteroid therapy are occupied. Larger doses do
not increase the efficiency of the therapy but corticos-
teroid therapy shows effects 24 hours after the initial dose
and it has been proved that even the initial application of
corticosteroids decreases neonatal mortality, RDS and
IVH to a certain degree. However, corticosteroids should
be started even if delivery starts by premature rupture of
membranes between the 30" and 32™ week of gestation.
In the absence of chorioamnionitis, glucocorticoids are
applied primarily to prevent IVH and to achieve effects at
least 24 to 48 hours are necessary. The most adequate
effect is in the next 3 to 4 days.

In complicated pregnancies up to the 34" week of ges-
tation, if there is danger of premature delivery, corticos-
teroid therapy gives evident results.

At the European Congress of Perinatal Medicine held
in Brussels in 1982, it was presented that diasoxide can
partially postpone premature delivery, and if postponed
more than 72 hours the percentage of RDS in children
born weighing 800 to 1300 g is significantly decreased.
If delivery is postoponed for less than 48 hours, the rela-
tive frequency of RDS is 52%.

We use diasoxide as a tocolytic agent because it does
not have negative effects on neuromuscular junctions nor
does it disturb fetal breathing movements.

Keeping in mind that the fetus should be kept intrauter-
ine for 72 hours after steroid administration, no specific
system of maturation is needed except endogenous release
of RTH-TSH-T3 and T4 which would lead to maturation.
It is not yet clear if this therapy increases neonatal or
maternal infection, nonetheless, the risk of death is higher
than the risk of infection.

Data obtained by following children until the age of 12
do not show complications in their growth or psychomo-
tor development.

Antenatal corticosteroid therapy is indicated in all
maternal conditions at risk of premature delivery and it
leads to decreased neonatal mortality and morbidity, and
evident decreases in healthcare costs.

The use of corticosteroids in artificial fetal lung matu-
ration is one of the rare decreasing: that enhances health
conditions of the population and evidently decreases the
costs of healthcare.

Among all hormones used in fetal lung maturation
acceleration, glucocorticoids given to the mother are
most effective in

— Infant respiratory disease syndrome (IRDS);

— Intraventricular hemorrhage (IVH);
— Periventricular leukomalatia (PVL);
— Retinopathy of prematurity (ROP);

— Necrotizing enterocolitis (NEC);

— Persistent ductus arteriosus (PDA).

Type of corticosteroids

Dexamethasone and bethamethasone are the most ade-
quate corticosteroids for antenatal therapy. These two
components are identical in biological activity and cross
the placental barrier actively in their biologically active
forms. They are free of mineral corticoid activity and
have very weak immunosuppressive activity, thus having
a longer activation time than cortisol and methylpred-
nisolon. They are also the most studied corticosteroids in
artificial fetal lung maturation.

Time evaluation

Large positive effects of corticosteroid therapy begin
within 24 hours and last up to seven days. Possible ben-
efits or risks of repeated doses after seven days are
unknown. Human fetal lung in in vitro experiments show
that induced biochemical changes disappear within seven
days, but newly formed structural changes persist.

Preterm premature rupture of membranes (PPROM)

The use of antenatal corticosteroids to decrease
newborn morbidity remains controversial. Antenatal
application of corticosteroids has reduced the incidence
of RDS in PROM in randomized controlled trials, even
though the amplitude of RDS reduction is not as high as
in conditions where membranes are intact. However,
there is significant evidence of decreases of IVH between
the 30" and 32™ week of gestation, thus the use of ante-
natal corticosteroids in conditions where there is no
chorioamnionitis is justified.

Other conditions

Data about treating patients with hypertension and dia-
betes mellitus are not reliable enough. If there are no
evident contraindications or side-effects of corticosteroid
usage, they belong to the same group of corticosteroid
application as in those conditions with the danger of pre-
mature delivery. In pregnancies burdened with hyperten-
sion, the use of corticosteroids decreases the possibility
of HELLP syndrome but it is necessary to follow the
basic principles of corticosteroid therapy and to eliminate
any contraindications.

Also, in conditions with multiple gestations, intrauter-
ine growth retardation and fetal hydrops, patients should
undergo antenatal corticosteroid therapy.

Indications for early delivery in relation to maternal
condition are preconditions for artificial fetal lung matu-
ration, observing basic principles and contraindications.

Among possible maternal complications, pulmonary
edema should be kept in mind if glucocorticoids are
applied together with tocolytic therapy. The mechanisms
of glucocorticoid and betamimetic interactions include:

— Increased electrolyte retention and retention of water
in the lungs;
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— Increased medium arterial pressure;

— Disturbance of membrane forms;

— Decreased blood vessel resistance.

The possibility of maternal pulmonary edema increases
in cases of multiple gestations and maternal infections.
There are many reports about maternal deaths in cases
where glucocorticoids were combined with tocolytic therapy.

The relation between glucocorticoids and maternal
estriols is evident. When maternal estriols begin to fall,
there is no RDS. However, estriol values that remain
unchanged or are increased cause fetal RDS.

Glucocorticoids also influence fetal behavior. They
level the diurnal rhythm of fetal hormones. Bethametha-
sone leads to decreased fetal breathing, fetal movements
and fetal heart rate. When the therapy is stopped, all
described effects disappear. Dexamethasone leads to
increased frequency of FHR.

Among all hormones used in fetal lung maturation
acceleration, glucocorticoids given to the mother are the
most effective in decreasing:

— IRDS incidence;

—IVH;

- PVL;

— ROP;

— NEG;

- PDA.

Recommendations for the use of corticosteroid therapy

Generally the US National Institute of Health official
guidelines are followed on the use of glucocorticoids in
fetuses in cases of preterm deliveries:

1) Indications: Pregnancies between the 24" and 34"
week of gestation where delivery is estimated within 24
hours.

Pregnancies above the 34™ week of gestation with
proven fetal lung immaturity.

2) Absolute indications: chorioamnionitis, peptic ulcer
and tuberculosis.

3) Dosage - Bethamethasone, 12 mg (50% phosphate,
50% acetate) IM for 24 hours, divided into the next three
days (pregnant patients under 70 kg of body mass accord-
ing to body mass index, 0.2 mg/kg).

All fetuses between the 24" and 34™ week of gestation
can be potential candidates for this method. The excep-
tion is a case when delivery may start within the next 24
hours or if there are maternal contraindications. If
PPROM starts before the 30™ or 32™ week of gestation
and if there is no chorioamnionitis, glucocorticoids are
recommended in order to decrease the possibility of IVH.

To achieve the desired effects of corticosteroid therapy,
it is necessary to wait 24 to 48 hours after administration
for the delivery.

Our clinical experience shows the great efficacy of cor-
ticosteroid therapy.

Artificial fetal lung maturation by thyroxin

The data has shown significant effects, thus this
therapy has started to be applied in humans after animal
models.

However, prenatal therapy by thyroxin has not been
examined in detail like glucocorticoids. Therapy is
applied by injection of 500 pg of levo-thyroxin sodium
into the amniotic cavity, with repetition of the same dose
after three to five days. The efficacy is almost identical to
steroid therapy.

The multifold efficacy of corticosteroids in combina-
tion with TRH has been proven.

Side-effects of TRH were found when TRH stimulation
was conducted in the period that is crucial for develop-
ment of the fetal nervous system and fetal brain.

Nonetheless the results of combined thyroid hormones
and glucocorticoids were negated in the large Austrian
study with 1,234 women between the 24" and 31* week
of gestation. By administering 200 pg of thyroid
hormone in four individual doses in combination with
glucocorticoids, a significant decrease in RDS was
obtained together with reduced need of assisted ventila-
tion of premature neonates. On the contrary, maternal
side-effects, such as nausea, vomiting, headache and
hypertension (140/90 mmHg) were significant in relation
to the positive effects of this combined therapy.

Artificial fetal lung maturation by aminophylline

Aminophylline and betamimetics

Even though good effects have been obtained by pre-
natal aminophylline, this approach needs additional
research. It is supposed that aminophylline acts through
the increased concentration of cyclic adenosine 5-
monophosphate (cAMP) to intracellular surfactant syn-
thesis, but also to the indirect surfactant depot discharg-
ing out of the pneumocytes.

Aminophylline acts as a central breathing stimulator,
smooth muscle relaxant (uterus, bronchia and blood
vessels), leading to bronchodilatation in immature lungs.
Aminophylline increases fetal breathing pocesses thus it
can be useful in the prevention of fetal pulmonary
hypoplasia in the increased possibility of entering surfac-
tants in utero application, and in treating apnea and
immaturity. Aminophylline is a promising solution but its
application in decreasing IRDS needs further study.

Aminophylline increases fetal breathing activity and it
can help the effects of artificially administered injected
surfactant.

Artificial fetal lung maturation by surfactants

Surfactants

By applying surfactants the incidence of respiratory
tract insufficiency is prevented, but immaturity of other
organs is not influenced. Very often, if there are technical
and material possibilities, the combination of these two
methods is applied.

Treatment includes administration of surfactants into
the lower trachea by the endotracheal tube in newborns
with a body weights from 600 to 2000 g who show clin-
ical and radiological signs of RDS, and require intermit-
tant positive pressure ventilation (IPPV) determined by
FiO2 more than 40% and less than 60%.
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In order to achieve the desired effects, the following
criteria should be satisfied:

1. Surfactant is injected by the needle for amniocente-
sis under ultrasound control near the nostrils or mouth of
the fetus and its spread into the upper respiratory paths
can be observed.

2. Fetal breathing movement (FBM) is increased by
giving aminophylline to the mother.

3. To a certain extent, aminophylline leads to smooth
muscle relaxation and decreased resistance to surfactant
passage through the trachea.

4. Part of the surfactant enters the fetal gastrointesti-
nal tract.

Administration includes giving bolus aminophylline
(240 mg) to the mother for ten minutes in the form of IV
infusion 0.1-0.2 mg/kg/min. By subsequent color
Doppler increased fetal breathing activity can be con-
firmed, and when breathing movements appear, the
needle for amniocentesis is placed near the fetal mouth
and 80-120 mg of Curosurf surfactant is applied.

Some aspects undoubtedly show the positive effects of
surfactant intraamnional application in combination with
aminophyline infusion given to the mother:

1. Surfactant injected near the fetal nostrils or mouth
enters the fetal trachea.

2. Aminophylline given to the mother increases fetal
breathing movements which is confirmed by subsequent
color Doppler.

3. The decrease of bronchial smooth muscle resistance
enables the passage of surfactants.

4. Surfactants are partially swallowed by the stomach.

5. Surfactant distribution is continued to the smallest
fetal lung alveoli.

Artificial fetal lung maturation by inositole
Basic study

Inositole, alcohol sugar, is a preparation similar to vit-
amins, and is included in the growth and determination of
cell membranes responsible for signal spreading.

Because of a glucocorticoid effect to lung growth and
body mass indexes, inositol was given in combination
with glucocorticoids to pregnant animals and the effects
of the growth parameters were observed. Animal studies
show that inositole administration increases surfactant
secretion in the lungs of pregnant rabbits. There is an
increase in the weight of the lungs, protein contents and
DNA. A special significance of inositole administration
can be seen in male neonates where inositole together
with bethamethasone leads to decreased IRDS statisti-
cally more often than with bethamethasone alone.

Artificial fetal lung maturation by beta adrenergic
agonists

The mechanism of fetal lung maturation by betamimetic
agents has been studied in many experimental studies and
it includes:

1. An increase of uterine blood flow and placental
phospholipid transfer from mother to fetus.

2. Decrease or suppression of collagen synthesis in the
lungs, influencing the mechanical characteristics of fetal
lungs.

3. Decreased lecithin precursor incorporation in pneu-
mocytes type 2; under in vitro conditions ritodrin leads to
a choline increase or plamitat decrease, while inox-
suprine leads to a mild decrease of both precursors.

4. Production and secretion of surfactants in type 2
epithelial cells.

5. Synergism in other markers of fetal maturity.
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