
Effectiveness and safety of the oxytocin antagonist atosiban versus
beta-adrenergic agonists in the treatment of preterm labour

The Worldwide Atosiban versus Beta-agonists Study Group
Participants are listed in Appendix A*

Objective To compare the effectiveness and safety of the oxytocin antagonist atosiban with conventional beta-
adrenergic agonist (beta-agonist) therapy in the treatment of preterm labour.

Design Three multinational, multicentre, double-blind, randomised, controlled trials.

Setting Hospitals in Australia, Canada, Czech Republic, Denmark, France, Israel, Sweden, and the UK.

Population Women diagnosed with preterm labour at 23±33 completed weeks of gestation.

Methods Seven hundred and forty-two women were randomised; 733 received atosiban (n� 363; intravenous
(iv) bolus dose of 6.75 mg, then 300 mg/minute iv. for 3h and 100 mg/min iv thereafter) or beta-agonist
(n� 379; ritodrine, salbutamol or terbutaline iv; dose titrated) for at least 18h and up to 48 hours. Uterine
contraction rate, cervical dilatation and effacement were used to assess progression of labour. An all patients
treated analysis, using the Cochran-Mantel-Haenszel test, was performed.

Main outcome measures Tocolytic effectiveness was assessed in terms of the number of women undelivered
after 48 hours and seven days. Safety was assessed in terms of maternal side effects and neonatal morbidity.

Results There were no signi®cant differences between atosiban and b -agonists in delaying delivery for 48h
(88.1% vs 88.9%; P� 0.99) or seven days (79.7% versus 77.6%; P� 0.28). Tocolytic effectiveness was also
similar in terms of mean [SD] gestational age at delivery (35.8 [3.9] weeks vs 35.5 [4.1] weeks) and mean [SD]
birthweight (2491 [813] g versus 2461 [831] g). Maternal side effects, particularly cardiovascular adverse
events (8.3% vs 81.2%, P , 0.001), were reported more frequently in women given b -agonists, resulting in
more treatment discontinuations due to side effects (1.1% vs 15.4%, P� 0.0001). No statistical differences in
neonatal/infant outcomes were observed with either study medication.

Conclusions In the largest study of tocolytic therapy to date, atosiban was comparable in clinical effectiveness to
conventional beta-agonist therapy, but was associated with fewer maternal cardiovascular side effects. We
conclude that atosiban has clinical advantages over current tocolytic therapy.

INTRODUCTION

Preterm birth of less than 37 completed weeks of gesta-
tion1 occurs in 5% to 10% of all pregnancies, leading to
an estimated 13 million preterm births worldwide2.
Preterm birth is associated with an unfavourable neonatal
outcome, accounting for more than two-thirds of all
singleton neonatal deaths excluding congenital malfor-
mations3,4. In addition, the incidence of severe neonatal
morbidity (e.g. respiratory distress syndrome, intraventri-
cular haemorrhage) increases with decreasing gestational
age at delivery5, and 10% of infants born at , 28 weeks
of gestation will be severely handicapped and require
life-long care6. Delaying delivery enables the implemen-
tation of bene®cial clinical strategies, such as the admin-
istration of antepartum corticosteroids7 or in utero
transfer to a specialised care facility8. At very preterm
gestations, prolonging pregnancy by even a few days may
improve neonatal survival, which before 26 gestational
weeks increases by 3% per day9.

Strategies to prevent preterm birth in women in early
preterm labour include the inhibition of uterine contracti-
lity through tocolysis10. Many different tocolytic agents
have been used over the years and current clinical practice
includes the administration of beta-adrenergic agonists,
magnesium sulphate, prostaglandin synthetase inhibitors
and calcium channel blockers, sometimes in combina-
tion10. Beta-agonists have been used extensively for the
prevention of preterm birth and have been shown to be
effective in prolonging pregnancy for at least 48 hours11±12.
Due to their inherent lack of speci®city, beta-agonists are
associated with signi®cant maternal and fetal adverse
events13. Clinically relevant side effects, such as maternal
tachycardia, and palpitation, and fetal tachycardia have
caused treatment discontinuations in 14% of women12.
Rare and life threatening maternal cardiovascular events
such as myocardial ischaemia14 and pulmonary oedema15

are also well documented13. Consequently, there is a medi-
cal need to develop more uterine-speci®c tocolytic agents
to overcome these potentially harmful systemic side
effects10.

It is well known that oxytocin is not only a potent initiator
of uterine contractility at term16 but also appears to have an
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important role in the onset of preterm labour17±18. Further-
more, the increase in oxytocin receptor density in the
myometrium during late pregnancy correlates well with
increased uterine activity19. Atosiban, an oxytocin antago-
nist, has been shown to inhibit preterm uterine contractions
effectively in placebo-controlled clinical trials20±21 without
causing any signi®cant cardiovascular, pulmonary or
central nervous system side effects20.

We report an analysis of the pooled data from three
randomised clinical trials with the same study design that
compared the tocolytic effectiveness and safety of atosi-
ban with beta-agonists (ritodrine, salbutamol and terbuta-
line) in the treatment of preterm labour.

METHODS

This pooled analysis used the combined data from
three randomised, double-blind, double-dummy,
controlled trials conducted at 75 centres across eight
countries comparing atosiban with the beta-agonist
agent currently used in the participating country. The
study protocols were approved by the ethics committees
of the participating centres and conducted in accordance
with the principles outlined in the Declaration of
Helsinki22 and Good Clinical Practice. Signed, informed
consent was obtained from all participants at enrolment.

The inclusion criteria were: regular preterm uterine
contractions ($30 seconds duration at a rate of $ 4/30
min, con®rmed by at least 1h external tocography), cervi-
cal dilatation of 0±3 cm (for nulliparae) or 1±3 cm (for
multiparae), cervical effacement of $ 50%, $ 18 years of
age or of legal consenting age, gestational age between
23±33 weeks (con®rmed by ultrasound before 20 weeks
and/or reliable menstrual dates). Exclusion criteria were
high-order multiple pregnancy greater than twins,
ruptured membranes, major vaginal bleeding, severe
pre-eclampsia or hypertension, fever (body temperature
. 37.58C), urinary tract infection, fetal/placental
abnormalities (e.g. major congenital anomalies, placental
abruption, intrauterine growth retardation), serious
maternal disease, any contraindication to the use of b-
agonists, alcohol or drug abuse, history of hypersensitiv-
ity to any component of the study drugs, previous expo-
sure to any tocolytic therapy within six hours (or within
12 hours for indomethacin) of study entry, and participa-
tion in a clinical trial of an experimental drug within the
previous month.

Two randomisation lists, prepared by SciAn Clinical,
Toronto, Canada, were produced per country and strati-
®cation was carried out by gestational age # 28 weeks
and . 28 weeks. Random block sizes of variable size
were used. To blind the study treatment from the inves-
tigator/participant, a double-dummy technique was used,
whereby the study medications had identical shape, size
and colour. They were supplied in pre-randomised boxes

labelled with the country code and case number by
Ferring Pharmaceuticals, MalmoÈ, Sweden. After rando-
misation to treatment group, women were administered
atosiban or beta-agonist (ritodrine in Canada and Israel,
terbutaline in the Czech Republic, Denmark, Sweden and
the UK, or salbutamol in Australia and France) as
follows. Atosiban (Ferring Pharmaceuticals, MalmoÈ,
Sweden) was given as a single iv bolus dose (6.75 mg
in 0.9 mL normal saline), followed by an iv infusion of
300 mg/min atosiban in 5% dextrose for the ®rst 3h and
then 100 mg/min atosiban in 5% dextrose for at least 18h
and up to 48h. Separately but simultaneously, a placebo
iv infusion of 5% dextrose corresponding to beta-agonist
was administered by dose titration at a rate of 100±350
mg/min for ritodrine (Yutopar, Bristol-Myers Squibb,
Montreal, Canada), 5±20 mg/min for terbutaline (Brica-
nyl; Astra Draco, Lund, Sweden) and 2.5±45 mg/min for
salbutamol (Salbuvent, Nycomed Pharma AS, Denmark
[France]; salbutamol, Allen and Hanbury, Australia). For
the beta-agonist group, a placebo (normal saline) was
administered as a single bolus injection (0.9 mL)
followed by an iv infusion at a rate corresponding to
the atosiban infusion (see above). Separately but simul-
taneously, beta-agonist in 5% dextrose was given as an iv
infusion by dose titration (see above).

The main outcomes of interest in the all patients trea-
ted analysis population were the effectiveness and safety
of atosiban vs beta-agonist in conventional tocolytic ther-
apy. Tocolytic effectiveness was assessed in terms of the
total number of women undelivered after 48 hours and
seven days of starting treatment. Safety was assessed by
maternal side effects, with particular emphasis on cardi-
ovascular adverse events (i.e. pulmonary oedema, chest
pain, myocardial ischaemia, dyspnoea, palpitation, tachy-
cardia, hypotension and syncope), and neonatal morbid-
ity. Tocolytic ef®cacy and tolerability was assessed in
terms of the proportion of women who did not deliver
and who did not require alternative tocolysis within seven
days of initiation of therapy, in addition to an assessment
of the progression of labour (see below). For ethical
reasons, a composite endpoint was used as a measure of
ef®cacy (herein described as `tocolytic ef®cacy and toler-
ability'), since many of the investigators were opposed to
a protocol that did not allow administration of alternative
tocolysis in the event of the progression of labour (treat-
ment failure, see below). However, treatment failure also
included women who discontinued treatment due to
adverse events and, consequently, the ef®cacy endpoint
used in this study was a composite of both ef®cacy and
tolerability.

Secondary outcome measures were mean infant birth-
weight and mean gestational age at delivery.

Alternative tocolysis could be given as rescue therapy
if treatment with the study drug failed, due to either
progression of labour or side effects of the study drug,
as judged by the investigator. The choice of alternative
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tocolytic treatment was decided by the investigator and
re¯ected local practice preferences. Combinations of
alternative tocolytic agents could be given, but atosiban
was not administered as `rescue therapy' in the beta-
agonist treatment arm (i.e. this was not a crossover
study). Progression of preterm labour was assumed
when any two of the following three criteria were met:
a contraction rate $ 4/h, an increase in cervical dilation
of $ 1 cm from the initial measurement, and an increase
in cervical effacement $ 25% from the initial measure-
ment. The administration of an alternative tocolytic agent
was dependent on both ef®cacy and tolerability of study
medication. An assessment of study treatments was
optional at six or 12 hours after initiation of therapy if
the investigator was concerned that labour was progres-
sing despite study drug administration. If labour
progressed, then study treatment was stopped and an
alternative tocolytic agent was administered at the discre-
tion of the investigator. At the end of the infusion period,
labour progression was always assessed by a cervical
examination and by recording uterine activity by external
monitoring.

Uterine contraction frequency was monitored continu-
ously for the ®rst two hours after treatment initiation
using an external tocodynamometer, and then for varying
periods (usually one hour) at different intervals (24 or 48
hours), depending on country. Women who had a recur-
rence of preterm labour at any time after the cessation of
study treatment could be re-treated with the same intra-
venous medication administered previously, provided
that no alternative tocolytic therapy was given, gesta-
tional age was , 34 weeks, and all other protocol elig-
ibility criteria were still met.

Maternal, fetal and infant adverse events were reported
until either discharge from hospital or neonatal death.
Maternal and fetal tachycardia were de®ned as a heart
rate of . 120 and . 170 beats per minute, respectively.
The primary and secondary outcomes of this analysis
were chosen based on the observations of The Canadian
Preterm Labour Investigators Group12.

Data from all sites were entered onto a central data-
base. Statistical analysis using SAS software (Version
6.12) was performed by the Biometrics Department,
Ferring Pharmaceuticals. For analysis of the main
outcomes of interest, an all patients treated population
was de®ned and included all women who received any
study medication (Fig. 1). The Cochran-Mantel-Haenszel
test was used to control for the centre effect23 in the
analyses. Other secondary outcomes were analysed
using the Wilcoxon Rank Sum test (normal approxima-
tion), x2 test, odds ratio with 95% con®dence intervals
and Kaplan-Meier survival analysis, where appropriate
(i.e. according to the studied endpoint). Safety outcomes
were analysed by descriptive statistics. Sample size was
determined as follows: 240 women in each of the three
component trials was suf®cient to show an 18% increase

from 38% in tocolytic ef®cacy, which was the reported
proportion of women undelivered at seven days in The
Canadian Preterm Labour Investigators Group study12. A
level of signi®cance of 5% (a � 0.05) and a power of
80% (b � 0.2) was used.

RESULTS

A total of 742 women diagnosed with preterm labour
between 23 and 33 completed weeks of gestation were
enrolled during the study period (February 1994 to Febru-
ary 1997 inclusive) and randomised to receive either
atosiban (n� 363) or beta-agonist (n� 379) (Fig. 1).
Nine (1.2%) who did not receive study medications
were excluded. Table 1 shows the reasons for disconti-
nuation before study drug administration and the
outcome. Consequently, 733 (98.8%) women were
included in the study (Fig. 1).

Baseline characteristics (Table 2) of the atosiban and
beta-agonist groups were comparable in terms of mean
gestational age (30.1 weeks and 30.0 weeks, respec-
tively), median number of contractions per 30 minutes
(8 and 7, respectively) and median cervical dilation (1 cm
and 1 cm, respectively). The groups were similarly
balanced with regard to gestational age subgroups (#
28 weeks and . 28 weeks), mean maternal age, parity
and ethnic origin (Table 2). However, more twin preg-
nancies were allocated to the beta-agonist group.

The proportion of women undelivered at seven days,
used as a measure of tocolytic effectiveness, was 79.7%
(n� 287) in the atosiban group and 77.6% (n� 288) in
the beta-agonist group (P� 0.28). The equivalent unde-
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Fig. 1. Trial pro®le. Distribution of subjects.
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livered rate at 48 hours was 88.1% (n� 317) and 88.9%
(n� 330), respectively (P� 0.99). The proportion of
singleton and multiple pregnancies undelivered at 48
hour and 7 days is shown in Table 3. The Kaplan-
Meier curve for the relationship between delivery rate
and the time to delivery for atosiban and beta-agonists
is shown in Fig. 2.

Overall, the most frequently reported maternal adverse
event following beta-agonist administration was tachy-
cardia (Table 4). Notably, the incidence of tachycardia
in women receiving beta-agonist was similar across all
three trials. Of clinical importance, one case of myocar-
dial ischaemia and two cases of pulmonary oedema
occurred in the b -agonist group. A third case of pulmon-
ary oedema was reported after one woman received
rescue therapy with a beta-agonist for seven days follow-
ing atosiban administration. The incidence of at least one
maternal cardiovascular side effect was 8.3% (n� 30) in
the atosiban group and 81.2% (n� 302) in the beta-
agonist group (P , 0.001). Maternal cardiovascular
side effects included all reported cases of pulmonary
oedema, chest pain, myocardial ischaemia, dyspnoea,
palpitation, tachycardia, hypotension and syncope. An
apparent increased incidence was observed in the beta-
agonist group for vomiting, headache, anxiety, tremor,
hyperglycaemia and hypokalaemia (Table 4). Four
women (1.1%) in the atosiban group and 56 women
(15.1%) in the beta-agonist group discontinued treatment
due to maternal adverse events (P� 0.0001). The propor-
tion of women who discontinued treatment due to mater-
nal adverse events only will not be the same as the
proportion of women who discontinued treatment per
se (Fig. 1), since the latter includes all women who termi-
nated drug therapy i.e. due to maternal/fetal adverse
events, progression of labour, delivery etc. Mean [SD]
heart rate (beats per minute) in women when study
drug treatment was discontinued was 86.2 [13.9]
(n� 61) in the atosiban group and 124.7 [19.6]
(n� 80) in the beta-agonist group (P� 0.0001).

A measure of tocolytic ef®cacy and tolerability,

de®ned as the proportion of women remaining undeliv-
ered and not requiring alternative tocolytic therapy after
seven days of starting study treatment, was higher in the
atosiban group (59.7% [n� 215]) compared with the
beta-agonist group (47.4% [n� 176]; P� 0.0003)
(Table 3), although the use of alternative tocolytic agents
was lower in the atosiban group (37.1% [n� 134]) than
in the beta-agonist group (46.5% [n� 173]; P� 0.01).
The odds ratios (95% CI) for this comparison between
atosiban and b -agonists were: ritodrine, 1.85 (1.06±
3.21); terbutaline, 1.62 (0.94±2.77); salbutamol, 1.89
(1.10±3.24); pooled, 1.78 (1.30±2.43) (Fig. 3). Homoge-
neity tests for the differences between trials did not show
signi®cant differences: undelivered at 48 hour, P� 0.82;
undelivered at 7 days, P� 0.31. In addition, the homo-
geneity of centre effects test also showed no signi®cant
difference between centres (x 2� 36.29, df� 42,
P� 0.72). A similar tocolytic ef®cacy and tolerability
endpoint, de®ned as the proportion of women not deliver-
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Table 2. Baseline characteristics of the participants who received study

medication. Values are given as n (%), mean [SD] or median {range}.

Atosiban

(n� 361)

Beta-agonists

(n� 372)

Maternal age (years) 26.8 [5.5] 27.0 [5.5]

Gestational age groups

# 28 weeks 69 (19.1) 75 (20.2)

. 28 weeks 292 (80.9) 297 (79.8)

Ethnic group

White 320 (88.6) 333 (89.5)

Black 16 (4.4) 12 (3.2)

Oriental 9 (2.5) 10 (2.7)

Other 16 (4.4) 17 (4.6)

Primigravidae 190 (52.6) 196 (52.7)

Pregnancy status

Singletons 317 (87.8) 312 (83.9)

Twins 44 (12.2) 60 (16.1)

Gestational age (weeks) 30.1 [2.3] 30.0 [2.5]

Contraction frequency

(n/30 min)

8 {4±48} 7 {4±22}

Cervical dilation (cm) 1 {0±3} 1 {0±3}

Table 1. Outcome of the nine women who did not receive the study drug allocated. CS� caesarean section.

Study drug allocated Reason for discontinuation before study drug

administration

Outcome

Terbutaline Rapid progress of labour Breech presentation; delivered by CS on same day

Terbutaline Rapid progress of labour Breech presentation; delivered by CS on same day

Terbutaline Rapid progress of labour Delivery same day

Terbutaline Rapid progress of labour Delivery same day

Terbutaline Contractions stopped Delivery 45 days later

Ritodrine Rapid progress of labour Delivery same day

Ritodrine Ineligibility according to protocol exclusion criteriaa Delivery same day

Atosiban Woman withdrew consent Delivery 10 days later

Atosiban Ineligibility according to protocol exclusion criteriab Delivery 39 days later

a Gestational diabetes. Since the woman was transferred from another hospital, this was noticed after randomisation, but before study drug administration.
b Age ,18 years. This protocol violation was noticed after randomisation, but before study drug administration. Woman received magnesium sulphate

instead.
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ing and not requiring alternative tocolytic therapy after
48 hours of starting study treatment, was 74.4%
(n� 268) in the atosiban group and 70.1% (n� 260) in
the beta-agonist group (P� 0.08) (Table 3). The interac-
tion between gestational age at randomisation and treat-
ment was evaluated but no overall interaction was found
(P� 0.41).

Signi®cantly fewer women received alternative toco-
lytic treatment following atosiban administration
compared with women given beta-agonists (Table 5).
The number of women in each arm of the study who
received alternative tocolytic treatment and the type of
alternative tocolytic agent used are shown in Table 6.

The proportion of women who did not receive re-treat-
ment with study medication during the duration of the
trials was 79.8% (n� 288) and 77.7% (n� 289) in the
atosiban and beta-agonist groups, respectively. The
proportion of women requiring more than one re-treat-
ment was 2.3% (n� 8) in the atosiban group and 3.8%

(n� 14) in the beta-agonist group. Neither of these
differences were statistically signi®cant.

Mean [SD] gestational age at delivery was comparable
in the two treatment groups, with values of 35.8 [3.9]
weeks and 35.5 [4.1] weeks for the atosiban and b-
agonist groups, respectively. The caesarean section rate
was 14.1% (n� 51) in the atosiban group and 19.4%
(n� 72) in the beta-agonist group. Mean [SD] birth-
weight was 2491 [813] g in the atosiban group and
2461 [831] g in the beta-agonist group (P� 0.58).
Major congenital anomalies were reported in seven
(1.7%) infants in the atosiban group and there were
four cases (0.9%) identi®ed in the beta-agonist group.
none of these differences between treatment groups
were statistically signi®cant.
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Fig. 2. Delivery rate and time to delivery for women administered atosiban

or b-agonists.

Table 4. Frequency (%) of maternal side effects among treated enrolled

women (APT population) according to treatment allocation.

Atosiban

(n� 361)

Beta-agonists

(n� 372)

Pulmonary oedema 1 (0.3)a 2 (0.5)

Myocardial ischaemia 0 1 (0.3)

Chest pain 4 (1.1) 18 (4.8)

Palpitation 8 (2.2) 58 (15.6)

Tachycardia 20 (5.5) 281 (75.5)

Hypotension 12 (3.3) 21 (5.7)

Dyspnoea 1 (0.3) 27 (7.3)

Syncope 2 (0.6) 2 (0.5)

Nausea 43 (11.9) 59 (15.9)

Vomiting 25 (6.9) 81 (21.8)

Headache 35 (9.7) 69 (18.6)

Anxiety 4 (1.1) 11 (3.0)

Tremor 5 (1.4) 59 (15.9)

Hyperglycaemia 23 (6.4) 46 (12.4)

Hypokalaemia 3 (0.8) 24 (6.5)

a After 7 days rescue therapy with b-agonist.

Table 3. Tocolytic effectiveness, and tocolytic ef®cacy and tolerability of atosiban and b-agonists at 48 hours and 7 days for singleton and multiple

pregnancies. Values are given as n (%) of women.

Atosiban b-agonists OR (95% CI) P

Singletons n� 317 n� 312

Tocolytic effectiveness

Undelivered at 48 hours 284 (89.9) 274 (88.1) 1.30 0.77±2.20 0.33

Undelivered at 7 days 260 (82.3) 242 (77.8) 1.49 0.94±2.35 0.09

Tocolytic ef®cacy & tolerabilitya

No failure at 48 hours 242 (76.6) 218 (70.1) 1.52 1.04±2.21 0.03

No failure at 7 days 193 (61.1) 151 (48.6) 1.88 1.33±2.66 0.004

Multiples n� 44 n� 60

Tocolytic effectiveness

Undelivered at 48 hours 33 (75.0) 56 (93.3) 0.21 b 0.003

Undelivered at 7 days 27 (61.4) 46 (76.7) 0.24 0.05±1.13 0.07

Tocolytic ef®cacy & tolerabilitya

No failure at 48 hours 26 (59.1) 42 (70.0) 0.05 0.14±1.78 0.28

No failure at 7 days 22 (50.0) 25 (41.7) 1.32 0.39±4.40 0.66

a Treatment failure� delivery within the time interval or need for alternative tocolysis.
b 95% CI not estimable.
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Fetal tachycardia was reported in 27.7% (n� 103) of
women administered b -agonist and 3.3% (n� 12)
receiving atosiban. Fetal bradycardia and fetal distress
(i.e. meconium, repetitive, late or profound variable
fetal heart rate deceleration) were reported in 3.8%
(n� 14) and 3.8% (n� 14) of pregnancies, respectively,
in the beta-agonist group and 6.4% (n� 23) and 3.6%
(n� 13), respectively, in the atosiban group. Again, none
of these differences between treatment groups were
statistically signi®cant.

The treatment groups were generally comparable with
regard to neonatal morbidities such as respiratory distress
syndrome, bradycardia, arrhythmia, patent ductus arter-
iosus, hypotension, sepsis and cerebral haemorrhage
(Table 7). Admission to a neonatal intensive care unit
was similar for both treatment groups (31.4% [127/405]
of live births in the atosiban group and 29.8% [128/430]
in the beta-agonist group), as was length of stay in a
neonatal intensive care unit and ventilation therapy.

There were 18 fetal/infant deaths during the study
period. Six deaths were reported in the atosiban group
(four singletons and two twins) and 12 deaths in the beta-
agonist group (®ve singletons and seven twins). Conse-
quently, the perinatal mortality rate was 14.7 per 1000 in
the atosiban group and 27.7 per 1000 in the beta-agonist
group. The indicated causes of death were complications
associated with prematurity, such as infection/sepsis,
respiratory distress syndrome, necrotising enterocolitis

and intraventricular haemorrhage. Of these deaths, three
were intrauterine deaths, two in the beta-agonist group
and one in the atosiban group. One unexplained stillbirth
in the atosiban group occurred 11 weeks after treatment
with atosiban. Two stillbirths occurred in the b -agonist
group two days after initiating therapy, and had no
obvious relationship to the administration of study
drug. None of these deaths were regarded by the investi-
gator to be related to the study medications.

DISCUSSION

We report the results of the largest clinical study
programme of tocolytic agents carried out to date. This
pooled analysis compared the clinical effectiveness and
safety of atosiban, the ®rst oxytocin antagonist tested in a
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Fig. 3. Centre-strati®ed log10 odds ratios (with 95% CI) for the proportion of women undelivered and not requiring alternative tocolysis after 7 days of starting

treatment in the three b-agonist trials and the pooled analysis

Table 5. Proportion of women (%) who received alternative tocolytic treat-

ment following atosiban or b-agonist administration.

Atosiban

(n� 361)

b-agonist

(n� 372)

P

Use of alternative

tocolytic treatment

134 (37.1) 173 (46.5) 0.01

Table 6. Frequency and types of alternative tocolytic agents used following

atosiban or b-agonist administration. NSAID � non-steroidal anti-in¯am-

matory drugs.

Type of alternative

tocolytic agent useda

Atosiban

(n� 361)

b-agonist

(n� 372)

b-agonistb 133 146

NSAIDc 27 36

Progesterone 23 29

Magnesium sulphate 20 21

Phloroglucinold 24 27

Calcium antagonistse 21 22

Tranquilizersf 2 2

Total 250 293

a Combinations of tocolytic agents were allowed.
b Ritodrine, terbutaline, salbutamol, fenoterol.
c Indomethacin, ketoprofen, diclofenac and sulindac.
d Spasfon.
e Nifedipine, nicardipine.
f Diazepam, clorazepam, hydroxyzine.
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clinical setting, with three beta-agonists (ritodrine, terbu-
taline and salbutamol) in the treatment of preterm labour.

Our all patients treated analysis showed that the
number of women remaining undelivered at 48 hours
and seven days after treatment initiation was comparable
between study medications, and this was used as a
measure of tocolytic effectiveness. In addition, other
established clinical endpoints, such as gestational age at
delivery, were also similar. The relatively high propor-
tion of undelivered women in both treatment groups is a
re¯ection of the strict eligibility criteria used, which
precluded women with ruptured membranes. However,
the principal difference between atosiban and beta-
agonists was the higher incidence of maternal side
effects, particularly cardiovascular adverse events, in
women receiving beta-agonists, which led to more than
a tenfold higher treatment discontinuation rate in these
women. This was supported by results from the tocolytic
ef®cacy and tolerability endpoint used in the clinical
trials, which showed that women were less likely to be
changed from atosiban because of side effects. Notably,
use of alternative tocolytic agents was signi®cantly
higher in women receiving beta-agonists. However, it
should be borne in mind that the tocolytic ef®cacy and
tolerability endpoint is a surrogate measure of ef®cacy
since it is a composite outcome of both the ef®cacy of
treatment and tolerability of women exposed to treat-
ment. These data indicate that atosiban is comparable
to conventional beta-agonist tocolytic therapy in delaying
preterm delivery but is much better tolerated by the
woman.

Earlier studies of atosiban in the treatment of preterm
labour have shown that the inhibition of uterine contrac-
tility by intravenous administration was associated with a
delay in delivery at least comparable to that of other
tocolytic agents20,21,24. Goodwin et al.24. compared four
different dosing regimens of atosiban with the standard

dosage of ritodrine. They reported that there was no
difference in delivery within 48 hours or the requirement
for alternative tocolysis between the optimal dosing regi-
men for atosiban and ritodrine, although fewer side
effects were associated with atosiban. More recently, a
randomised, double-blind, placebo-controlled trial
reported that maternal and fetal adverse events were simi-
lar following administration of atosiban or placebo,
except for subcutaneous injection site reactions which
occurred more frequently in maintenance therapy with
atosiban25. Despite a signi®cant difference in favour of
atosiban in the proportion of women remaining undeliv-
ered and not needing alternative tocolysis at seven days
(62% vs49%, odds ratio 1.70 [95% CI 1.17±2.46]), this
trial showed no difference in the delay of delivery
between atosiban and placebo. However, the trial was
compromised by including women with gestational
ages below 24 completed weeks and in advanced stages
of preterm labour. In addition, alternative tocolytic agents
were allowed to be administered after only one hour of
starting study therapy and were used ad hoc before failure
criteria were met (due to ethical reasons). All these
factors may have potentially reduced the difference in
outcomes between the placebo and atosiban treatments.

Although there have been a number of placebo-
controlled clinical trials conducted to compare beta-
agonists with placebo13, most of these studies have inves-
tigated the use of beta-agonists in maintenance therapy.
However, there is a paucity of similar trials for atosiban.
This is not surprising considering the ethical implications
associated with conducting a placebo-controlled arm of a
trial. In order to perform such a trial in preterm labour,
hospital ethics committees must be totally satis®ed that
the pregnant woman will be treated to accepted interna-
tional ethical standards and not be denied alternative,
effective treatment in harmful or potentially life-threaten-
ing situations. In many cases, this is very dif®cult to
satisfy when both mother and baby are threatened. There-
fore, we cannot currently quantify the effect of atosiban
against placebo. In the future, it may be clinically rele-
vant for placebo-controlled trials of all tocolytic agents to
be allowed by research and ethics committees.

The success or failure of tocolytic therapy has become
associated with a 48-hours threshold period since King et
al.11 published a meta-analysis of the randomised
controlled trials using beta-agonists, which showed that
these agents can signi®cantly prolong pregnancy for up to
48 hours. This was subsequently con®rmed by The Cana-
dian Preterm Labour Investigators Group12. The time
gained by the administration of tocolytic therapy until
delivery can be used to transfer the woman to a tertiary
neonatal care centre9 or to administer corticosteroids in
order to accelerate lung maturation8; corticosteroids
show their bene®cial effect when administered for at
least 48 hours and up to seven days26. Therefore, when
administered appropriately, tocolytic therapy may be of
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Table 7. Frequency of neonatal morbidity events (%) in the APT population

according to the study medication received.

Atosiban

(n� 406)

Beta-agonists

(n� 432)

Respiratory distress syndrome 79 (19.5) 85 (19.7)

Apnoea 36 (8.9) 20 (4.6)

Bradycardia 23 (5.7) 17 (3.9)

Arrhythmia 2 (0.5) 0

Patent ductus arteriosus 22 (5.4) 22 (5.1)

Hypotension 10 (2.5) 17 (3.9)

Sepsis 25 (6.2) 33 (7.6)

Cerebral haemorrhagea 18 (4.4) 23 (5.3)

Hypoxia/asphyxia 6 (1.5) 2 (0.5)

Retinopathy of prematurity 7 (1.7) 10 (2.3)

Anaemia 31 (7.6) 36 (8.3)

Thrombocytopenia 2 (0.5) 4 (0.9)

Hypoglycaemia 26 (6.4) 26 (6.0)

a Includes intraventricular haemorrhage
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clinical bene®t, since prolongation of pregnancy, espe-
cially at very low gestational ages, can have a profound
impact on neonatal survival7.

The bene®ts of tocolytic therapy are not easy to
demonstrate in clinical trials. At inclusion into a trial,
most of the women have already been transported to a
hospital offering highly specialised care for preterm birth
and, in many cases, tocolysis has already been adminis-
tered during transportation. Then there is the low rate of
preterm delivery reported in randomised controlled trials,
which is well documented and con®rmed in this study.
This presumably re¯ects the dif®culties in diagnosing
preterm labour, as well as the placebo effect. Should
the labour progress, it is not possible, for ethical reasons,
to withhold rescue therapy with alternative tocolytic
agents. Therefore, it may be unrealistic to expect that
improved infant outcome can be demonstrated in preterm
labour trials complying with acceptable ethical standards.
In addition, clinical trials may not have the necessary
power to show signi®cant differences between study
treatments due to the large numbers of participants
required. In this context, a post hoc power calculation
showed that, given the total study sample size, the 95%
con®dence interval for the difference between atosiban
and beta-agonists in terms of the proportion of undeliv-
ered women at seven days was ±3.8% to 18.0%. In the
clinical context, this analysis indicated that atosiban
could have been up to 8.0% better, or up to 3.8%
worse, than beta-agonist therapy for this endpoint.

Beta-agonists belong to a homogeneous class of phar-
macological agents eliciting their therapeutic actions via
the same type of beta-adrenergic receptors. Similarly,
these receptors are also responsible for mediating the
adverse events causing the poor tolerability of beta-
agonist drugs in preterm labour. In our analysis, atosiban
was shown to be well tolerated by women, whereas treat-
ment-related adverse events were frequently reported
after beta-agonist administration. As a result, many
women discontinued beta-agonist treatment due to side
effects. Beta-agonists are associated with a number of
severe side effects including pulmonary oedema, cardiac
arrhythmias and central nervous system disorders13. In
our analysis, treatment with beta-agonist drugs was asso-
ciated with the development of pulmonary oedema in
three women, con®rming the potential danger of beta-
agonist use. A similar relationship could not be estab-
lished for atosiban. One case of myocardial ischaemia
and many cases of chest pain, palpitation, tachycardia
and dyspnoea in the group treated with beta-agonists
further underline the poor safety pro®le inherent with
this class of pharmacological agent. On the contrary,
atosiban was shown to have an excellent maternal safety
pro®le, although this may have been affected unfavour-
ably by the use of alternative tocolytic drugs (beta-
agonists, indomethacin, magnesium sulphate and calcium
channel blockers). In addition, trial design did not allow

for cross-over of beta-agonist treatment failures to be
given atosiban as an alternative therapy, even although
the contrary was allowed. Fetal tolerability further
supported the use of atosiban, with fetal distress and
bradycardia similar to b -agonists, but with a much
lower incidence of fetal tachycardia.

Neonatal and infant outcomes did not reveal any differ-
ence favouring either treatment type. Adverse events
such as respiratory distress syndrome, bradycardia,
arrhythmia, patent ductus arteriosus, hypotension, sepsis
and cerebral haemorrhage were observed at a similar
frequency in both treatment groups and are not unex-
pected considering the distribution of gestational age at
delivery in these neonates. In addition, there was no
signi®cant difference between study drugs with regard
to either the frequency of admission to or length of stay
in a neonatal intensive care unit, or the requirement for
ventilation therapy. The incidence of neonatal deaths was
low and the causes of death were assessed as unlikely to
be drug related; most cases were due to extreme prema-
turity.

In conclusion, we found that the clinical effectiveness
of atosiban was comparable to conventional beta-agonist
therapy. However, there were signi®cantly fewer, clini-
cally important maternal cardiovascular side effects
following atosiban administration, and neonatal
outcomes were similar. Therefore, atosiban would appear
to represent an advance over current tocolytic therapy.
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APPENDIX A. WORLDWIDE ATOSIBAN VERSUS
BETA-AGONISTS STUDY GROUP

Steering Group and Writing Committee

J M Moutquin, D Cabrol, N M Fisk, A H MacLennan,
K MarsÏaÂl, and J Rabinovici. The Steering Group designed
the study protocol, decided on scienti®c and ethical issues
during the conduct of the studies, interpreted the data and
constituted the Writing Committee.

Participating centres and principal investigators

1. Canada (Atosiban vs ritodrine): St FrancËois d'As-
sise Hospital, Quebec; (J M Moutquin (co-ordinating
investigator) and J Y Fontaine); BC Women's Hospital,
Vancouver (J Dansereau); Grace Maternity Hospital,
Halifax (R Liston); McMaster University Medical
Centre, Hamilton (P Mohide); St Justine Hospital,
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Montreal (M Boucher); Women's College Hospital,
Toronto (H Cohen).

2. Israel (Atosiban vs ritodrine): Sheba Medical
Center, Tel-Hashomer; (J Rabinovici, co-ordinating
investigator), Assaf Harofeh Medical Center, Beer
Yaakov (D Sherman); Hadassah Medical Organization,
Jerusalem (D Hochner); Ha'Emek Medical Center, Afula
(E Shalev); Meir Medical Center, Kfar Saba (M Fejgin);
Rambam Medical Center, Haifa (E Zimmer); Soroka
University Hospital, Beer-Sheva (M Glezerman, M
Mazor).

3. Sweden/Denmark/Czech Republic (Atosiban vs
terbutaline): University Hospital, MalmoÈ/Lund (K
MarsÏaÂl co-ordinating investigator). Sweden: Akademiska
Hospital, Uppsala (S LyrenaÈs); Danderyd Hospital,
Danderyd (M Norman); Karolinska Hospital, Stockholm
(G Ekman-Ordeberg); Sahlgrenska Hospital, Gothenburg
(H BokstroÈm); SoÈdra Hospital, Stockholm (P Thomas-
sen); University Hospital, Lund (I Ingemarsson); OÈ stra
Hospital, Gothenburg (R M Holst); Ferring Pharmaceu-
ticals, MalmoÈ (P Bengtsson, M AÊ stroÈm, L Massad).
Denmark: Hvidovre Hospital, Hvidovre (T Weber);
Rigshospitalet, Copenhagen (J Lyndrup).Czech Republic:
First Clinic of Obstetrics and Gynecology, Charles
University, Prague (Z Hajek); second Clinic of Obstetrics
and Gynecology, Charles University, Prague (J ZivnyÂ);
Clinic of Obstetrics and Gynecology, Olomouc (M
Kudela); Clinic of Obstetrics and Gynecology, Plzen (V
RokytovaÂ); ®rst Clinic of Obstetrics and Gynecology,
Masaryk University, Brno (V Unzeitig); Second Clinic
of Obstetrics and Gynecology, Masaryk University, Brno
(L Pilka).

4. UK (Atosiban vs terbutaline): Queen Charlotte's &
Chelsea Hospital, London (N M Fisk (co-ordinating
investigator); Bradford Royal In®rmary Maternity Hospi-
tal, Bradford (D Tuffnell); Chelsea & Westminster
Hospital, London (P J Steer); Ealing Hospital, Southall
(L Fusi); Hammersmith Hospital, London (M G Elder);
Leeds General In®rmary, Leeds (G C Mason); Northwick
Park Hospital, Harrow (R F Lamont); Royal In®rmary,
Glasgow (I A Greer); St James's University Hospital,
Leeds (J J Walker); Queen Mother's Hospital, Glasgow
(A Cameron); University of Edinburgh, Edinburgh (A A
Calder); West Middlesex University Hospital, Isleworth
(E Owen).

5. France (Atosiban vs salbutamol): MaterniteÂ Port-
Royal, Paris (D Cabrol co-ordinating investigator);
Archet II Hospital, Nice (J Y Gillet); Bichat Hospital,
Paris (P Madelenat); Bocage Hospital, Dijon (J-P Feld-
man); Bocage Hospital, Tours (J Lansac); Centre Hospi-
talier Intercommunal, CreÂteil (B Paniel); Centre MeÂdico-
Chirurgical de Schiltigheim, Strasbourg (P Dellenbach);
Centre MeÂdico-Chirurgical ªLe Parcº, Colmar (J-Y
Egloff); Charles Nicolle Hospital, Rouen (J P Lemoine);
CHG, Longjumeau (R Bronstein); CHR-Pellegrin-
Tripode Hospital, Bordeaux (J J Leng); CHR-Sud Hospi-

tal, Rennes (M-C Laurent); CHRU-CareÁmeau Hospital,
Nimes (P Mares); CHRU, MaterniteÂ Arnaud de Ville-
neuve, Montpellier (B Hedon); CiteÂ HospitalieÁre de la
MileÂtrie, Poitiers (G Magnin); Civil Hospital, Strasbourg
(A Treisser); Hasenrein Hospital, Mulhouse (J C Schu-
macher); HoÃtel Dieu Hospital, Angers (P Grosieux);
HoÃtel Dieu MaterniteÂ Hospital, Clermont-Ferrand (B
Jacquetin); HoÃtel-Dieu Polyclinique Hospital, Cler-
mont-Ferrand (M Bruhat); Jean Rostnad Hospital, SeÁvres
(L Segard); Jeanne de Flandre Hospital, Lille (F Puech);
Louis Mourier Hospital, Colombes (P Engelmann);
MaterniteÂ ReÂgionale ªAdolphe Pinardº, Nancy (M
Schweitzer); MeÁre-Enfant Hospital, Nantes (G Boog);
Nord Hospital, Marseille (L Boubli); Notre-Dame de
Bon-Secours, Metz (N Dequidt); Orleans Hospital,
Orleans (A Desroches); Robert DebreÂ Hospital, Paris (P
Blot); Saint-Antoine Hospital, Paris (J Milliez); Univer-
sity Hospital Dupuytren, Limoges (J L Tabaste).

6. Australia (Atosiban vs salbutamol): C Crowther,
University of Adelaide (A H MacLennan co-ordinating
investigator), Women's and Children's Hospital,
Adelaide; King Edward Memorial Hospital for Women,
Subiaco (J E Dickinson); King George V Hospital,
Camperdown (B B Peat); Mater Mothers' Hospital,
South Brisbane (J King); Nepean Hospital, Kingswood
(I R Fulcher); Royal Women's Hospital, Carlton (J M
Permezel).
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