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Abstract
Aim—To determine if terbutaline given to
mothers before elective caesarean section
facilitates neonatal respiration and me-
tabolism.
Methods—A randomised controlled trial
of 25 full term infants delivered by elective
caesarean section was conducted. The
mothers received a continuous infusion of
terbutaline or saline 120–0 minutes before
birth. Umbilical artery blood was col-
lected at birth and analysed for blood
gases and catecholamines. The lung func-
tion of each infant was assessed two hours
after birth, and blood pressure, heart rate,
blood glucose and body temperature were
monitored until 24 hours of age.
Results—The infants of the treated moth-
ers (n=13) had significantly higher dy-
namic lung compliance (p<0.001), lower
airway resistance (p<0.001), and respira-
tory frequency than control infants
(n=12). Blood glucose and adrenaline con-
centrations were significantly higher in
the treated group (p=0.0014 and p<0.01).
None of these infants had any clinical res-
piratory diYculties; there were two cases
of transient tachypnoea in the control
group. No negative side eVects due to the
terbutaline treatment were seen among
the infants. The mothers felt no discom-
fort caused by the terbutaline infusion,
although they bled more during surgery
(p=0.03).
Conclusion—Stimulation of the â adreno-
ceptors in utero with terbutaline infusion
to the mothers promotes neonatal respira-
tory and metabolic adaptation after elec-
tive caesarean section.
(Arch Dis Child Fetal Neonatal Ed 1999;80:F88–F92)
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Newborn infants delivered by elective caesar-
ean section before the onset of labour have a
higher respiratory morbidity.1–8 The incidence
of respiratory distress syndrome (RDS) at term
was 2.2 per 1000 deliveries, and of transient
tachypnoea of the newborn (TTN), 5.7 per
1000 deliveries, according to a recent UK
study.9 Infants delivered by elective caesarean
section had an odds ratio of 6.8 of developing
respiratory problems compared with vaginally
delivered infants and 2.9 compared with
infants delivered by caesarean section during
labour.9

The explanation for the association between
elective caesarean section and respiratory
problems could be that labour is important for
neonatal adaptation. The squeezing and
squashing of the infant during vaginal delivery
triggers a surge of hormones at birth, particu-
larly catecholamines.10–16 These catecho-
lamines, particularly adrenaline, inhibit lung
liquid secretion and stimulate its absorption,
which enhances aereation of the lungs.1 7 8 17

Studies of transepithelial electrical potential
diVerence and ion transport, which show
dysfunction in infants delivered by elective
caesarean section and in infants with TTN,
support an important role for labour in the
transition of pulmonary ion transport at birth.18

Several animal and human studies have
shown that increased catecholamine concen-
trations during labour also promote surfactant
secretion, which is essential for the final adap-
tation of the lung to air breathing.8 19 Antepar-
tum administration of â stimulating drugs to
premature infants has reduced the incidence of
RDS.20 21 Studies of fetal rabbit lung have
shown increased lung volumes, reduced fluid in
the airways, and a more rapid dehydration of
the lungs postnatally in fetuses treated with a â2

stimulating drug (terbutaline). Several tenta-
tive mechanisms behind this â mimetic medi-
ated response have been suggested, such as
dilatation of the bronchioles and a direct eVect
on the production of pulmonary fluid by the
respiratory epithelium.22

An association between catecholamines and
metabolic adaptation has been shown. Term
infants delivered by caesarean section before
labour have lower cord blood glucose than
vaginally delivered infants.13 There is a higher
incidence of hypoglycaemia in term neonates
born by caesarean section than by vaginal
delivery.13 23 24

Our hypothesis is that the eVects of labour
could be simulated by a â mimetic preopera-
tively administered to the mother. This hypoth-
esis is corroborated by the finding that â
adrenoceptor blocking drugs impair neonatal
respiratory adaptation25–28 and are associated
with neonatal hypoglycaemia.27–29 To test this
hypothesis, we performed a randomised con-
trolled study by treating women before elective
caesarean section with a â adrenoceptor
agonist (terbutaline), and we analysed the neo-
natal adaptation of the oVsprings with respect
to lung function, glucose homeostasis, and
body temperature. Terbutaline was chosen as it
is often routinely used to inhibit preterm
labour when caesarean section is planned.
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Methods
Twenty five full term infants, all healthy and
delivered by elective caesarean section using
spinal anaesthesia, were included in the study.
The indication for section was breech presenta-
tion or cephalopelvic disproportion, previous
caesarean section, or humanitarian reasons. All
mothers were healthy, median age 31 (23–43)
years, with normal pregnancies and normal
blood pressure and blood glucose (â glucose)
during pregnancy. Four of the mothers were
smokers, two in each group. Data regarding the
infants are shown in table 1.

The mothers were randomised according to
a double blind protocol to receive either â
mimetics or placebo. Maternal blood pressure,
heart rate, and â glucose were measured two
hours preoperatively, thereafter an infusion was
initiated with terbutaline: 0.30 (0.30–0.45)
mg/h (median and range). The controls were
given saline using the same volume. Total dose
of terbutaline was 0.80 (0.45–1.00) mg. The
infusion was given until birth. Heart rate, blood
pressure, and â glucose were monitored during
infusion to detect possible side eVects.

Arterial blood was sampled from the double
clamped umbilical cord at delivery for calcium
agonist analysis (adrenaline, noradrenaline,
and dopamine) and for blood gases (Po2, Pco2,
pH, base excess).

The newborn infants were transferred in a
transport incubator from theatre to the
maternity ward where they were dressed and
kept in open cots at normal room temperature.
Body temperature, respiratory frequency,
blood pressure, heart rate, and â glucose were

monitored at 30 minutes and at one, two, six
and 12 hours after birth. The infants were
weighed daily until discharged.

Two hours after birth lung function was
tested. Tidal volume, dynamic lung compli-
ance, and airway resistance were measured
three times consecutively during quiet sponta-
neous sleep using a Bicore CP-100 pneumota-
chometer. A soft rubber mask was held tightly
over the baby’s mouth and nose so that no air
could leak out. When the baby was breathing
quietly the measurements were made with a
passive mechanics occlusion technique.30 One
doctor performed all measurements on all
infants without knowledge of the mode of
treatment. Complications such as respiratory
problems, feeding diYculties, or other compli-
cations that occurred during the hospital stay
were recorded.

The neonatal and maternal â glucose
samples were taken from the infants by
heel-prick and from the mothers’ fingertips and
analysed on an Accu-Chek II monitor (Boe-
hringer Mannheim Corporation, Germany).
The blood gases were analysed immediately on
a Radiometer ABL 500. The samples for
calcium agonists were collected in chilled plas-
tic tubes containing EDTA–glutathion, kept on
ice, and centrifuged within 15 minutes. The
plasma was separated, immediately frozen, and
saved for later analysis with high performance
liquid chromatography (HPLC).

The Mann-Whitney U test for unpaired
measurements and the Wilcoxon rank sum test
for paired measurements were used for statisti-
cal evaluation. A value of p<0.05 was regarded
as significant.

The project was approved by the ethical
committee at the Karolinska Hospital. In-
formed consent was obtained from both
parents.

Results
None of the women felt any discomfort from
the terbutaline infusion, apart from a few cases
of slight palpitation. However, actual maternal

Table 1 Infant data [Mean (1 SD)]

Terbutaline n=13 Controls n=12

Gestational age
(weeks) 38.9 (0.9) 38.7 (0.7)

Birthweight (g) 3310 (425) 3338 (553)
Birth height (cm) 49 (2) 48 (3)
Apgar score 1 min 9.0 (0) 8.8 (0.4)
Apgar score 5 min 9.9 (0.3) 9.8 (0.4)
Cord blood BE −5.2 (3.2) −2.7 (2.2) p<0.01
Cord blood pH 7.28 (0.05) 7.30 (0.03)

Figure 1 Maternal heart rate, mean arterial blood pressure (MAP), and blood glucose concentrations 2 hours
preoperatively, at birth, and 2 hours after birth in the terbutaline (j) and the control (h) group (mean ± 1 SD)
(**p<0.01).
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heart rate was significantly higher in the terbu-
taline group than in the controls after two
hours of infusion (p<0.01) (fig 1). Before infu-
sion the heart rate and blood pressure were
normal and did not diVer between the groups.
Blood pressure did not increase in either group
after infusion (fig 1).

Before infusion, blood glucose was normal in
the control group and a little low in the terbu-
taline group two hours before surgery. The
mothers had by then been fasting for over 6
hours. Just before birth â glucose had increased
significantly in the terbutaline group (p<0.01)
whereas in the control group â glucose was
slightly decreased (fig 1).

The amount of peroperative bleeding was
significantly higher in the terbutaline group
than in the control group: 600 ml (300–2100)
and 325 ml (200–800), respectively (median
and range) (p< 0.05). This bleeding could be
stopped by administering 1 mg intravenous
propranolol (a non-selective â adrenoceptor
blocker) after the baby was born. Six out of 13
terbutaline treated mothers received pro-
pranolol. In all six cases the bleeding decreased
after the injection. Where bleeding was exces-
sive (2100 ml), neither additional oxytocin nor
propranolol was administered, and the bleed-
ing persisted postoperatively.

In the control group two cases had a
reported atonic uterus. Both contracted ad-
equately after additional administration of oxy-
tocin (5 ml bolus dose + 50 ml in continuous
infusion). Two patients in the control group
received propranolol.

Thirteen infants received terbutaline and 12
infants received saline and served as controls.
The heart rate was significantly higher among
the infants in the terbutaline group than in the
control group at two hours (p<0.05) and at 12
hours (p<0.05) after birth. A decline over time
was seen in both groups. The blood pressure

was normal and similar in the two groups at
two and at 12 hours (fig 2). One infant in the
terbutaline group had a hip joint dislocation,
one had hyperbilirubinaemia (not treated), and
two infants lost more than 10% of their body
weight. Two infants in the control group had
transient tachypnoea, one had a severe hy-
poglycaemia (â glucose 0.8 mmol/l) which
required glucose infusion, and one infant lost
more than 10% in body weight.

Arterial blood gases did not diVer between
the groups, except for the base excess which
was significantly higher in the terbutaline
treated group (p<0.001). Apgar score and
birthweight were equal in both groups (table
1). The mean axillary temperature tended to be
higher in the terbutaline treated group, al-
though this was not significant (fig 3).

The infants of the mothers who had received
â agonists had significantly lower airway resist-
ance (p<0.001) and higher lung compliance
(p<0.001) than controls. Adrenaline concen-
trations correlated significantly with dynamic
lung compliance in the terbutaline treated
neonates (r=0.74) (p<0.01), but no such
correlation was found in the controls.

The respiratory frequency was lower in the
terbutaline treated group (table 2). The diVer-
ence was significant at 30 minutes (p<0.01), at
one hour, and 12 hours (p<0.05), but not at
two and six hours (fig 3). There was a positive
correlation between airway resistance and
respiratory frequency at one and two hours in
the terbutaline group (r=0.76) (p=0.005), but
not in the control group.

The adrenaline concentrations were signifi-
cantly higher in the terbutaline group than in
the control group: 4.4(1.0-5.6) nmol/l vs
1.7(0.3-3.8) nmol/l (median and range)
(p<0.01). The noradrenaline concentrations
showed no significant diVerence, but were

Figure 2 Neonatal heart rate, mean arterial blood pressure (MAP), and blood glucose concentrations in the terbutaline
(j) and control (h) groups (mean ± 1 SD) (*p<0.05, **p<0.01).
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higher in the terbutaline group: 16.2 (3.2-38.0)
nmol/l vs 10.4 (3.0-27.7) nmol/l.

The infants in the control group developed
hypoglycaemia (defined as blood glucose < 2.0
mmol/l) more often than the terbutaline
treated infants. Two hours after birth the mean
blood glucose value was significantly higher in
the terbutaline group than in the control group
(p<0.01). Hypoglycaemia—with or without
symptoms—was seen in nine out of 12 infants
(75%) in the control group two hours after
birth. After 12 hours eight of the infants (67%)
still had a blood glucose concentration below
2.0 mmol/l despite the fact that they had all
been fed after the observation of the first low
value. In the terbutaline group only one out of
13 (8%) was hypoglycaemic at two hours, and
three out of 13 (23%) at 12 hours of age (fig 2).

Discussion
Our main finding was that infants delivered by
elective caesarean section whose mothers were
given terbutaline had lower respiratory mor-
bidity and better lung function. They also had
higher adrenaline and blood glucose concen-

trations than the infants in the control group.
This finding supports our hypothesis that
stimulation of â adrenoceptors during normal
birth is possible to attain by treating the moth-
ers with a â adrenoceptor agonist before
elective caesarean section.

The lower respiratory morbidity and higher
dynamic lung compliance in the terbutaline
treated group suggest that the lung liquid was
more eVectively removed3 8 17 22 and/or more
surfactant released.8 19 This finding corrobo-
rates our earlier observation of a correlation
between dynamic lung compliance and cat-
echolamine surge at birth.1

The treatment also increased â glucose con-
centrations. The mean â glucose value in the
terbutaline group was significantly higher than
in the control group and in the same range as
that previously reported for normal vaginally
delivered infants.3 13 The incidence of asympto-
matic hypoglycaemia in the control group was
higher than reported before,20 21 possibly at
least partially due to the selected material; all
infants were term and appropriate for
gestational age—that is, explicitly “unstressed.”

Body temperature tended to be higher in the
terbutaline group than in the control group. An
earlier study has shown that infants delivered
vaginally and sustaining labour have higher
body temperatures than infants delivered by
elective caesaerean section.30

Terbutaline has a direct stimulating eVect on
the â adrenergic receptors. The eVect of terbu-
taline could also be mediated indirectly by
stimulation of adrenaline release.17 The first
mechanism is well known and can be further
supported by the fact that all terbutaline
treated infants had better lung function and
higher â glucose concentrations than the
control infants although the catecholamine
concentrations were not always higher. Higher
catecholamine concentrations and correlation
between adrenaline concentrations and lung
compliance in the terbutaline group indicate
that an increased secretion of endogenous
adrenaline might have mediated the terbutaline
eVect.

No major side eVect of the terbutaline treat-
ment was observed in the mothers except for
increased obstetric bleeding. Propranolol ad-
ministered in six cases limited the bleeding. An
immediate postpartum injection of propranolol
to all the women who received terbutaline
might have prevented the increased bleeds, at
least partially.

The terbutaline dose used in our study was
suYcient to result in significant diVerences in
dynamic lung compliance, airway resistance,
and â glucose concentrations between the
infants of the treated and the non-treated
women. It could possibly be lowered to avoid
increased maternal bleeding. Alternative ways
of administering the drug could also be
discussed, such as postnatal inhalation.

Whether preterm infants (<37 weeks)
should be given terbutaline before elective cae-
sarean section must be investigated in a
separate study, as their â adrenergic receptors
are not suYciently mature.17 22 31 In a recent
British survey normal full term infants deliv-

Figure 3 Respiratory rate and axillary temperature in the
terbutaline (■) and control (h ) group (mean ± 1 SD)
(*p<0.05, **p<0.01).
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Table 2 Dynamic lung compliance, airway resistance and
respiratory rate at 2 hrs of age [Mean (1 SD)]

Terbutaline n=13 Controls n=12

Compliance (ml/cm
H2O) 3.4 (1.4) 2.1 (0.8) (p<0.001)

Resistance (cm
H2O/l/s) 21 (4) 37 (4) (p<0.001)

Respiratory rate
(breaths/min) 54 (12) 61 (14) (NS)
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ered by elective caesarean section developed
impaired neonatal respiration adaptation to
varying degrees, particularly when the caesar-
ean section was performed before the 39th
gestational week.9

We conclude that postnatal adaptation after
elective caesarean section can be promoted by
preoperative administration of â adrenergic
drugs to the mother. This may not be of clini-
cal importance for all infants born by elective
caesarean section. However it could be relevant
for infants born between 37 and 39 weeks21 22 31

or large for date infants,32 if the maternal side
eVects such as bleeding can be limited.

This study was supported by the Swedish Medical Research
Council (Grant No 5234).
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