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Chapter 1

Part I. 

Maternal and fetal effects of tocolysis in preterm labour.

Spontaneous preterm birth is pathophysiologically a heterogeneous syndrome.1 Possible 
pathways leading to spontaneous preterm birth include excessive myometrial and 
fetal membrane overdistention, decidual haemorrhage, precocious fetal endocrine 
activation, and intra-uterine infection or inflammation.1-3 Preterm birth is responsible 
for approximately 75% of all neonatal deaths and 50% of childhood neurological 
morbidities.4, 5 It is also associated with high immediate and long-term costs after 
discharge from the hospital.6  Perinatal death and morbidity are not only strongly related 
to early gestational age but also to whether or not steroids had been administered 
antenatally and whether a preterm infant had been transferred to a tertiary care centre 
in- or ex-utero.7 Therefore, postponing delivery for 48 hours in order to allow maximal 
effect of maternal parenteral steroid administration and transportation of the woman 
to a centre with neonatal intensive care unit facilities are the primary indications for 
treatment of women with the diagnosis of threatening preterm delivery.
Drugs registered as a tocolytic are restricted to the β-adrenergic-receptor agonist 
ritodrine (USA and Europe) and the oxytocin receptor antagonist atosiban (Europe). The 
use of β-adrenergic-receptor agonists as first-line tocolytic agents has decreased due 
to the high incidence of maternal adverse effects as compared to any other tocolytic 
drug.8, 9 Literature does not support the efficacy of magnesium sulfate and most authors 
call for discontinuation of the use of magnesium sulphate as a labour-inhibiting agent, 
which leaves only cyclo-oxygenase inhibitors and calcium channel blockers as off-license 
alternatives.10-12 
The choice of first-line tocolytic drugs for the treatment of preterm labour is subject 
of controversy because of the inconclusive information regarding the relative safety of 
various tocolytic agents. Moreover, many studies on the efficacy and safety of tocolytic 
agents have major design flaws or the results cannot be generalized.10 For example most 
randomized trials on the efficiency and side effects of tocolytic drugs have generally been 
restricted to well-defined (low risk) populations. With respect to maternal safety, there is 
no prospective study comparing maternal adverse reactions to different tocolytic drugs 
in a normal clinical setting. In addition, information is lacking on the possible effects of  
the oxytocin receptor antagonist atosiban and the calcium channel blocker nifedipine 
(combined with betamethasone) on the fetal biophysical profile. Earlier work on the 
effects of betamethasone alone suggested betamethasone-induced suppression of the 
normal fetal diurnal rhythm two days after betamethasone administration.13, 14 On day 
two, Koenen et al. found reductions in fetal heart rate variation and fetal movements 
during the afternoon and evening, but not in the morning.15 We hypothesized that in 
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morning hours no reductions in fetal movement and fetal heart rate variation occur 
after betamethasone administration. If this holds true, then longitudinal assessment 
of the fetal condition after betamethasone administration (whether or not combined 
with tocolytic treatment) should be based on morning recordings. 

The aim of part of this thesis is to study the maternal and fetal side effects of tocolytic 
drugs in case of preterm labour. The specific aims of the work described in part I are:
1) To study the incidence of serious maternal adverse drug reactions during the use  
 of tocolytic drugs for treatment of acute preterm labour.    
2) To study effects on the fetus of a tocolytic regimen of atosiban or nifedipine  
 combined with a course of betamethasone.

In chapter 2 the literature on maternal and fetal side effects of tocolytic drugs and 
corticosteroids is reviewed. 
In chapter 3 the results from a cohort study in the Netherlands and Belgium on the 
incidence of mild and serious adverse tocolytic drug reactions are described. 
In chapter 4 the serious adverse maternal drug reactions from the cohort study are 
described more comprehensively. 
In chapter 5 we describe the results of a cohort study examining the longitudinal 
effects of betamethasone alone on fetal heart rate and its variation, breathing and body 
movements in the morning during 5 successive days. 
In chapter 6 the results of a randomized controlled study on the longitudinal effects 
of a course of atosiban or nifedipine combined with betamethasone are presented. 
Primary outcome measures were the effects of both tocolytics on fetal heart rate and 
its variation. Secondary endpoints were the effects on fetal movement and fetal blood 
flow parameters.

Part II. 

Maternal and fetal effects of tocolysis in term labour.

Occasionally, tocolytics are also used in term pregnancy, for example for external cephalic 
version or to prevent traumatic delivery at caesarean section.16  Intrapartum fetal distress 
is another clinical problem that often requires rapid uterine relaxation in active labour 
at term. Intra-uterine resuscitation in case of suspected fetal distress by means of acute 
tocolysis has become common practice in many obstetrical units. The evidence available 
on reducing uterine contractions in term labour suggests that beta-mimetic agents are 
the most potent tocolytics.16, 17 However, the use of a beta-mimetic agent is associated 
with maternal and fetal cardiovascular side effects, such as tachycardia and changes 
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in blood pressure. The oxytocin receptor antagonist atosiban has a high specificity for 
the uterus with limited or no systemic effects. Atosiban could therefore be an attractive 
alternative for use as a tocolytic in term labour.

The specific aim of the work described in part II is:

To study maternal and fetal effects of the oxytocin antagonist atosiban and the 
β-adrenergic-receptor agonist ritodrine in term labour.

In chapter 7 we review the efficacy of the different types of tocolytic drugs in reducing 
uterine pressure and contractions in term labour.      
In chapter 8 the results of a prospective randomized study comparing the effects of 
atosiban and ritodrine in term labour are described. Primary endpoints of the study 
were the effects of both tocolytics on maternal blood pressure and maternal heart rate. 
Secondary endpoints were intra-uterine pressure, fetal heart rate, 5’- Apgar score and 
umbilical arterial pH. 
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Background

Spontaneous preterm birth is pathophysiologically a heterogeneous syndrome.1 The 
cascade of events that eventually culminate in spontaneous preterm birth has several 
possible underlying pathways. Possible pathways include excessive myometrial and 
fetal membrane overdistention, decidual haemorrhage, precocious fetal endocrine 
activation, and intra-uterine infection or inflammation.1-3 These pathways may be 
initiated weeks till months before clinically apparent preterm labour. The processes 
leading to preterm parturition may originate from one or more of these pathways; for 
example, intrauterine infection or inflammation and placental abruption often coexist 
in preterm births.4-6 Apparently, decidual haemorrhage and intra-uterine infection share 
several inflammatory molecular mechanisms that contribute to parturition.7, 8

The etiologic heterogeneity of preterm birth complicates therapeutic approaches. 
Although the ultimate clinical presentation of women with preterm labour may appear 
to be homogeneous, the antecedent contributing factors probably differ considerably 
from woman to woman. 
Preterm birth is responsible for approximately 75% of all neonatal deaths and 50% of 
childhood neurological morbidities.9, 10 It is also associated with high immediate and 
long-term costs after discharge from the hospital.11 Infants born at less than 28 weeks 
spend 85 times as long in hospital as term babies in the first five years of life, with 
substantial healthcare costs. Over the last decades, the frequency of preterm birth in 
most western countries seems to be increasing rather than decreasing.12, 13 An increase 
not only to be explained by an increase in assisted conceptions, multiple pregnancies 
and elective deliveries. Perinatal death and morbidity are not only strongly related 
to early gestational age but also to whether or not steroids had been administered 
antenatally and whether a preterm infant had been transferred to a tertiary care centre 
in- or ex-utero.14 Therefore, postponing delivery for 48 hours in order to allow maximal 
effect of maternal parenteral steroid administration and transportation of the mother 
to a centre with neonatal intensive care unit facilities are the primary indications for 
treatment of women with the diagnosis of threatening preterm delivery.
Because the contracting uterus is the most frequently recognized antecedent of preterm 
birth, stopping contractions has been the focus of therapeutic approaches. However, 
tocolytic drugs used for inhibition of acute preterm labour have not shown to be very 
effective.15 Drugs registered as a tocolytic are restricted to the β-adrenergic-receptor 
agonist ritodrine (USA and Europe) and the oxytocin receptor antagonist atosiban 
(Europe). The use of β-adrenergic-receptor agonists as first-line tocolytic agents has 
decreased due to the high incidence of maternal adverse effects as compared to any 
other tocolytic drug. Literature does not support the efficacy of magnesium sulfate and 
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most authors call for discontinuation of the use of magnesium sulphate as a labour-
inhibiting agent, which leaves only cyclo-oxygenase inhibitors and calcium channel 
blockers as off-license alternatives. 16, 17 

Oxytocin receptor antagonists

Oxytocin and the oxytocin receptor have two important roles in labour. Evidence in 
all mammalian species suggests that neurohypophysical oxytocin plays a role in the 
expulsive phase and, although there are less supporting data, a role for oxytocin in the 
initiation of labour is likely.18-21 Oxytocin antagonists are therefore potentially useful 
therapeutic agents to delay or prevent preterm labour or delivery. Oxytocin antagonists 
are synthetic analogues that have the nonapeptide structure of oxytocin. They act by 
competing with oxytocin for receptors in the myometrium. Atosiban ([1-deamino-2-
d-Tyr(OEt)-4-Thr-8-Orn]-oxytocin) is a  synthesized cyclic nonapeptide that behaves as 
a competitive antagonist for oxytocin receptors in animal and human models in term 
and preterm myometrium.21-23 
In vitro studies show that atosiban binds  to membrane bound myometrial cell oxytocin 
receptors resulting in (1) dose-dependent inhibition of oxytocin-induced increases of 
inositol triphosphate production with a decreased release of stored intracellular calcium 
from the sarcoplasmic reticulum, (2) closure of voltage gated channels in myometrial 
cell membranes to prevent influx of calcium into the myometrial cell, (3) the prevention 
of oxytocin mediated release of prostaglandins from deciduas and fetal membranes, 
which potentiate (1) and (2).9, 19, 20, 24  

Fetal effects

Atosiban crosses the placenta in an average fetal vs. maternal ratio of 0.124.25 Drug 
concentrations in the fetal circulation do not increase with longer infusion rates, 
suggesting that the drug does not accumulate in the fetus.25 Atosiban does not 
significantly alter maternal or fetal cardiovascular parameters when it is administered to 
late pregnant sheep.26 In chronically instrumented baboons in third trimester pregnancy, 
atosiban infusion did not alter fetal oxygenation.27 The fetal concerns regarding the 
use of atosiban mostly discussed in literature are based on the results of the atosiban 
versus placebo trial by Romero and co-workers.28 They found a higher rate of fetal-
infant deaths in the atosiban treated group compared to placebo. However, 7 of the 10 
infant deaths were newborns with birth weights < 650 gram, suggesting that extreme 
prematurity played a rather large role in these adverse outcomes. Romero hypothesized 
whether possible anti-vasopressin effects of atosiban could have contributed to the 
poor outcome, through possibly altered fetal responses to stress or insults. 28, 29 To 
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date, evidence to support this hypothesis is lacking. Furthermore, the trials comparing 
atosiban with beta-agonists showed comparable neonatal outcome.30, 31

Maternal effects

Although atosiban has affinity for both vasopressin receptors (V1a, V1b and V2) and 
oxytocin receptors, there are no clinical data to suggest any adverse effects on the 
cardiovascular, renal or central nervous system. In comparison with beta-adrenergic 
agonists, atosiban showed less maternal side effects.30, 32 Most commonly reported side 
effects of atosiban in these studies were headache, vomiting and nausea occurring in 
about 10% of the patients. In less than 5% of the patients studied, maternal side effects 
such as hypotension, hyperglycaemia, anxiety, chest pain, palpitations, tachycardia and 
syncope were reported. The co-administration of atosiban with betamethasone has no 
clinically relevant influence on their bioavailability or tolerability.33.     

Calcium channel blockers

Calcium channel blockers (CCB), such as nifedipine and nicardipine, are indicated for 
treatment of coronary heart disease, chronic stable angina pectoris and hypertension. 
Nifedipine and nicardipine are classified structurally as dihydropyridines and exert their 
effects by binding to L-type channels (slow channels), which are abundant in cardiac and 
smooth muscle. By binding to L-type channels, CCB block the flow of extracellular calcium 
into cardiac and smooth muscle cells and in this way influence contraction. This results 
in relaxation of smooth muscle cells.34 The density of the channels is not influenced by 
long-term treatment with CCB, therefore no tachyphylaxis or withdrawal symptoms will 
occur when therapy is stopped. 35, 36 The abilities of CCB, to vasodilate the systemic and 
pulmonary vasculature and its lack of tachyphylaxis have made them popular for the 
treatment of acute and chronic hypertension and angina pectoris.35, 37, 38

In uterine myometrial cells, CCB reduce contractions by binding to the inside of 
myometrial L-type voltage dependent calcium channels.39, 40 This additional effect of 
CCB, reducing uterine contractions, is used in tocolytic regimens to delay preterm 
birth. 41-43 The CCB most commonly used for this indication is nifedipine. Nifedipine is 
not registered as a tocolytic drug.

Fetal effects

Nifedipine easily crosses the placenta with a ratio of 0.93 between umbilical cord blood 
and maternal serum concentrations.44, 45 Some animal studies report changes in uterine 
blood flow and fetal acidosis after CCB administration.46-49 Harake and co-workers found 
decreased uterine blood flow and lower fetal arterial oxygen content in instrumented 
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pregnant sheep treated with nifedipine infusion.47 Holbrook and colleagues administered 
a single bolus of nicardipine to instrumented sheep and found no changes in uterine 
blood flow and fetal arterial oxygen content.50 They suggested that fetal acidosis after 
CCB infusion is primarily due to a decrease in uterine blood flow rather than a direct 
fetal effect of the drug. However, Blea and co-workers infused instrumented sheep 
with low dose nifedipine corresponding with human concentrations.49 They found 
hypoxia and acidosis in the sheep fetus, without persistent decreases in uteroplacental 
or fetoplacental blood flows or blood pressures. 
Most studies in humans show no decrease in uterine blood flow after nifedipine 
administration to pregnant women.51-55 Moretti et al. and Hanretty et al. found no changes 
in uterine and fetal Doppler flow velocity waveforms after oral nifedipine therapy in 
hypertensive pregnant women.51, 53 Several studies have reported on short-time effects 
(15 min.,1 hr., 3 hrs. and 5 hrs.) of oral nifedipine administration on fetal Doppler flow 
velocity waveforms in normotensive women.54-57 One study found a transient decrease 
in umbilical artery pulsatility index (PI) 15 min. after 10 mg sublingual nifedipine.56 The 
other studies  found no changes in the fetal or uteroplacental circulation.54, 55, 57

A recent study by Guclu et al. was the first to study fetal Doppler parameters during 
48 hours of nifedipine tocolysis. They found no changes in umbilical artery PI during 
treatment, but found decreased  fetal middle cerebral artery PI and maternal uterine 
artery PI at 24 hours and 48 hours of treatment. A Cochrane review of CCB for inhibiting 
preterm labour concluded that neonatal outcome was improved compared to beta-
mimetics.58 Houtzager and coworkers followed up 48 children at the age of 9-12 
years who were in utero exposed to nifedipine.59 They found no negative effects on 
psychosocial and motor functioning. Although animal studies show conflicting results 
regarding fetal safety with the use of CCB, data from human studies show only very 
limited adverse fetal effects.

Maternal effects

Nifedipine exerts both vascular and cardiac effects. It vasodilates the vessels and exerts 
negative inotropic and chronotropic effects depressing the heart.60 The cardiodepressant 
effect of nifedipine in vivo is counteracted by a vasodilatation-triggered and baroreceptor 
mediated reflex increase in sympathic tone resulting in indirect cardio-stimulation. The 
increase in sympathic tone compensates for the negative inotropic and chronotropic action 
by nifedipine on the heart. These mechanisms are most likely the basis for the adverse events 
and side effects seen with nifedipine tocolysis.
The Cochrane review by King et al., reviewing 11 trials, claimed a markedly reduced risk 
of cessation of treatment for maternal adverse drug reactions when comparing calcium 
channel blockers with mainly β-adrenergic-receptor agonists (RR 0.14; 95% CI 0.05 to 0.44). 
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The number needed to treat for drug reaction requiring cessation of treatment was 14 
(95% CI 10 to 25).58 Translation of these numbers to the general population of women 
with preterm labour appears to be difficult due to the exclusion criteria used in most trials 
(twin pregnancy, PPROM, blood loss or history of cardiovascular disease). Most common 
side effects due to the vascular and cardiac effects of nifedipine are hypotension, 
tachycardia, flushes, headache, increased liver enzymes, nausea and dizziness.40, 61 
Most of the randomized controlled trials on nifedipine for tocolysis have started with 
immediate-release tablets or capsules up to a maximum dose of 40 mg during the 
first hour. The extended-release medication varied from 60 to 160 mg daily. 40-42, 62 
These trials report only minor or no reductions in diastolic or systolic blood pressure in 
normotensive pregnant women during tocolysis extended-release regimen. Two studies 
focusing on the short term effects of nifedipine in normotensive pregnant women found 
hypotension accompanied with tachycardia 45 minutes after nifedipine administration 
54, 63 Concerns on the possible effects of nifedipine on the maternal cardiovascular 
circulation remain, because only limited information is available. Furthermore, most 
trials have excluded patients with multiple pregnancies, diabetes mellitus, cardiovascular 
disease, preeclamspia, and hyperthyroidism.
In recent years, several serious adverse events have been published of pregnant women 
treated with CCBs.64-74 The case reports are summarized in Table 1. Analysis of these case 
reports is difficult and it is uncertain whether the serious adverse events were solely 
due to nifedipine administration. 

Β-Adrenergic-receptor agonists

The β-adrenergic-receptor agonists cause myometrial relaxation by binding to β2 
adrenergic receptors and subsequently increasing the levels of intracellular cyclic AMP. 
An increase in intracellular cyclic AMP activates protein kinase, which inactivates myosin 
light-chain kinase, thus diminishing myometrial contractility.75-77 Prolonged exposure 
to β-adrenergic-receptor agonists leads to a decrease in response (tachyphylaxis) 
which is generally believed to be due to down-regulation of the receptor.78, 79 In 1961, 
the first betamimetic tocolytic agent, isoxsuprine, was proposed for the treatment of 
preterm contractions.80 Over the next 15 years, a wide variety of selective betamimetic 
medications were proposed as tocolytic treatment. Of these, ritodrine, fenoterol, 
terbutaline and salbutamol found their place in the treatment of preterm labour.81-83 
Unfortunately, β-adrenergic-receptor agonists lack uterine selectivity and can cause 
metabolic and cardiovascular side effects.84
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Fetal effects

β-adrenergic-receptor agonists rapidly cross the placenta and this transfer induces a 
stimulated β-adrenergic state in the fetus.85, 86 This evokes roughly the same effects as 
it does in the mother. Fetal tachycardia is the most observed effect after initiation of 
treatment. Long term follow-up studies of infant and child development after in utero 
exposure to ritodrine showed no difference between these children and unexposed 
controls or when compared to nifedipine exposure.59, 87, 88 In a recent meta-analysis by 
Anotayanonth et al. comparing β-adrenergic-receptor agonists with placebo, no benefit 
of the former was found with respect to either the rate of perinatal death, neonatal 
death or neonatal respiratory distress syndrome.89 A lack of neonatal benefit has been 
found in almost all labour-inhibiting therapy trials.

Maternal effects 

Two types of  β-adrenergic receptors have been postulated in humans: β1- receptors 
predominate in heart, small intestine and adipose tissue; β2 - receptors are more prevalent 
in smooth muscle fibers of the uterus, blood vessels, bronchioles and diaphragm.90 Most 
β-adrenergic-receptor agonists activate β1 and β2 receptors, producing diffuse multi-
organ effects. All β-adrenergic-receptor agonists influence carbohydrate metabolism, 
by increasing maternal blood glucose and direct stimulation of the pancreas with a 
concurrent increase in insulin and glucagon secretion promotes gluconeogenesis 
and gluconeolyse.91, 92 The most common effects on the cardiovascular system are 
increases in heart rate, systolic blood pressure, stroke volume and cardiac output due 
to generalized vasodilatation. Increased heart rate and myocardial contractility can 
predispose to myocardial ischemia because of the decreased coronary artery perfusion 
due to decreased diastolic blood pressure and diastolic filling time.93 The most frequently 
reported serious side effect associated with the use of β-adrenergic-receptor agonists 
is pulmonary oedema. Furthermore, at least 24 maternal deaths associated with 
β-adrenergic-receptor agonists have been officially reported in the literature.94 The trials 
described in earlier paragraphs comparing atosiban or nifedipine with β-adrenergic-
receptor agonists all claim high percentages of maternal side effects with the use of 
ritodrine or salbutamol.30, 32, 58 Therefore, β-adrenergic-receptor agonists have been 
increasingly falling from favour as first-line tocolytic agents.

Cyclo-oxygenase inhibitors

Cyclo-oxygenase (COX) or prostaglandin synthase which exists in two isoforms, COX-1 
and COX-2, converts arachidonic acid to prostaglandin H2, which serves as a substrate 
for tissue-specific enzymes; the products of these enzymes are critical in parturition. 
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Prostaglandins enhance the formation of myometrial gap junctions and increase 
available intracellular calcium by raising transmembrane influx and sarcolemmal 
release of calcium.95 COX-1 is expressed in human deciduas, myometrium, and fetal 
membranes, whereas COX-2, the inducible form, dramatically increases in the decidua 
and myometrium during labour. COX inhibitors decrease prostaglandin production 
either by general inhibition of COX or by specific inhibition of COX-2, depending on the 
agent. Indomethacin, a non-specific COX inhibitor, is the most commonly used tocolytic 
agent in this class.17 Concerns regarding fetal side effects, in particular effects on fetal 
kidneys and  ductus arteriosus, and associations with an increased risk of intraventricular 
haemorrhage (IVH) and necrotizing enterocolitis in the neonate have limited its use.96, 97 
COX-2 inhibitors have become available for clinical use recently. Animal studies suggest 
that COX-2 inhibitors reduce myometrial contractility and may delay preterm delivery.98, 99 
A recent double blind placebo-controlled randomized trial of rofecoxib (a COX-2 specific 
inhibitor) for the prevention of preterm delivery in women at high risk showed negative 
(reversible) effects on fetal renal function and  ductus arteriosus. Moreover, rofecoxib 
did not reduce the incidence of early preterm delivery < 30 weeks.100 The authors did 
not advocate the use of rofecoxib for the prevention of preterm labour. Whether COX-2 
specific inhibition for the prevention of preterm labour is a good therapeutic option 
remains to be seen.

Antenatal glucorticoid administration

Antenatal glucocorticoid therapy has highly beneficial effects on neonatal outcome 
by significantly decreasing the incidence of complications of preterm birth, such as 
respiratory distress syndrome, intraventricular haemorrhage, sepsis and neonatal death.14 
The National Institute of Health (NIH) Consensus Development Panel recommended 
routine administration of a single course of betamethasone or dexamethasone for 
all pregnant women at risk for preterm delivery before 34 weeks of gestation (NIH 
consensus conference 1995).
The mechanisms by which glucocorticoids regulate the maturation of lungs and other 
organs are largely unknown. The fetus is normally exposed to high levels of endogenous 
glucocorticoids late in gestation, which is essential for normal maturation of various 
tissues.101 In the lung, glucocorticoids stimulate surfactant production, lung growth and 
structure, inflammatory mediators and regulate pulmonary fluid re-absorption.101

Animal studies, mainly in sheep, have demonstrated that improvement of lung function 
induced by antenatal glucocorticoids treatment resulted from structural changes in the 
anatomy of the lung, such as larger alveoli and less interstitial tissue, rather than from 
increased surfactant production, which was only short-lasting.102
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Adverse effects of antenatal glucocorticoids 

Besides beneficial effects of antenatal glucocorticoids treatment on lung maturation 
in preterm delivery, undesirable effects of glucocorticoids on other tissues can be 
expected. The most common synthetic glucocorticoids used for antenatal therapy 
are dexa-methasone and betamethasone, which display very high glucocorticoid 
potencies and very little mineralocorticoid activity. Glucocorticoids exert their functions 
by binding to two intracellular steroid receptors, the glucocorticoid receptor (GR) and 
the mineralocorticoid receptor (MR). The GR is basically expressed in all cells of an 
organism, and particularly high expression is found in many different tissues and cell 
types, including thymus, lung, liver and brain. GR localization in the brain is widespread. 
Highest densities are found in the hippocampus, neocortex and the hypothalamus.103, 

104 Dexamethasone and betamethasone have a very high affinity to the GR.105 Many 
animal models have been used to study the potential adverse effects of fetal exposure 
to glucocorticoids. In a review of nine animal studies evidence of growth restriction 
after multiple doses of antenatal glucocorticoids has been found.105 In human follow-
up studies, no negative effect of a single antenatal course of glucocorticoids on fetal 
growth has been found.106, 107 However, observational studies on repeated antenatal 
glucocorticoid courses reported a decrease in birth weight. 108-110 Glucocorticoids are 
essential for normal brain development, exerting a wide spectrum of effects in most 
regions of the developing brain. Some human studies demonstrated a reduction in 
head circumference after multiple courses antenatal glucocorticoids.108, 111 In human 
follow-up studies, no adverse effects on neurological functions have been observed 
after one course of antenatal glucocorticoids. 106, 112, 113  French et al. showed an increased 
risk of abnormal behaviour at the age of three and six years and a delay after three or 
more courses of antenatal glucocorticoids. 114 Recently, Crowther et al. and Wapner et 
al. published large follow up results of children enrolled in earlier placebo-controlled 
randomized trials comparing single and repeated doses of antenatal corticosteroids.115, 

116 They found no adverse effects of repeated doses on physical or neurocognitive 
measures.  

Fetal behavioural and circulatory effects

Since the late 1980’s several reports have shown some considerable direct effects of 
antenatal glucocorticoid treatment on the fetus. Katz et al. reported a cessation of fetal 
movements and the appearance of nonreactive fetal heart rate (FHR) patterns after 
antenatal glucocorticoid administration.117 In 1994 Mulder and co-workers confirmed 
these findings and included observations on fetal eye movements and analysis of 
fetal rest-activity cycles.118, 119 They found a reduction in general body movements, 
fetal breathing movements and FHR variation after betamethasone administration 
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for threatened preterm delivery. The reduction in general movements was due to an 
increase in duration of periods of fetal quiescence. All variables returned to baseline 3 
– 4 days after betamethasone administration. These observations have been confirmed 
by a number of studies in recent years.120-123 
Diurnal rhythms of FHR and its variation, body and breathing movements exist in the 
second half of pregnancy. FHR peaks during the day and minimum values are reached 
between 2 and 6 a.m., whereas FHR variation reaches lowest values between 6 a.m. 
and noon and peaks around midnight. The diurnal rhythm of fetal body movements 
is characterised by a low incidence of fetal movements in the morning hours and an 
increase of fetal movements in the late evening and night.124-126 Koenen et al. studied the 
effects of betamethasone on diurnal rhythms of fetal variables two days after the first 
dose of betamethasone and found reductions in FHR variation and movements during 
the afternoon and evening, but not in the morning.127 This suggests betamethasone-
induced suppression of the normal fetal diurnal rhythm. However, these observations 
were confined to only one day during betamethasone treatment.

Until the mid 1990’s little was known about the cardiovascular effects of antenatal 
glucocorticoid administration. Wood and Tangalakis showed that maternal cortisol 
infusion to pregnant sheep elevated fetal blood pressure.128, 129 Animal studies 
demonstrated that direct infusion of either betamethasone or dexamethasone to the 
fetus resulted in an increase in fetal blood pressure, a decrease in heart rate and increase 
in FHR variability.130, 131

In humans, umbilical arterial flow velocity and pulsatility do not change following 
betamethasone treatment in normal or growth-restricted fetuses provided that 
umbilical flow is normal before betamethasone or dexamethasone administration.132-

136 Other studies have shown a temporary return of end-diastolic flow in the umbilical 
artery in 50-70% of the women following betamethasone treatment in pregnancies 
complicated by absent end-diastolic flow.137-139 This effect is accompanied by a loss in 
brain sparing effect, which has been shown to have a detrimental effect on fetal brain 
development in sheep.140 The rise in fetal blood pressure found in the animal models is in 
accordance with data on preterm human infants.141 The increase in fetal systemic blood 
pressure after glucocorticoid administration is most likely due to increased peripheral 
vascular resistance resulting from glucocorticoid enhanced vascular tone. 141-143 The 
accompanying decrease in FHR could be explained by a vagally mediated baroreceptor 
response to increased systolic blood pressure. 
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Conclusion

Postponing delivery for 48 hours in order to allow maximal effect of maternal parenteral 
steroid administration and transportation of the mother to a centre with NICU 
facilities are the primary indications for treatment of women with the diagnosis of 
threatening preterm delivery.14 Most evidence suggests that a single course of antenatal 
glucocorticoid is safe and has no long-term health consequences. In contrast, the choice 
of the first-line tocolytic agent in terms of safety, effectiveness and costs is a topic of 
debate. After reviewing the literature, the oxytocin antagonist atosiban appears to have 
no adverse effects on neonatal outcome nor does it cause fetal compromise. Atosiban 
is effective in postponing preterm delivery with only limited systemic maternal effects. 
The use of β-adrenergic-receptor agonists as first-line tocolytic agents has decreased 
due to the high incidence of maternal adverse effects, which leaves only COX inhibitors 
and calcium channel blockers as off-label alternatives.17, 58 Concerns regarding fetal side 
effects in case of COX inhibitors, in particular effects on fetal kidneys and the ductus 
arteriosus, have limited its use. However, in a recent meta analysis, a total of 403 women 
received short-term tocolysis (up to 48 hours) with COX inhibitors and there was only 
one case of antenatal closure of the ductus arteriosus.17 Neonatal morbidity did not 
differ from controls. 
The oral route of administration, low costs and efficacy in reducing neonatal 
complications favour the use of calcium antagonists. However, the number of case 
reports presenting serious maternal adverse drug reactions are concerning. Analysis 
of these case reports is difficult and it is uncertain whether the serious adverse events 
are solely due to nifedipine administration. A prospective study designed to study 
the incidence of serious maternal complications with the use of tocolytics, comparing 
maternal side-effects of the different drugs in the normal clinical setting is needed.   
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Abstract

Background

The choice of first-line tocolytic drugs for the treatment of preterm labour is subject of 
controversy because of the inconclusive information regarding safety.

Methods

We performed a prospective cohort study on 1920 women, who were consecutively 
treated with various tocolytics for preterm labour in 28 hospitals. For each woman, we 
registered the obstetrical characteristics, the type of tocolytic received and any maternal 
adverse event leading to treatment discontinuation. An independent panel evaluated 
the registered adverse events, without knowledge of the type of tocolytic treatment. Any 
adverse event that was suspected to be causally related to treatment was considered 
as an adverse drug reaction (ADR). 

Results

1920 women were registered: 1327 single courses (69%), 282 sequential courses (15%) 
and 311 combined courses (16%). 14 cases were categorized as serious ADR and 14 as 
mild ADR. Overall incidence of serious ADR was 0.7%. Compared to atosiban, the relative 
risk (RR) of ADR was 22 (95% CI 3.6 to 138) for single β-adrenergic-receptor agonist 
treatment and 12  (95% CI 1.9 to 69) for single calcium antagonist treatment. Multiple 
drug tocolysis led to five serious ADR (1.6%). Multiple gestation, preterm rupture of 
membranes and co-morbidity were no independent risk factors for ADR.

Conclusions

The use of β-adrenergic-receptor agonists or multiple tocolytics for preventing preterm 
birth is associated with a high incidence of serious ADRs. Atosiban was the only drug not 
associated with severe maternal ADR. With respect to efficiency in postponing preterm 
delivery a direct comparison between nifedipine and atosiban is needed. 
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Background

Preterm labour is the most reported cause of perinatal morbidity and mortality in the 
western world.1, 2 In women with threatened preterm delivery, tocolysis is applied with 
the aim to postpone delivery for 48 hours, to allow for maximal effect of maternal 
parenteral steroid administration and transportation of the mother to a centre with 
neonatal intensive care unit facilities.3 The drugs registered for tocolysis include the 
β-adrenergic-receptor agonist ritodrine (USA and Europe) and the oxytocin receptor 
antagonist atosiban (Europe). Cyclo-oxygenase (COX) inhibitors and calcium channel 
blockers are also used for inhibiting preterm labour,4, 5 although they are not currently 
approved for this indication.
β-adrenergic-receptor agonists cause maternal adverse effects more frequently than 
any other tocolytic drug.6, 7 In a clinical trial setting, the oxytocin receptor antagonist 
atosiban has fewer maternal adverse effects with comparable effectiveness (RR 1.07 
95% CI 0.98 to 1.17).7-9 However, atosiban has not been found to reduce the incidence of 
respiratory distress syndrome, a serious complication of prematurity, when compared to 
placebo.9 Small studies with COX inhibitors have suggested that indomethacin reduces 
the proportion of women delivering preterm in comparison with placebo (RR 0.21 95% 
CI 0.07 to 0.62),5 but concerns regarding adverse effects of COX inhibitors on the fetal 
kidneys and ductus arteriosus, and the increased risk of intraventricular hemorrhage 
and necrotizing enterocolitis associated with this treatment, have limited its use.10, 11 
Calcium channel blockers appear to be more effective in postponing preterm delivery 
(RR 0.76 95% CI 0.59 to 0.99) and reducing neonatal respiratory distress (RR 0.64 CI 95% 
0.45 to 0.91) than β-adrenergic-receptor agonists.4, 12 However, placebo-controlled trials 
are not available and recent reports have raised concerns about the maternal safety 
of these agents.13, 14 Therefore, the choice of first-line tocolytic drugs for the treatment 
of preterm labour is subject of controversy because of the inconclusive information 
regarding the relative safety of various tocolytic agents. Moreover, many studies on the 
efficacy and safety of tocolytic agents have major design flaws or the results cannot be 
generalized.15, 16 For example most randomized trials on the efficiency and side effects 
of tocolytic drugs have generally been restricted to well-defined (low risk) populations.15 
With respect to maternal safety, there is no prospective study comparing maternal 
adverse reactions to different tocolytic drugs in a normal clinical setting. Therefore, we 
performed a prospective cohort study in the Netherlands and Belgium, designed to 
evaluate the incidence of serious maternal complications with the use of the various 
tocolytic drugs for the treatment of preterm labour in routine clinical situations.    
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Methods

Study design and population

We performed an open label, prospective, cohort study.  The cohort comprised 
consecutive women who were treated with tocolytic drugs for preterm labour in 28 
hospitals in the Netherlands and Belgium during the period January 2006 - July 2007. 
Women treated with tocolytic drugs for other reasons such as e.g. external cephalic 
version for breech presentation or intra-uterine resuscitation in case of suspected 
fetal distress during term labour were not included. Patients were identified by the 
attending physician or a study nurse, and registered through a study website, which 
was accessible to participating clinics using centre-specific access codes. For each 
patient we registered the demographic and obstetrical characteristics, including the 
date of birth, the gestational age, parity, cervical dilatation, blood loss, intact versus 
ruptured membranes, number of fetuses; the presence of co-morbidities such as 
cardiopulmonary disease, pre-eclampsia, hypertension, diabetes, placenta abnormalities 
or polyhydramnios; the type of tocolytic treatment; and any maternal adverse event 
(AE) that occurred during tocolytic administration and required discontinuation of 
treatment. The decision to discontinue tocolytic treatment in case of an AE was made 
by the attending obstetrician. Quality control of patient registration was performed by 
checking the tocolytic dispensing lists from the pharmaceutical department at each 
participating hospital. In all cases with possible adverse events a standard case report 
was made by the principal investigator. If necessary additional data were retrieved from 
the patient files.

Data assessment by an independent panel 

At the end of the registration period, all AEs were evaluated and classified by a panel of 
five members, three obstetricians (J.-J.H.M.E., H.W., M.H.) and two pharmacologists (L.H, 
F.F.A.M.S.). Four members of the panel worked in university hospitals, whereas the fifth 
member was an administrator at the Dutch Pharmacovigilance Centre. 
The panel was initially asked to establish whether the registered AEs satisfied the 
criteria mentioned above (occurrence during tocolysis and requiring discontinuation 
of tocolytic treatment in the opinion of the attending obstetrician) and then to classify 
the AEs in terms of severity (either serious or mild AEs). Each member of the panel 
received the cases with registered AEs without information on the type of tocolytic 
used. The panel members individually reviewed all cases, blind to the type of tocolytic 
administered. They rejected the AEs not meeting the study definition and classified the 
remaining AEs into serious or mild AEs. For serious AEs, the definition of the Council 
for International Organizations for Medical Science (CIOMS) was used as a guideline.17 
CIOMS defines a serious AE as an AE that results in death, is life threatening, requires 
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inpatient hospitalization or prolongation of existing hospitalization, results in persistent 
or significant disability or incapacity, or is a congenital anomaly/birth defect. Based on 
this definition, a serious AE in the context of tocolytic drugs was any of the following: 
severe hypotension (systolic blood pressure <100 mmHg and more than 20% drop 
compared to baseline value), severe dyspnea, lung oedema, myocardial infarction, 
anaphylactic shock, intensive care admittance or maternal death. A mild AE was defined 
as an AE that led to discontinuation of the tocolytic therapy (e.g., tachycardia, nausea, 
dizziness or headache) but did not meet the criteria for serious AE. 
Subsequently, each panel member received the list of AEs, previously categorized as 
mild or serious, with the addition of the tocolytic used. The panel was asked to assess 
whether the AEs were causally related to the tocolytic administered, using the causality 
categories (certain, probable, possible, unlikely, conditional and non-assessable) 
of the World Health Organization.18 Important criteria for the causality assessment 
were the following: association in time between tocolytic administration and event, 
pharmacological features, medical plausibility and exclusion of other causes. In case 
of rechallenge of the tocolytic and recurrence of the AE, the causal relationship to 
treatment was classified as ‘certain’. In case of a reasonable time relationship, not likely 
to be attributable to other drugs or disease, and a reasonable clinical response to 
withdrawal, the causal relationship to treatment was classified as ‘probable’. If the AE 
could also be explained by concomitant diseases or the use of other drugs, the causal 
relationship to treatment was classified as ‘possible’. For AEs with an improbable time 
relationship and/or a plausible explanation provided by concomitant diseases or the 
use of other drugs the causal relationship to treatment was classified as ‘unlikely’. The 
cases with discrepant assessments were discussed during a plenary meeting and a 
consensus was reached in all cases. All AEs that, on the basis of the causality assessment, 
were considered as possibly, probably or certainly related to tocolytic treatment were 
renamed as adverse tocolytic drug reactions (ADRs). 

Analysis

Administration of tocolytics was classified according to the following three categories 
of tocolytic treatment: single courses, sequential courses or combined courses. A single 
course was defined as the situation where a patient was treated with one tocolytic drug 
only. A sequential course was defined as the situation where a patient was treated with 
multiple tocolytic drugs that were administered separately in sequence. A combined 
course was defined as the situation in which a patient was treated with multiple tocolytic 
drugs at the same time. In each of these three categories, we calculated the incidence of 
ADR. For patients with a single tocolytic course, the analysis was performed separately 
for each type of tocolytic agent. Subsequently, we calculated the relative risk (RR), the 
associated 95% confidence interval (CI) and the number needed to harm (NNH), using 
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the single course tocolytic drug with the lowest incidence as a reference category. 
Subgroup analysis of possible contributing factors to the incidence of ADR, such as 
multiple gestation, medical history or any obstetric co-morbidity, was performed using 
logistic regression. Primary outcome of the study was the incidence of serious ADR.

Results

In the study period, 1920 women were treated with tocolytic drugs. The mean maternal 
age was 29.8 years (IQR 26.4 - 33.3), and the mean gestational age was 29 weeks (IQR 27 
- 31). The obstetrical characteristics of these women and the types of tocolytic treatment 
are summarized in Table 1. The tocolytic agents used, either singly or in combination/
sequentially, were the calcium channel blocker nifedipine (n=1.022; 34.3%), the oxytocin 
antagonist atosiban (n=1.248; 41.9%), β-adrenergic-receptor agonists ritodrine and 
fenoterol (n=411; 13.8%), the cyclo-oxygenase inhibitor indomethacin (n=261; 8%) and 
in a few cases magnesium sulphate (n=18; 0.6%) and a nitric oxide donor (transdermal 
nitroglycerin; n=4).

Variables Patients [N (%)]

Fetal number

- Singleton 1512 (79)

- Twin 400 (21)

- Triplet 14 (0.01)

- Parity 0 1038 (54)

- Parity 1 561 (29)

- Parity >1 327 (17)

Preterm rupture of membrane 508 (27)

Blood loss 336 (18)

Cardiac history 35 (1.8)

Diabetes type 1 / gestational/ type 2 33 (1.7)

Single course of tocolytics 1327 (69)

- Betamimetics 175 (9)

- Calcium channel blockers 542 (28)

- Atosiban 575 (30)

- COX inhibitors 35 (1.8)

Sequential courses of tocolytics 282 (15)

Combined courses of tocolytics 311 (16)

 Table 1 Obstetrical Characteristics and Tocolytic Treatment.
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AEs were reported in 38 women. The panel rejected seven cases for the following 
reasons: discontinuation of the tocolytic was due to inability to stop preterm labour 
(N = 4); the dose of the tocolytic was reduced but treatment was not stopped (N = 1); 
treatment discontinuation was due to fetal tachycardia and not to a maternal event 
(N = 1); treatment discontinuation was due to inappropriate use of a betamimetic in a 
diabetic woman (N = 1). Of the remaining 31 cases, 16 cases were categorized as serious 
AEs and 15 as mild AEs (Tables 2 and 3). Causal relation to treatment was considered as 
unlikely in two cases of serious AEs (Table 2) and in one case of mild AEs (Table 3). These 
cases were therefore not included in further analyses, leaving 14 serious ADR and 14 
mild ADR. Four women needed intensive care treatment, all after multiple tocolytic drug 
treatment. All women who experienced AEs recovered without persistent or significant 
disability or incapacity. No fetal deaths were reported during the tocolytic administration 
and none of the mild or serious ADR was followed by fetal or neonatal death. 

No. Serious adverse
event

Tocolytic Fetal
number

Intensive
care

Causality

1 Dyspnea Ritodrine 1 No Probable

2 Dyspnea Fenoterol 1 No Probable

3 Dyspnea Atosiban, Nifedipine, Ritodrine* 1 No Probable

4 Dyspnea Fenoterol 1 No Probable

5 Dyspnea Nifedipine 2 No Possible

6 Dyspnea Atosiban, Fenoterol* 1 Yes Possible

7 Hypotension Nifedipine 1 No Probable

8 Hypotension Nifedipine 1 No Certain

9 Hypotension Nifedipine 2 No Certain

10 Hypotension Nifedipine 1 No Certain

11 Cardiac failure 1 Atosiban 2 Fenoterol§ 1 Yes Possible

12 Hypoxia Nifedipine, Ritodrine* 2 No Probable

13 Lung oedema Atosiban, Nifedipine, Fenoterol* 2 Yes Possible

14 Lung oedema Atosiban, Nifedipine* 1 Yes Probable

15 Dyspnea Fenoterol 1 No Unlikely

16 Deep vein thrombosis 1 Ritodrine 2 Nifedipine§ 2 No Unlikely

Table 2 Serious Maternal Adverse Events.

* Combined courses: the event occurred following simultaneous administration of all indicated tocolytic  
 drugs.
§ Sequential courses: the event occurred after administration of the second tocolytic.
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Among 575 women treated with a single course of atosiban, none had an serious ADR 
and one a mild ADR (0.2%; Table 4). Among 542 women treated with nifedipine, five 
had a serious ADR (0.9%) and six a mild ADR (1.1%). Among 175 women treated with 
β-adrenergic-receptor agonists, three had a serious ADR (1.7%) and four a mild ADR 
(2.3%). The number needed to harm (serious ADR) with single course of β-adrenergic-
receptor agonists was 59 (95% CI lower limit 35) and 108 with nifedipine (95% CI lower 
limit 56); single courses of atosiban treatment were used as the reference category. 
In comparison with atosiban, the RR of experiencing an ADR (mild and serious combined) 
was 22 (95% CI 3.6 to 138) for β-adrenergic-receptor agonists and 12 (95% CI 1.9 to 69) 
for nifedipine. We registered 10 different combinations in 311 combined courses of 
tocolytics with atosiban, β-adrenergic-receptor agonists, nifedipine and COX inhibitors. 
In patients who received these combinations, we observed five serious (1.6%) and one 
mild ADR (0.3%). There were no serious ADR in combinations using COX inhibitors 
(n=143). In 282 women who received sequential courses we observed one serious and 
two mild ADR (0.7%), all occurring during the administration of the second drug, once 

No. Mild adverse
events

Tocolytic Fetal
number

Causality

1 Hypotension Nifedipine 2 Possible

2 Hypotension Nifedipine 1 Probable

3 Hypotension Nifedipine 1 Probable

4 Tachycardia Nifedipine 1 Possible

5 Tachycardia 1 Atosiban 2 Nifedipine§ 1 Possible

6 Tachycardia Ritodrine 1 Probable

7 Tachycardia Fenoterol 1 Probable

8 Tachycardia Nifedipine 1 Probable

9 Tachycardia Fenoterol 1 Certain

10 Nausea Atosiban 1 Possible

11 Headache 1 Atosiban 2 Nifedipine§ 1 Possible

12 Headache Fenoterol 1 Probable

13 Headache Atosiban, Nifedipine, Ritodrine, Minitran* 1 Probable

14 Headache Nifedipine 1 Probable

15 Syncope Nifedipine 1 Unlikely

Table 3 Mild Maternal Adverse Events.

* Combined courses: the event occurred following simultaneous administration of all indicated tocolytic  
 drugs. 
§ Sequential courses: the event occurred after administration of the second tocolytic.
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a betamimetic drug and twice nifedipine. 
We registered the use of tocolytics in 414 women with a multiple gestation, four of which 
had a serious ADR (RR 1.5; 95% CI 0.39 to 5.0 as compared to singleton women). Two 
of these women (cases 5 and 9; 2.0%) were treated with a single course of nifedipine 
(N = 101) and two (cases 12 and 13; 2.4%) were treated with combined courses (N = 84). 
Logistic regression revealed no independent contribution to AE from preterm rupture 
of membranes (PPROM), blood loss or other obstetric co-morbidity. 

Tocolytic Patients 
[N]

Serious ADR
[N (%)]

Mild ADR
[N (%)]

Total ADR
 [N (%)]

Betamimetics 175 3 (1.7%) 4 (2.3%) 7 (4.0%)

Nifedipine 542 5 (0.9%) 6 (1.1%) 11 (2.0%)

Atosiban 576 0 (0%) 1 (0.2%) 1 (0.2%)

COX inhibitors 35 0 (0%) 0 (0%) 0 (0%)

Table 4 Adverse Drug Reactions Caused by Single-Course Tocolytics. 

Discussion

Randomized studies on efficiency and adverse events of tocolytic drugs have generally 
been restricted to well-defined (low risk) populations, excluding women with a multiple 
gestation, preterm rupture of membranes, vaginal bleeding, maternal diabetes, or a 
history of cardiovascular diseases. On the other hand, many of the case reports on ADRs 
of tocolytic drugs have been associated with the latter conditions.13, 19-22 We assessed 
the occurrence of serious maternal ADRs with the use of different tocolytics in a routine 
clinical setting. Therefore our results apply to situations normally encountered in 
clinical practice, where both low- and high-risk cases are observed. However, intense 
monitoring in a trial setting is likely to reveal all mild and serious maternal side effects, 
while underreporting of adverse experiences cannot be excluded in prospective multi-
center cohort studies where the intensity of monitoring – especially of blood pressure- 
may vary between hospitals. 
In our study, the overall incidence of serious ADRs was low (0.7%). However, combined 
courses of tocolytic drugs were given in 16.2 % of all patients and the incidence of serious 
ADRs in this group was high (1.6%). In view of the fact that there is no evidence that a 
combined course of tocolytic drugs is superior to single courses or sequential courses, 
we feel it should be discouraged. In women treated with a single tocolytic drug, the 
incidence of serious ADRs was 1.7% for betamimetic agents and 0.9% for nifedipine. No 
serious ADR was observed after treatment with a single course of atosiban. Most of the 
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ADRs reported in women treated with nifedipine were related to the effects of the drug 
on blood pressure. In six of the seven cases, hypotension developed within two to four 
hours after the start of tocolysis. The treatment schedule was usually the following: two 
to four doses of 10 mg sublingual nifedipine every 15 minutes, followed by 20 mg slow-
release nifedipine every four hours. With such a regimen, peak plasma levels are likely 
to occur between  60 and 80 minutes and cause a concomitant fall in blood pressure.23  
In our series, the relevance of this finding seems low, given the absence of obvious 
fetal compromise in the 542 cases treated with nifedipine only. Fetal compromise after 
a hypotensive episode has been found in animal studies and in several case reports in 
the human, including one fetal death. 24-26 In the latter case, blood pressure dropped 
after chewing two 10 mg nifedipine tablets at an interval of minutes.24  
In most of the recent case reports that raised concerns about the maternal safety of 
calcium antagonists, complicating factors such as multiple gestation, cardiovascular 
disease, diabetes or infections were present. 13, 21, 27, 28 We did not find any significant 
association between the occurrence of ADRs to nifedipine and these factors. We found 
four serious ADR in women with a multiple gestation. Two women treated with a single 
course of nifedipine (2%) and two women with multiple gestation treated with combined 
courses (2.4%). These incidences were not significant. Whether this was due to lack of 
statistical power is uncertain. 
β-adrenergic-receptor agonists do not appear to be more effective than atosiban, 
nifedipine or COX inhibitors in preventing preterm birth,4, 5, 7, 8, 12 and our results confirm 
the high incidence of ADRs with the use of these agents for tocolysis.6, 7This justifies the 
use of alternative tocolytic drugs. In our study, only a small number of women were 
treated with COX inhibitors, most likely because the administration of these drugs in 
Belgium and the Netherlands is restricted to women in early gestational ages. Moreover, 
concerns regarding fetal side effects limit the use of COX inhibitors for tocolysis.10, 11 
We found no ADR, nor in the single courses nor in courses in which COX inhibitors were 
combined with other tocolytics. A recent meta-analysis of COX inhibitors, showed COX 
inhibitors (indomethacin) to reduce the proportion of women delivering preterm (less 
than 37 weeks) RR (0.53 95% CI 0.31 to 0.94), with only one case of antenatal closure 
of the ductus arteriosus among 403 women treated short-term (up to 48 hours).5  
Nonetheless, the authors of this meta-analysis concluded that the volume of evidence 
did not allow firm conclusions about efficiency and neonatal safety of COX inhibitors 
for the prevention of preterm delivery. 
Large randomized controlled trials comparing atosiban and nifedipine are lacking. 
Coomarasamy and co-workers published an indirect comparison of atosiban and 
nifedipine, using β-adrenergic-receptor agonists as common comparator.29 The analysis 
showed no significant differences in efficiency in delaying delivery, but a significant 
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reduction in neonatal respiratory distress syndrome with nifedipine compared to 
atosiban. Whether this reduction is attributable to a difference in tocolytic effectiveness 
or differences between the analyzed trials in terms of lack of blinding or concealment 
or corticosteroid administration remains uncertain. 
An ideal tocolytic should postpone delivery without maternal and fetal side effects at 
low costs. None of the tocolytics described above fulfills all these criteria. The use of 
combined tocolytics or a single course of β-adrenergic-receptor agonists led to the 
highest incidence of serious ADR and such treatments should be discouraged. The 
overall incidence of serious ADR with the use of a single course nifedipine in single 
gestation appears to be low, but not absent. The highest incidence of ADR may well 
occur in twin pregnancies, although not significant in our study. The result most 
likely is influenced by lack of power. Atosiban has the best maternal and fetal safety 
profile but its costs are higher. In a world without financial restrictions atosiban can be 
considered as the drug of first choice. In real life, realizing off-label use, oral route of 
administration, low costs and efficiency of nifedipine it can be difficult to weigh this 
against the more favourable maternal safety profile of atosiban but at the expense of 
higher costs. A direct comparison between oxytocin antagonists and calcium channel 
blockers in terms of tocolytic efficiency may help in decision making. Moreover, larger 
studies with different nifedipine dose regimens are necessary to compare efficiency 
and maternal side effects.
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Abstract

Preterm labour is the most reported cause of perinatal morbidity and mortality in the 
western world. The choice of first-line tocolytic drugs in terms of safety, effectiveness 
and costs is a topic of debate. For the selection of a tocolytic agent, most randomized 
studies on efficiency and adverse drug reactions of tocolytic drugs have generally been 
restricted to well-defined (low risk) populations. Therefore, we performed a prospective 
cohort study in the Netherlands and Belgium, designed to study the incidence of serious 
maternal complications with the use of the various tocolytic drugs for the treatment of 
acute preterm labour. The study design and overall results are described in chapter 3 of 
this thesis. Tocolytic treatment in the cohort during the study period led to 14 serious 
maternal adverse drug reactions; severe hypotension (n=4), dyspnoea (n=6), lung 
oedema (n=2), hypoxia (n=1) and cardiac failure (n=1). In this chapter, these cases are 
presented in detail and possible pathophysiologic mechanisms are discussed.
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Background

Preterm labour is the most reported cause of perinatal morbidity and mortality in the 
western world.1, 2 In women with threatened preterm delivery, tocolysis is applied with the 
aim to postpone delivery for 48 hours, thus allowing maximal effect of maternal parenteral 
steroid administration and transportation of the mother to a centre with neonatal intensive 
care unit facilities.3 Drugs registered for tocolysis are the β-adrenergic-receptor agonist 
ritodrine (USA and Europe) and the oxytocin receptor antagonist atosiban (Europe). Apart 
from that, there are drugs that are not registered for tocolysis, but that are also applied for 
this indication, such as cyclo-oxygenase (COX) inhibitors and calcium channel blockers.4, 

5 For the selection of a tocolytic agent, the literature describing the balance between 
safety and efficacy is fraught with design flaws, for example most randomized studies on 
efficiency and adverse drug reactions of tocolytic drugs have generally been restricted to 
well-defined (low risk) populations.6 Therefore, we performed a prospective cohort study 
in the Netherlands and Belgium, designed to study the incidence of serious maternal 
complications with the use of the various tocolytic drugs for the treatment of acute 
preterm labour. The study design and overall results are described in chapter 3 of 
this thesis.7 We found 14 serious maternal adverse drug reactions (ADR; 0.7%): severe 
hypotension (n=4), dyspnoea (n=6), lung oedema (n=2), hypoxia (n=1) and cardiac  
failure (n=1). These cases are presented in Table 1. In this chapter, these cases are  
presented in detail and possible pathophysiologic mechanisms are discussed.

Methods

The study design and overall results are described in chapter 3 of this thesis.7 In short: we 
performed an open label, prospective, cohort study. The cohort comprised consecutive 
women who were treated with tocolytic drugs for preterm labour in 28 hospitals in 
the Netherlands and Belgium during the period January 2006 - July 2007. In the study 
period 1920 women were registered, 1327 single courses (69%), 282 sequential courses 
(15%) and 311 combined courses (16%). The tocolytic drugs used were the calcium 
channel blocker nifedipine (n=1022; 34.3%), the oxytocin antagonist atosiban (n=1248; 
41.9%), β-adrenergic-receptor agonists ritodrine and fenoterol (n=411;13.8%), the cyclo-
oxygenase inhibitor indomethacin (n=261; 8%) and in a few cases magnesium sulphate 
(n=18; 0.6%) and a nitric oxide donor (transdermal nitroglycerin; n=4).
In all patients we registered whether tocolytic treatment was uneventful or whether 
adverse events (AE) were observed. An AE was defined as an event during tocolytic 
administration that resulted in discontinuation of the tocolytic therapy. 
After the registration period, all AEs were evaluated and classified by a panel of five 
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members. First, the panel evaluated whether inclusion of an AE was correct and classified 
AEs as mild or serious AE. Next, the panel assessed the causal relationship between 
the tocolytics used and the AEs. Primary endpoint of the study was the incidence of 
serious maternal adverse tocolytic drug reactions (ADR). An ADR was defined as an AE, 
in which a causal relationship between the AE and the tocolytic drug was established. 
After general consensus by the panel, 14 cases were categorized as serious ADR and 14 
as mild ADR. The serious ADRs are discussed below.

Results

Dyspnoea

In six women the tocolytic administration was discontinued because of severe dyspnoea 
(Table 1). Dyspnoea was defined as shortness of breath without signs of pulmonary 
oedema, cardiac problems or pulmonary embolism. The women (cases 1, 2 and 3) treated 
with the β-adrenergic-receptor agonists ritodrine or feneterol developed dyspnoea 
without further signs of cardiac or pulmonary disease. In all three patients, dyspnoea 
resolved spontaneous after discontinuation of the tocolytic treatment. During dyspnoea, 
heart rate was less than 110 bpm, and blood pressure within normal baseline values 
for all patients. 
Case 4, a woman aged 26 years, presented at 30 4/7 weeks in labour with preterm rupture 
of membranes (PPROM) and single gestation. To postpone delivery three tocolytics 
were administered; atosiban, nifedipine and ritodrine combined with betamethasone, 
antibiotics and low-molecular weight heparin. After 48 hours atosiban was discontinued 
according to protocol and nifedipine was continued at a dosage of 30 mg three times in 
24 hours. At the same time ritodrine infusion was lowered from 15 to 9 ml/hour due to 
palpitations earlier that day. Severe dyspnoea developed two hours after the atosiban 
had been stopped. Chest X ray, electrocardiographical control and routine laboratory 
parameters showed no abnormalities. Blood pressure was 140/80 mmHg, heart rate 
121 bpm and temperature and O2 saturation were normal. Ritodrine was stopped and 
with an oxygen mask the dyspnoea resolved spontaneous. Nifedipine was continued 
for three more days. 
Case 5, a woman with a twin gestation developed cough and severe dyspnoea after 4 
days of nifedipine treatment dosed at 90 mg daily, gestational age 33 1/7 weeks. Blood 
pressure was 135/60 mmHg, heart rate 90 bpm, no fever and oxygen saturation of <90%. 
Chest X ray, electrocardiographical control and routine laboratory data were normal. 
However, a ventilation perfusion scan showed a mismatch in a postero- basal right 
lung field. Nifedipine was discontinued and the patient was treated with high dose low 
molecular weight heparin and oxygen suppletion by mask (3 liters/minute). Saturation 
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improved over the next days and the dyspnoea resolved. She delivered spontaneously 
10 days later. A post partum CT scan with angiography showed no abnormalities, no 
signs of embolic processes. 
In case 6, the patient developed a mild dyspnoea after 10 days of treatment with feneterol 
combined with 24 hours of treatment with atosiban. Gestational age 32 4/7 weeks, and 
possible PPROM, although not confirmed by amniotic fluid tests. Dyspnoea worsened 
and 24 hours later tocolytic treatment was interrupted and labour was induced. Due 
to progressive respiratory failure, mechanical ventilation was initiated and soon after 
that, a Caesarean section was performed. Arterial blood gasses revealed PaO2 = 53 
and saturation 88%, blood serum infection parameters rose and chest X-ray and CT 
scan showed bilateral alveolar infiltration. Electrocardiographical control and trans-
oesophageal cardiac ultrasound showed no abnormalities. Patient was treated with 
antibiotics, oxygen suppletion and prophylactic dosage low-molecular weight heparin 
and slowly recovered. 

Hypotension 

Four patients met the definition of hypotension used in the study with a systolic blood 
pressure less than 100 mm Hg and a more than 20% reduction of blood pressure as 
compared to baseline. All four patients were treated with oral nifedipine; all had intact 
membranes and uneventful pregnancies until admittance; one was a twin pregnancy. 
The tocolytic regimen used was 10 mg nifedipine sublingual which was repeated 15 
minutes later directly followed by a 20 mg slow release tablet every 3 or 4 hours. All 
hypotensive adverse events occurred within 3 hours after administration of nifedipine. 
In three patients, nifedipine was restarted after normalization of the blood pressure 
with intravenous fluid suppletion. A second hypotensive event in these patients caused 
definitive cessation of nifedipine treatment and a switch to another tocolytic. During 
the hypotensive periods no cardiotocographic abnormalities or other signs of fetal 
distress were observed.

Hypoxia and lung oedema 

Case 12, a woman with a twin pregnancy was admitted with preterm contractions at 30 
6/7 weeks of gestation. Tocolytic treatment was started with indomethacin and nifedipine. 
After 60 mg nifedipine contractions persisted and tocolytic protocol was switched to 
ritodrine administration. After a few hours she developed general discomfort, without 
dyspnoea. Blood pressure was 85/45 mm HG (no baseline blood pressure available) and 
O2 saturation was 91%. Tocolytic treatment was discontinued. Oxygen suppletion by 
mask resulted in normalization of saturation. Electrocardiographical control showed 
no abnormalities. 
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Two women developed lung oedema with combination tocolytic therapy. The first 
woman, carrying a twin pregnancy, developed severe dyspnoea and lung oedema after 
12 hours of tocolytic treatment with nifedipine, atosiban and berotec at 27 4/7 weeks 
of gestation. Chest X ray showed lung oedema. There were no signs of infection and 
temperature and blood parameters showed no abnormalities. Blood pressure was 170/80 
mm Hg, heart rate 120 bpm and no cardiac abnormalities. The second case, a singleton 
pregnancy, admitted at 31 2/7 weeks, developed severe dyspnoea and lung oedema 
after tocolytic treatment with nifedipine combined with atosiban. Elaborate cardiac 
evaluation showed no abnormalities. In both cases intravenous fluid administration 
was 1 liter / 24 hours.
The last case, a healthy woman with an uneventful singleton pregnancy, was admitted 
with preterm contractions at 35 weeks of gestation. She developed dyspnoea after 5 
days of tocolytic treatment with feneterol, preceded by 2 days of atosiban administration. 
Tocolytic therapy was discontinued and a caesarean section performed because of 
breech presentation. Directly postpartum severe hypotension and respiratory failure 
developed. She was intubated and transferred to an intensive care unit. Transthoracal 
ultrasound showed a dilated left ventricle, an insufficient mitral valve and a systolic 
function reduced to 30%. She was diagnosed as having a post-partum cardiomyopathy 
and with the proper cardiac treatment she recovered slowly.  

Discussion

The 14 cases described in this chapter were found in a cohort study performed to study 
the incidence of serious ADR with the use of tocolytic drugs. The overall incidence of 
ADR in our study was relatively low (0.7%). Maternal side effects to tocolytic drugs were 
lowest with atosiban as compared to nifedipine and β-adrenergic-receptor agonists. 
Most of the ADR observed after nifedipine were related to hypotension and in most 
cases this developed within two to four hours after the start of tocolysis, usually 10 mg 
nifedipine sublingual every 15 minutes to a maximum of two to four times, followed 
by 20 mg slow release every four hours. With such a regimen peak plasma levels are 
likely to occur at 60 to 80 minutes, which corresponds with the timing of hypotension.8 
A recent case report attributed a fetal death to severe asymptomatic hypotension after 
tocolysis with nifedipine.9 In theory, severe asymptomatic hypotension could influence 
uteroplacental blood flow causing fetal distress. Although observed in animal studies, 
clinical trials in normotensive women in preterm labour comparing nifedipine with 
β-adrenergic-receptor agonists claim a reduction in neonatal morbidity with the use 
of the former.4, 10, 11We found no signs of fetal compromise in the 542 cases in this study 
treated with nifedipine only. Whether severe hypotension limits the use of nifedipine 
remains a point of discussion. 
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In recent years, several case reports have been published on serious ADR with the use 
of combined tocolytics, mostly calcium channel blockers combined with β-adrenergic-
receptor agonists.12-15 Pathophysiology of pulmonary oedema or dyspnoea remains 
speculative. Normal adaptations of the maternal cardiovascular system to pregnancy 
are an increase in plasma volume and cardiac output, an increased vascular compliance 
and a hypercoagulable state.16, 17 β-adrenergic-receptor agonists cause tachycardia 
directly and indirectly by inducing peripheral vasodilatation and hypotension. Effects 
may be enhanced by nifedipine through its negative inotropic and vasodilatory effects 
inducing reflex tachycardia also leading to diastolic dysfunction. Theoretically, the 
induced vasodilatation may be more pronounced in precapillary than in postcapillary 
vessels, leading to an increase in hydrostatic pressure and pulmonary oedema.18 We 
found a rather high incidence of serious adverse drug reactions (ADR) with use of 
combined courses of tocolytics (2.5%) In view of the fact that there is no evidence on 
the effectiveness of such combination therapy of tocolytic drugs, we feel it should 
therefore be discouraged.
The precise role of associated factors such as an increase in oxygen consumption 
during labour, atherosclerotic disease, combined administration of corticosteroids 
causing fluid retention, fluid infusion protocols, multiple pregnancies, intra-uterine 
infection, co-medication and medical history is not clear.19-21 Tocolytic drug induced 
fluid retention and iatrogenic fluid overload are mechanisms which could exacerbate 
the physiological predisposition to oedema in pregnancy. 21-23  However, in our study 
we found no evidence of iatrogenic fluid overload. Another factor probably associated 
to serious ADR is fetomaternal infection, which may also play a role in the occurrence of 
preterm labour.24 Altered capillary permeability by endotoxin mediated alveolar injury 
might cause lung injury.25, 26 
In a recent report six cases of severe maternal dyspnoea were presented with the use 
of nifedipine in twin pregnancy.15 We found four serious ADR in women with a multiple 
gestation (RR 1.5; 95% CI 0.39 to 5.0 as compared to singleton women). Two women 
with multiple gestation treated with a single course of nifedipine developed a serious 
ADR (2%) and two women treated with combined courses developed a serious ADR 
(2.4%). Analysis of the cohort data revealed no independent contribution to ADR 
from multiple gestation, preterm rupture of membranes (PPROM), blood loss or other 
obstetric co-morbidity. 
Mechanisms leading to serious ADR after tocolytic administration are still poorly 
understood. Our data revealed no independent risk factors for ADR. The incidence of ADR 
after tocolytic treatment is low, but not absent. Of all tocolytic drugs used in our study, 
the safety profile of atosiban is highest, whereas this is lower for calcium antagonists 
and lowest for β-adrenergic-receptor agonists.  
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ABSTRACT

Background

Fetal heart rate (FHR) variation and fetal movements show a diurnal rhythm, a rise in 
the afternoon and evening compared to morning hours. A previous study showed 
that reductions in fetal parameters occurring two to three days after betamethasone 
administration are most likely caused by suppression of the normal rise during the day. 
Therefore monitoring during the morning could circumvent the suppressive effects of 
betamethasone. To study the effects of betamethasone on fetal diurnal rhythms, by 
comparing morning and afternoon recordings during five successive days.

Methods

A prospective longitudinal study of twenty women at 25 to 34 weeks of gestation.  One-
hour recordings of FHR and fetal movements were made on each of five successive days 
in the morning and afternoon. Betamethasone administration on day 0 and day 1. 

Results

We found no reduction of FHR variation on day 2 and 3 in the morning. In contrast, in 
the afternoon a reduction of FHR variation occurred on day 2. Time courses of fetal body 
and breathing movements during the morning were not affected by betamethasone 
administration 

Conclusions

Transient reductions in fetal movement and FHR variation after glucocorticoid 
administration are not observed in the morning. For longitudinal fetal monitoring in 
high-risk pregnancies, trends in FHR variation and movements of morning recordings 
should be preferably used in the period around glucocorticoid administration.
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Background

Antenatal glucocorticoid therapy is used to enhance fetal lung maturation when preterm 
delivery is expected. Mortality and morbidity of preterm infants are considerably reduced 
following maternal administration of a single course of corticosteroids between 28 and 
34 weeks of gestation.1-3 The therapy seems safe, as physical and functional development 
was similar in treatment and control survivors at 20-22  and 31 years of age.4-6  However, 
we and others have demonstrated direct effects of corticosteroid treatment on the fetus.7-

16 Two days after the first dose of betamethasone there is a transient but considerable 
reduction in fetal heart rate (FHR) variation and in breathing and body movements, with 
a return to normal values two days later.7-9 This hampers proper clinical judgment of the 
fetal condition during the days following betamethasone administration.
In the second half of pregnancy, FHR and its variation, and body and breathing 
movements show a diurnal rhythm with a rise in the afternoon and the evening 
compared to morning hours.17-20 Koenen et al. studied the effects of betamethasone on  
diurnal rhythms of fetal variables two days after the first dose of betamethasone and 
found reductions in FHR variation and movements during the afternoon and evening, 
but not in the morning.21 This suggests betamethasone-induced suppression of the 
normal fetal diurnal rhythm. However, the observations were confined to only one day 
during betamethasone treatment.
In the present study, we studied the effects of betamethasone on FHR variation, 
breathing and body movements in the morning longitudinally during each of 5 
successive days starting before the first betamethasone injection. FHR and its variation 
were also recorded in the afternoon.     
We hypothesize that in morning hours no reductions in fetal movement and FHR 
variation occur after betamethasone administration. If this holds true, then longitudinal 
assessment of the fetal condition after betamethasone administration should be based 
on morning recordings.

Methods

We conducted a prospective longitudinal study (approved by the local ethics 
committee). Twenty women at 25 to 34 weeks of gestation with threatened preterm 
delivery participated in the study after informed consent was obtained. Exclusion criteria 
were signs of intra-uterine infection and multiple gestation. Indications for treatment 
with corticosteroids were premature rupture of membranes (n=3), placenta previa 
(n=3), preterm labour (n=8), SGA (n=2) and pre-eclampsia with or without IUGR (n=4).  
Four women were treated with a single or combination of antihypertensive drugs: 
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methyldopa (n=4), nifedipine (n=1) and labetolol (n=2). The women in preterm labour 
were treated with atosiban (Tractocile®, Ferring Pharmaceuticals A/S, Copenhagen, 
Denmark; n=5) or nifedipine (Adalat Oros®, Bayer B.V., Mijdrecht; n=3). Delivery occurred 
between one and fourteen weeks (median 4 weeks) after the first betamethasone dose. 
All infants did well during the neonatal period. 
In all women (n=20), one-hour recordings of  FHR and its variation were made on each of 
five successive days (days 0-4) starting between 8:30 and 9:30 am. One-hour recordings 
were repeated every afternoon between 16:00 and 18:00 of the same five-day period.  
In twelve women, fetal body and breathing movements were also recorded during 
the morning sessions. The time of recording was standardized for each patient and so 
was the timing of morning meals. Patients received two doses of betamethasone 12 
mg 24 hours apart (Celestone Chronodose ®, Schering-Plough) to enhance fetal lung 
maturation. The first injection was administered on day 0 after the first recording had 
been made in the morning (baseline). 
FHR was monitored using a Hewlett Packard 8040-A cardiotocograph (Boeblingen, 
Germany) with the woman in a semi-recumbent position and was analyzed numerically 
by a computer running the System 8002 program (Oxford Sonicaid, UK).  With this 
program, basal FHR and pulse-interval differences were determined.22 Short term 
FHR variation (STV) was calculated as the average of 1/16 minute pulse-interval 
differences.
Fetal body and breathing movements were visualized using a real-time ultrasound 
transducer (Toshiba, model SSA-340A), video-taped, and scored off-line into a personal 
computer. The video tapes were analyzed in random order. Tonic movements of the 
trunk occurring within one second of each other were regarded to be a single burst of 
movement. A bout of continuous breathing was registered when the intervals between 
consecutive breaths were < 6 seconds.23 The incidence of fetal body movements (% of 
time spent moving), and the incidence of fetal breathing movements (% of time spent 
breathing) were calculated per recording. 
Repeated measures ANOVA was used for statistical calculations. For each variable, the 
contrasts were tested by Bonferroni post hoc tests between day 0 and each of the four 
other days of the study period. P-values < 0.05 were considered to indicate statistical 
significance.

Results 

Data for FHR and its variation were complete for 17 out of the 20 patients, i.e. there 
were data for both the morning and the afternoon sessions on each of five successive 
days. Mean (± SEM) STV and basal FHR over the study period are shown in Figure 1. 
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Afternoon STV-values compared with morning values were higher on all days, except for 
day 2 (Figure 1A). Basal FHR on day 0 was lower in the afternoon than in the morning, 
but there were no significant differences in rate between the afternoon and morning 
sessions on the four other days (Figure 1B).

Figure 1 STV A and basal FHR B in the morning (open circles) and the afternoon (closed circles). Arrows 
indicate betamethasone administration on days 0 and 1. * indicates significant difference between morning 
and afternoon (p < 0.05). Data are presented as mean (SEM).

ANOVA for repeated measurements was performed to evaluate the betamethasone 
effects over the study period (Time main effect). There were significant Time effects for 
morning STV (F = 12.10; p < 0.001), STV in the afternoon (F = 4.48; p < 0.02), morning 
basal FHR (F = 6.04; p < 0.01) and FHR in the afternoon (F = 4.69; p < 0.02). Among the 
morning sessions, STV was higher on day 1 compared with baseline (p < 0.05), while 
basal FHR was lower on day 2 (p < 0.05). In the afternoons, STV was transiently lower on 
day 2 compared with baseline (p < 0.05), whereas basal FHR increased over time and 
was significantly higher on days 3 and 4 (p < 0.05). 
Figure 2 shows the data presented in Figure 1 according to clock time and in relation 
to expected morning-afternoon fluctuations as reported in the literature for normal 
unexposed fetuses of similar gestation.24, 25 The morning-afternoon changes in the 
latter were estimated to be 2 ms for STV and 2 bpm for basal FHR (represented by 
dotted lines with open circles). Morning and afternoon values used for the expected 
course are the baseline mean values before betamethasone administration of the study 
population.  A solid line connects the means of heart rate parameters obtained in the 
morning (closed circles) and the afternoon (closed squares) of the present study. Soon 
after its first dose (day 0), betamethasone induced a considerable sustained rise in STV 
and a concomitant fall in basal FHR which lasted for about 2 days and by far exceeded 
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the expected morning-afternoon fluctuations. On day 2, STV values in the morning 
and afternoon were similar, while on days 3 and 4 both STV and FHR showed normal 
morning-afternoon fluctuations. Betamethasone administration did not affect the time 
courses of fetal body and breathing movements during the morning sessions (Figure 3A 
and B, respectively). None of the described results were affected by potential covariates, 
including gestational age at start of treatment, co-medication, or fetal sex.

Figure 2  Morning and afternoon values of STV and FHR.
The spotted line with open circles represents the expected course of rise and fall in STV and FHR in this 
study group without betamethasone. Morning values used for the expected course are the baseline mean 
values before betamethasone administration. The closed circles (morning) and squares (afternoon) show 
the mean values (SEM) of the study group after betamethasone administration. Time 0 represents the first 
betamethasone injection indicated by arrow followed by the second administration at 24 hours

Figure 3 General movements A and breathing movements B during the morning recordings. Arrows 
indicate betamethasone administration on days 0 and 1. Data are presented as mean (SEM).
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Discussion

Betamethasone administration has a profound short term effect on FHR parameters 
and fetal movements. Well-known are the transient but considerable reductions in 
FHR variation and breathing and body movements two days after the first dose of 
betamethasone with a return to normal values two days later.7, 9 These reductions 
in STV hamper clinical judgment of the fetal condition during the days following 
betamethasone administration. Koenen et al. studied these effects of betamethasone on 
day 2 and found reductions in FHR variation and movements during the afternoon and 
evening, but not in the early morning suggesting betamethasone-induced suppression 
of the normal fetal diurnal rhythm on day 2.21  Normal fetal diurnal rhythm in the second 
half of pregnancy consists of a rise in STV and fetal movements incidence in the afternoon 
and the evening compared to morning hours and a decrease in basal FHR.17-20, 24

In figure 2 the betamethasone-induced STV and FHR changes are plotted against the 
expected pattern of normal fetal diurnal rhythm and figure 1 and 3 show the morning 
parameters. As expected the morning-afternoon rhythm was temporarily abolished 
on day 2 and returned to normal on day 3 and 4. Moreover, the results also clearly 
demonstrate that there is no reduction of FHR variation and body and breathing 
movements in the morning hours.  
The effects seen on day 0 and 1 can not be explained by merely abolishment of the fetal 
diurnal rhythm. A decrease in basal FHR and an increase in STV occurring within several 
hours after the start of corticosteroid administration, have also been found in preterm 
human infants, in fetal sheep and baboons and in human fetuses.26-29  The decrease in 
basal FHR is likely to be associated with an increase in fetal systemic blood pressure 
due to increased peripheral vascular resistance probably resulting from glucocorticoid 
enhanced vascular tone.30 The decrease in FHR is generally thought to be caused by 
a vagally mediated baroreceptor response to increased systolic pressure.27, 28, 30 The 
increase in STV can, to a large extent, be explained by the known inverse relationship 
between basal FHR and its variation, which was also found in the early studies on the 
effects of corticosteroids.8, 9, 31 
Some studies have suggested that fetal diurnal rhythms are to a large extent driven by 
the mother, although the mechanism by which the mother influences fetal rhythms is 
still unclear. 24 Furthermore, mechanisms for glucocorticoids to temporarily influence 
fetal diurnal rhythm are uncertain. In the adult, diurnal rhythms are driven by the 
biological clock located in the suprachiasmatic nuclei of the hypothalamus. A possible 
mechanism is the direct effect of glucocorticoids on the suprachiasmatic nuclei (SCN).32-

34 The question is whether the fetal suprachiasmatic nuclei is able to play such a role in 
the generation of prenatal diurnal rhythms.
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Another possible mechanism for glucocorticoids to temporarily influence fetal diurnal 
rhythms, is by temporary suppression of the fetal HPA-axis, suggesting a role for cortisol 
as a major “Zeitgeber”.35 A recent study showed that infants exposed to repeat prenatal 
corticosteroids had a lower cortisol response to a stressor than infants exposed to a 
single prenatal course of corticosteroids, suggesting fetal HPA – axis effects of prenatal 
glucocorticoid administration.36 Maternal cortisol shows a robust 24-h rhythm that is 
present throughout pregnancy.37 Previous studies demonstrated that administration 
of exogenous glucocorticoids to pregnant women results in abolished diurnal rhythm 
of maternal cortisol, ACTH, and estriol.21, 38-40 We previously showed cortisol and ACTH 
diurnal rhythm suppression on day 2 after betamethasone administration.21 The maternal 
cortisol diurnal rhythms returned simultaneously with the return of the fetal diurnal 
rhythms of heart rate variation and movements. 
In conclusion, the administration of betamethasone has profound effects on the 
fetal heart rate and movements, most likely explained by a combination of direct 
reversible effects on the fetal cardiovascular system combined with temporarily 
effects on fetal diurnal rhythms driven by mechanisms still poorly understood. In this 
study, we hypothesized that in morning hours no reductions in fetal movement and 
FHR variation occur after betamethasone administration. The results (Figures 1 and 3) 
clearly demonstrate no reduction of FHR variation and body and breathing movements 
in the morning hours. With respect to clinical significance, our results have direct 
consequences for fetal surveillance in high-risk pregnancies. For fetal monitoring and 
especially for assessing trends in fetal heart rate variation and movements with time, 
morning recordings should be preferably used in the period around glucocorticoid 
administration.
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Abstract

Background

The choice of first-line tocolytic agent is a topic of worldwide debate. The oxytocin 
receptor antagonist atosiban and the calcium antagonist nifedipine appear to be 
effective in postponing delivery. However, information is lacking on their possible effects 
on the fetal biophysical profile.

Methods

To study the direct fetal effects of tocolysis with atosiban or nifedipine combined with 
a course of betamethasone we performed a randomized controlled study. Women with 
preterm labour were randomized for treatment with atosiban (n=20) or nifedipine (n=20). 
Primary outcome measures were the effects on fetal heart rate (FHR) and its variation. 
Secondary endpoints were the effects on fetal movement and blood flow (pulsatility 
index – PI) of the umbilical (UA) and medial cerebral arteries (MCA). 

Results

One-hour recordings of FHR and fetal movements were made on each of five successive 
days (days 0 – 4). Fetal blood flow velocity patterns were studied daily by Doppler 
ultrasound. Baseline characteristics of 31 women who had not delivered at day 0 and 
needed no escape tocolysis did not differ between the study groups. Multilevel analysis 
showed no significant effect of either tocolytic on FHR and movement parameters over 
the 5-day study period. The use of tocolytics did also not significantly alter the time 
courses of PI-values for UA (p=0.37) and MCA (p=0.62). 

Conclusions

This study demonstrates for the first time the direct effects of atosiban on fetal movement, 
heart rate and blood flow. Tocolysis with either atosiban or nifedipine combined with 
betamethasone administration appears to have no direct fetal adverse effects. 
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Background

Preterm delivery accounts for fewer than 1 in 10 births but results in 75% of neonatal 
deaths and most neonatal intensive care admissions.1 Antenatal glucocorticoid therapy 
in women with threatened preterm delivery under 34 weeks of gestational age has 
highly beneficial effects on neonatal outcome.2 Therefore, postponing delivery for at 
least 48 hours for the administration of glucocorticoids is the first objective of tocolysis. 
The choice of the first-line tocolytic agent is still a topic of debate. β-adrenergic-receptor 
agonists have been increasingly falling from favour as first-line tocolytic agents 
because of the high incidence of maternal adverse effects. A recent Cochrane review 
suggested calcium channel blockers to be superior in delaying delivery and reducing 
the risk of neonatal morbidity with very low rates of maternal side effects compared 
to β-adrenergic-receptor agonists.3 However, recent case reports of serious maternal 
complications with the use of calcium antagonists are concerning.4-6 The oxytocin 
receptor antagonist atosiban has a high specificity for the uterus with limited or no 
systemic effects. Randomized controlled trials have shown similar efficacy of atosiban 
compared to β-adrenergic-receptor agonist and a reduction in preterm deliveries 
compared to placebo. 7-9 The limited data available suggest that both calcium antagonists 
(such as nifedipine) and atosiban are not associated with adverse neonatal effects nor 
with fetal heart rate abnormalities.10, 11 However, as to both drugs information is lacking 
on their possible effects on the fetal biophysical profile. In previous studies, we examined 
the effects of glucocorticoids on the fetal biophysical profile using ultrasound imaging 
and computerized fetal heart rate (FHR) analysis, and found substantial changes in fetal 
parameters after treatment.12-14 It was the aim of the present randomized controlled 
study to examine whether treatment with a tocolytic regimen combined with a course 
of betamethasone has additional (adverse) fetal effects.

Methods

The study protocol was approved by the local medical ethical committee and a signed 
informed consent was obtained from each participant. Women with preterm labour 
requiring tocolytic treatment were prospectively randomized for treatment with either 
atosiban i.v. (n = 20) or nifedipine (n = 20). Women were included between October 
2003 and June 2006. Inclusion criteria were gestational age between 25 and 33 weeks 
and no previous tocolytic treatment. Exclusion criteria were multiple pregnancy, severe 
vaginal bleeding, fetal congenital anomaly and signs of intra-uterine infection. The 
clinical decision whether or not to treat with a tocolytic drug was made by the attending 
obstetrician in the delivery rooms. The principal investigator randomized all women 
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according to a computer-generated randomization list. Treatment was not blinded. 
After randomization women received atosiban or nifedipine as follows: 
1. Atosiban (Tractocile®, Ferring Pharmaceuticals A/S, Copenhagen, Denmark) was given 
as a single intravenous bolus dose (6.75 mg in 0.9 ml isotonic sodium chloride solution), 
followed by intravenous infusion of 300 µg/min in 5% dextrose for the first 3 hours and 
then 100 µg/min in 5% dextrose for as long as 48 hours. 
2. Nifedipine treatment was initiated with four 10-mg capsules at 15-min intervals 
(Nifedipine CF, Centrafarm B.V, Etten-Leur, The Netherlands), followed by a maintenance 
dose of 30 mg slow-release nifedipine at 8-hour intervals (Adalat Oros®, Bayer B.V., 
Mijdrecht, The Netherlands). After 48 hours nifedipine administration was decreased 
progressively. All women received two doses of betamethasone 12 mg 24 hours apart 
(Celestone Chronodose ®, Schering-Plough) to enhance fetal lung maturation, starting 
on the day of tocolytic treatment (day 0).
One-hour recordings of FHR and its variation and fetal movements were made on each 
of five successive days (days 0-4) starting between 8:30 and 10:00 am. The first recording 
(day 0) was made before treatment had been started.  FHR recordings were repeated 
every afternoon between 16:00 and 18:00 of the same five-day period. Fetal blood 
flow velocity patterns were studied daily by Doppler ultrasound. Timing of recordings 
was standardized for each patient.  FHR was monitored using a Hewlett Packard 
8040-A cardiotocograph (Boeblingen, Germany) with the woman in semi-recumbent 
position. The FHR signal was analyzed numerically by a computer running the System 
8002 program (Oxford Sonicaid, UK).  With this program, basal FHR and pulse-interval 
differences were determined.15 Short term FHR variation (STV) was calculated as the 
average of 1/16 minute pulse-interval differences. 
Fetal body and breathing movements were visualized using a real-time ultrasound 
transducer (Toshiba, model SSA-340A), video-taped, and scored off-line into a personal 
computer. The video tapes were analyzed blinded and in random order. Tonic movements 
of the trunk occurring within one second of each other were regarded to be a single 
burst of movement (GM). A bout of continuous breathing (BR) was registered when the 
intervals between consecutive breaths were < 6 seconds.16 The incidence of fetal body 
movements and fetal breathing movements (% of time spent moving or breathing) was 
calculated per one hour recording. Assessment of the fetal circulation was performed 
using colour mapping and pulsed wave Doppler ultrasound. First measurement at 
day 0 after the start of the assigned tocolytic treatment when uterine quiescence was 
achieved. All examinations were performed with the same equipment (Toshiba Aplio 
SSA-700A). Pulsatility Indices (PI) were calculated from blood flow velocity waveforms 
of the umbilical artery (UA) and the middle cerebral artery (MCA).  Measurements were 
repeated for at least five cardiac cycles.
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Women 

randomised 
(n = 40) 

Atosiban 
(n = 20) 

Nifedipine 
(n = 20) 

Atosiban 
(n = 17) 

Nifedipine 
(n = 14) 

1 wit hdrawal  
1 rapid progr ess  
1 escape t ocolysis  

3 rapid progr ess  
3 escape t ocolysis  

Figure 1 Study population: distribution of women over the study groups.

Primary outcome measures were the effects of both tocolytics on FHR and its variation. 
Secondary endpoints were the effects on fetal movement (GM and BR) and blood flow 
parameters (UA and MCA). 
The Statistical Package for Social Sciences (SPSS version 12.01, Chicago, Ill.) was used for 
statistical analysis. Groups were compared for equivalence in baseline characteristics 
using Chi-square test or Fisher exact test, as appropriate, for categorical measures and 
Student’s unpaired t-test for continuous variables. Multilevel analysis (linear mixed 
model option) was used to identify variables that had an independent effect on the 
time course of the outcome measures. P-values < 0.05 were considered to indicate 
statistical significance.

Results    

Forty women were enrolled in the study and randomized to receive either atosiban 
(n = 20) or nifedipine (n = 20). Four women received escape tocolysis within the first 24 
hours, four women showed a rapid progress of labour and delivered the same day, and 
one woman withdrew consent (Figure 1). Thirteen out of 19 women in the atosiban 
group and 11 out of 20 women in the nifedipine group needed no escape tocolysis and 
remained undelivered till the end of the 5-day period. Baseline characteristics of the 31 
eligible women did not differ between the study groups (Table 1). 

randomized

withdrawal
rapid progress rapid progress
escape tocolysis escape tocolysisescape tocolysis
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Because of preterm birth the number of patients in the study decreased steadily. There 
were 31 patients on day 0, 29 patients on days 1 and 2 (89%), 27 patients on day 3 (87%), 
and 24 patients on day 4 (77%). Using multilevel analysis, we studied the course of the 
FHR and movement parameters over the study period (morning recordings) and the 
effects thereupon of gestational age (dichotomized) and the two tocolytics (Table 2). 
Compared to baseline (day 0), basal FHR was decreased on days 1 and 2 and STV and 
LTV were transiently increased on both days, while fetal body and breathing movements 
remained unchanged over the 5 days of study (Table 2, Figure 2). Fetuses at < 29 weeks 
compared with fetuses at > 29 weeks of gestation had higher values of basal FHR and 
GM, but lower FHR variability (Table 2). However, gestational age had no effect on the 
time course of these parameters, as none of the gestation X time interaction effects 
attained statistical significance. Importantly, the use of either tocolytic did not alter 
the level nor the time course of any of the fetal parameters (Table 2, Figure 2). For the 
afternoon recordings made during the study period, we found no differential effects of 
atosiban and nifedipine on basal FHR (p = 0.64) or STV (p = 0.62).
There were no significant changes in the PI-values of the umbilical and middle cerebral 
over the 5 days of study and neither gestation nor tocolytics had any significant effect 
(Table 3, Figure 2). Waveform analysis of the UA showed positive end-diastolic flow in 
all fetuses during the study period.

Atosiban Nifedipine P

Maternal age (years) 29.4 ± 4.3 31.6 ± 5.6 0.24

Gestational age at inclusion (weeks) 30.5 ± 2.5 28.7 ± 2.0 0.06

Gestational age < 29.0 weeks (n; %) 6 (35) 8 (57) 0.22

Cervical dilatation (cm) 0.65 ± 0.7 0.71 ± 0.9 0.98

Nulliparity (n; %) 8 (47) 8 (57) 0.58

PPROM (n; %) 4 (24) 4 (29) 0.75

Antibiotics (n; %) 5 (29) 4 (29) 0.96

Gestational age at birth (weeks) 35.1 ± 3.5 34.7 ± 4.4 0.80

Table 1. Baseline characteristics of the study groups. Data are presented as mean ± SD or as number and 
proportion (n; %).
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Umbilical Middle Cerebral

Artery Artery

Variable Pulsatility Index Pulsatility Index

Constant 1.12 (0.06); p < 0.0001 1.90 (0.14); p < 0.0001

Time (5 days)

Overall p = 0.59 p = 0.14

Gestational age

25 – 29 wk -0.08 (0.05); p = 0.11 0.10 (0.12); p = 0.40

29 – 34 wk 0 (0); -- 0 (0); --

Tocolytic

Atosiban 0.05 (0.05); p = 0.37 0.06 (0.12); p = 0.62

Nifedipine 0 (0); -- 0 (0); --

Table 3  Overview of results of multilevel modelling for Doppler velocity waveforms in the total sample 
(n=31). Analyzed are day 0 to day 4. Presented are estimates (± standard error) of predictors and the level of 
significance of their contribution to the models.

Figure 2  Mean morning values ± SEM of the study parameters short term variation  (STV) of fetal heart rate 
(FHR), basal FHR, umbilical artery pulsatility index (PI) and middle cerebral artery PI during the study period 
in both study groups. Open circles represent women treated with atosiban and closed circles women trea-
ted with nifedipine. The first arrow indicates start of tocolytic treatment and betamethasone administration. 
The second arrow indicates the second dose of betamethasone. 
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Discussion

In this study we did not find any adverse effect of either atosiban or nifedipine on FHR, 
fetal movement and fetal blood flow, apart from the changes known to be caused 
by corticosteroids. Moreover, there were no differences in fetal parameters between 
atosiban and nifedipine. This is the first study in which these parameters have been 
studied in relation to atosiban. It would have been better to study the fetal effects of 
both tocolytics without having to take into account the effects of simultaneously given 
corticosteroids, but we did not consider this ethically justified.
Atosiban crosses the placenta with an average fetal vs maternal ratio of 0.124 and does 
not accumulate in the fetus.17 Atosiban does not significantly alter maternal or fetal 
cardiovascular parameters when it is administered to late pregnant sheep.18 In chronically 
instrumented baboons in the third trimester of pregnancy, atosiban infusion did not 
alter fetal oxygenation.19 In contrast, nifedipine crosses the placenta easily with a ratio 
of 0.93 between umbilical cord blood and maternal serum concentrations.20 21 Some 
animal studies on calcium channel blockers have reported changes in uterine blood flow 
and occurrence of fetal academia.22-25  In the human a transient decrease in umbilical 
artery pulsatility index (PI) has been described 15 minutes after administration of 10 mg 
nifedipine sublingually 26, but in three other studies no changes in fetal or uteroplacental 
circulation were observed.27-29 The latter is in agreement with our findings.
There were no differences in FHR variation and incidences of fetal movements between 
atosiban and nifedipine. The changes observed can be attributed to the known effects 
of betamethasone, a decrease in basal FHR and increase in STV occurring within 
several hours after the start of corticosteroid administration. These rapid effects within 
several hours after the start of corticosteroid administration on FHR have also been 
found in preterm human infants, in fetal sheep and baboons and in human fetuses.30-33  
The decrease in basal FHR is likely to be associated with an increase in fetal systemic 
blood pressure due to increased peripheral vascular resistance probably resulting from 
glucocorticoid enhanced vascular tone.34 The increase in STV can, to a large extent, 
be explained by the known inverse relationship between basal FHR and its variation, 
which was also found in the early studies on the effects of synthetic corticosteroids. 12, 

13, 35 Whether betamethasone administration in these patients conceals a tocolytic direct 
effect of either atosiban or nifedipine is unlikely. We found no significant effect of either 
tocolytic on the studied fetal parameters.
In the literature there is only one small RCT that has directly compared the tocolytic 
effect of atosiban and nifedipine.36 In this unblinded study 80 women with preterm 
contractions were enrolled between 26 and 34 weeks of gestation. Atosiban was 
effective in 82.5% of cases ( not delivered within 48 hours) and nifedipine in 75%, with 
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a mean duration of pregnancy after treatment of 29 and 23 days (p = 0.79), respectively. 
Although, our study was not intended to compare the tocolytic effects of both drugs, we 
also found atosiban to be at least as successful as nifedipine. Further research is needed 
to establish superiority in postponing delivery of atosiban versus nifedipine.  

Conclusion

This study demonstrates for the first time the direct effects of atosiban on fetal 
movement, fetal heart rate and fetal blood flow. Tocolysis with either atosiban or 
nifedipine combined with betamethasone administration appears to have no direct 
adverse fetal effects. 
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Abstract

This review critically evaluates the efficacy of different tocolytics in reducing uterine 
pressure and contractions in term labour. The available evidence supports the use 
of beta-adrenergic-receptor agonists such as terbutaline or ritodrine; they appear to 
have an immediate and comparable profound effect on uterine activity in term labour. 
However, the preferred choice type of beta-adrenergic-receptor agonist and dosage is 
unclear. The oxytocin receptor antagonist atosiban has a high specificity for the uterus 
with limited or no systemic effects and could therefore be an attractive alternative for 
use in term labour. The evidence on the tocolytic potency of a single bolus of atosiban for 
tocolysis in term labour is encouraging but limited and needs further research. Literature 
documenting efficacy and safety of nitroglycerin or magnesium sulphate in term labour 
is far from convincing. The theoretical basis for the use of tocolytics for non-reassuring 
intrapartum fetal heart rate patterns is to reduce the aggravating influence of uterine 
contractions. However, the clinical evidence that tocolytics in term active labour are 
actually beneficial in improving neonatal outcome is very limited.
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Background

The use of tocolytic drugs to inhibit preterm labour is well-established and a large 
number of clinical trials have reported on the utility and side effects of the different 
tocolytics available.1-4 Occasionally, tocolytics are used in term labour, for example to 
facilitate external cephalic version or to prevent traumatic delivery during Caesarean 
section (CS). Another clinical problem that might potentially be alleviated by rapid 
uterine relaxation is a non-reassuring intrapartum fetal heart rate pattern at term. Indeed, 
intra-uterine resuscitation by means of acute tocolysis has become common practice 
in many obstetrical units. Intrapartum fetal compromise may involve combinations of 
hypoxemia and both metabolic and respiratory acidosis and may occur when the effects 
of uterine contractions exceed the compensatory mechanism of the fetoplacental unit 
during labour. In normal labour, uterine contractions affect oxygen saturation of the 
uncompromised fetus but fetal oxygenation is restored between contractions.5 Uterine 
hyperstimulation after accidental oxytocin overdose has been found to be associated 
with an incremental decrease of fetal oxygen saturation and a drop in fetal heart rate 
(FHR) during each contraction.6 Cord occlusion, either partial or complete, can cause 
both an increase in fetal afterload and a decrease in fetal arterial oxygen content, either 
of which will result in vagal stimulation resulting in non-reassuring FHR patterns.7 These 
findings support the rationale for using acute tocolysis to improve the fetal condition. 
By removing the aggravating influence of uterine contractions, one might alleviate 
fetal compromise caused by reduced oxygen supply and umbilical cord compression. 
Recovery may buy time while preparations are made for emergency delivery or for 
labour to be allowed to progress if the FHR pattern has improved after tocolysis. Most of 
the tocolytics used for preterm labour (beta-agonists, nitric oxide donors and atosiban) 
are also used for acute tocolysis in term labour. However, the supporting evidence for 
acute tocolysis in term labour appears to be limited. This review critically evaluates 
that evidence. Since reduction of the amount of uterine contractions in term labour is 
the theoretical basis for intra-uterine resuscitation, we will focus on the efficacy of the 
different types of tocolytics in reducing uterine pressure and contractions. 

Methods

Data sources used included a computerized literature search of MEDLINE (1966 – 2008), 
EMBASE (1996-2008), the Cochrane Library and manual search of bibliographies of 
pertinent articles. The criteria for selection of articles to be reviewed are shown in Table 1.  
Only studies on acute tocolysis in term labour that met our inclusion criteria were 
considered. The primary outcome parameter was efficiency of the various tocolytics 
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Category Criteria

Study population Hospitalized pregnant women

Gestational age 37 weeks or more

Condition Term active labour with or without a non-reassuring fetal heart rate pattern or 
uterine tachysystole

Study settings Continuous measurement of intra-uterine pressure with catheter

Outcomes Data on uterine pressure / contractions before and after treatment with tocolytic 
agent

Time period 1966 to 2008

Publication language English

Study designs Prospective studies

Table 1 Inclusion / exclusion criteria for studies on acute tocolysis / intra-uterine resuscitation in term la-
bour.

in reducing uterine pressure and contractions. The selected studies presented data 
on uterine pressure and contractions obtained by intra-uterine pressure catheters, 
compared pre- and post-treatment periods, and expressed the results as Montevideo 
Units, Alexandria Units, or area under the curve (AUC) units. Secondary outcome 
parameters were maternal and fetal side effects of the tocolytics. For each subgroup of 
tocolytics discussed in this review, we also briefly summarize the mechanisms of action 
and evidence for efficacy and maternal and fetal side effects in preterm labour.

Results

Beta-adrenergic-receptor agonists

Beta-adrenergic-receptor agonists inhibit myometrial contractions by interacting 
with uterine smooth muscle cell membrane beta-receptors and have been used as 
tocolytics since 1961. These agents are known to be successful in postponing preterm 
delivery for 24-48 h.1, 8 β-adrenergic agonists may cause a variety of side effects. They 
rapidly cross the placenta and common effects on the fetus include fetal tachycardia, 
increased cardiac output and redistribution of fetal blood flow. Because they cause 
maternal hyperglycaemia, rebound hypoglycaemia and hyperinsulinemia may occur 
in the neonate after prenatal treatment. 8-10 Four studies investigating the effects of 
β-adrenergic-receptor agonists on uterine contractions in term labour qualified for 
inclusion (Table 2). Gerris et al. published one of the first randomized trials of two 
β-mimetic drugs for acute intrapartum tocolysis.11 Twenty-four women in active labour 
were randomly allocated to 30 minute infusion of fenoterol (1, 2 or 4 µg/min) or ritodrine 
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(100, 200 or 400 µg/min 30 min). β-adrenergic-receptor agonist administration led to a 
dose-related inhibition of uterine activity (to an average of approximately 25% of the 
pre-infusion uterine activity) with either tocolytic. Sheybany et al. showed similar results 
after a 3 minute infusion of ritodrine (6mg bolus) in 47 women with a non-reassuring fetal 
heart rate pattern.12 At the time of the decision to perform a CS, the women were given 
either ritodrine (n=24) or no treatment (n=23). Uterine activity was reduced to an average 
of 22% after ritodrine infusion and was unchanged in the control subjects. Although 
treatment was not randomized, baseline characteristics were not significantly different 
between the treatment and control groups. The effects of another type of β-adrenergic 
agonist, a single injection of terbutaline 250 µg, were studied by Ingemarsson et al.13 
In a group of 15 women with spontaneous labour, terbutaline administration reduced 
uterine activity to 16.3% during the first 15 minutes compared to pre-injection uterine 
activity. In a second group of 10 patients with augmented labour and oxytocin infusion, 
uterine activity was reduced to 25 % of the pre-injection value. The terbutaline injection 
had an immediate profound effect on uterine contractions within several minutes in both 
treatment groups. Magann et al. performed a prospective randomized study comparing 
terbutaline 250 µg subcutaneously with a magnesium sulphate 4 gram intravenous 
bolus. 14 Forty-six women in active labour who developed a non-reassuring fetal heart 
rate pattern requiring Caesarean section were randomly allocated to one of the two 
groups. There was a significant reduction to 45% of the pre-treatment values in the 
first 10 minutes after terbutaline administration. Uterine activity was not significantly 
altered following magnesium sulphate administration.
In summary, we found four studies that met our inclusion criteria in which the 
β-adrenergic-receptor agonists ritodrine, fenoterol and terbutaline were studied. 
Although the number of patients investigated in the reports was low, the post-injection 
intervals studied short and most of the data presented not supported by statistical 
analyses, there was consistent evidence indicating tocolytic action of β-adrenergic-
receptor agonists in term labour. In a recent randomized  trial comparing terbutaline with 
nitroglycerin (n=110), studying the effects of these drugs on FHR patterns, a reduction of 
uterine contractions from 5 /10 minutes before drug administration to 2.9 /10 minutes 
after terbutaline was described in a secondary analysis.15 In this study it was unclear 
whether intra-uterine pressure catheters were used in all patients. Concerning maternal 
side effects, all studies reported maternal tachycardia after β-adrenergic-receptor agonist 
administration, but no changes in systolic and diastolic blood pressure. Fetal tachycardia 
developed after ritodrine and fenoterol administration. The terbutaline studies presented 
no data on fetal heart rate. However, development of fetal tachycardia after terbutaline 
administration has been reported elsewhere.16, 17 
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Nitric oxide donors

Nitric oxide donors are thought to act as a tocolytic agent by inducing a powerful 
inhibitory effect on smooth muscle contraction. The mechanism of action is not entirely 
understood but is thought to involve the metabolite of nitroglycerin, nitric oxide (NO), 
which acts either as a secondary messenger or activates other secondary messengers 
in the myometrial cells leading to a reduction in intracellular calcium. The potential 
effectiveness and relatively few side effects of glyceryl trinitrate (GTN, a NO donor) 
when administered by transdermal patch, lead to the investigation of this agent for the 
prevention of preterm delivery.18, 19 Since that time, several studies have reported varying 
degrees of success with GTN in preterm labour. 20, 21 Bisits et al. found GTN to be less 
efficacious compared to beta-sympathicomimetics and a Cochrane review concluded 
that there is insufficient evidence to support the routine administration of nitric oxide 
donors in the treatment of preterm labour. 22, 23 However, in a recent, relatively small 
study by Smith and co-workers, transdermal nitroglycerin was compared to placebo.24 
The authors demonstrated a reduction in neonatal morbidity and mortality as a result 
of decreased risk of birth before 28 weeks with the use of GTN patches.
We found only one study examining the effects of NO donors in term labour. Buhimschi 
et al. performed a double blind randomized placebo-controlled study of the effects 
of sublingual nitroglycerin on uterine contractility.25 They randomly assigned twelve 
patients in the active phase of labour at term to three doses of sublingual nitroglycerin 
(800 µg) or placebo given at 10-min. intervals. The three doses of nitroglycerin failed to 
reduce intra-uterine pressure and contraction frequency. The mean maternal arterial 
pressure decreased significantly by 20% after the first dose of nitroglycerin. The authors 
suggested that higher doses of sublingual nitroglycerin might be effective, but, if so, 
at the cost of increasing maternal and fetal risks. With their study, Buhimschi et al. 
corroborate earlier findings by Mercier et al.26 The latter authors treated 24 term women 
with intrapartum fetal distress with 60 or 90µg nitroglycerin intravenously and studied 
the maternal cardiovascular side effects. Six women developed profound hypotension 
after a 90µg bolus, with a systolic blood pressure less than 100 mm Hg. Despite changing 
the route of administration from intravenous to sublingual, maternal side effects after 
nitroglycerin administration would likely remain a limiting factor for the use of this type 
of tocolytic in term labour, even if they could be shown to have efficacy. 

Oxytocin antagonists

The oxytocin antagonist atosiban acts by blocking the myometrial cell membrane 
oxytocin receptors by competitive inhibition.27 Randomized trials have shown atosiban 
to be at least as effective as three beta agonists, ritodrine, salbutamol and terbutaline, 
but with significantly fewer maternal cardiovascular side effects. 2, 4, 28, 29 Atosiban has a 
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high specificity for the uterus with limited or no systemic effects and could therefore 
be an attractive alternative for use as a tocolytic in term labour. It is not available in the 
United States, however, as it lacks Food and Drug Administration approval. 
We recently studied in a prospective randomized design the effects of atosiban 
compared to ritodrine in term active labour. Primary endpoints were the effects on 
maternal blood pressure and heart rate, and a secondary endpoint was the effect on 
uterine pressure.30 Women in term labour were randomized to either atosiban 6.75 
mg (Tractocile®, Ferring Pharmaceuticals A/S, Copenhagen, Denmark) diluted in 4.9 
ml saline administered as an intravenous bolus (n=70) or ritodrine 10 mg (Pre-par 
®, Solvay-Pharmaceuticals S.A., Brussels, Belgium) diluted in 9 ml saline intravenous 
bolus (n=70). In 58 patients (ritodrine n=29, atosiban n=29) intra-uterine pressure was 
recorded for at least 20 minutes both before and after tocolytic administration using a 
sensor-tip pressure catheter. Compared to baseline, uterine pressure was significantly 
reduced by a maximum of 55% after ritodrine administration, compared to a maximal 
reduction of 54% after atosiban administration. In both groups, 26 out of the 29 women 
with adequate uterine activity data responded to tocolytic administration. The most 
profound reduction was found in the women undergoing oxytocin augmentation, 
whereas the effect of atosiban on uterine pressure in women in spontaneous labour 
was mild and not significant. Two more studies were published concerning the effects of 
atosiban in term labour. In a small observational pilot study fifteen women with uterine 
hyperactivity were treated with atosiban 6.75 mg intravenously.31 Alleviation of uterine 
activity was achieved in 14 out of 15 cases. Unfortunately, no data were presented on 
reduction of uterine contractions by comparing pre- and post injection intervals. The 
limited systemic effects and fetal effects found in the preterm labour trials were also 
found in the studies of term women described above. 

Discussion

We found only six studies presenting data on the effects of different tocolytics on uterine 
pressure and contractions during term labour. The available evidence best supports 
the use of β-adrenergic-receptor agonists. β-adrenergic-receptor agonists such as 
terbutaline or ritodrine appear to have an immediate and comparable profound effect 
on uterine activity. However, the preferred choice of type of β-adrenergic-receptor 
agonist and dosage remains unclear and has to be further investigated. Our review has 
focused on reduction in uterine activity in term labour and not on the effects of tocolytics 
on FHR or fetal pH. Several, mainly observational studies, have been published on this 
topic.32-34 However, these studies are hard to interpret because of many methodological 
limitations, such as absence of randomization or control groups and of large imbalances 
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in group sizes. A Cochrane Review by Kulier and Hofmeyr assessed the effects of tocolytic 
therapy for suspected fetal distress on fetal, maternal and perinatal outcomes.35 After 
selection, only three studies could be included 14, 36, 37 The reviewers concluded that 
the limited evidence suggests that β-adrenergic-receptor agonist therapy appears to 
be able to reduce the incidence of FHR abnormalities. Recently, Pullen and co-workers 
published a large randomized trial that compared the effects of intravenous terbutaline 
or nitroglycerin on non reassuring FHR patterns.15 The authors claimed similar successful 
acute resuscitation rates on FHR recovery (terbutaline 71.9% and nitroglycerin 64.2%; 
p=.38). Surprisingly, the median number of contractions per 10 minutes before and 
after nitroglycerin administration was not significantly lower suggesting a rather poor 
tocolytic effect. Despite this trial, the literature documenting efficacy and safety of 
nitroglycerin in term labour is very limited and far from convincing. 
In another recent trial in which neonatal outcome was the primary endpoint, Briozzo 
and co-workers randomized fetuses with non-reassuring heart rate for emergency 
delivery or intra-uterine resuscitation with fenoterol infusion.38 The risk of admission to a 
neonatal care unit and a large umbilical artery base deficit was higher in the emergency 
delivery than in the resuscitation group. However, this trial alone is not sufficient to 
recommend routine tocolysis for intra-uterine resuscitation, it had few methodological 
limitations.39 
Recent literature questions the role of magnesium sulphate in preterm labour.40 The only 
article on term labour has reported no reduction of uterine activity after magnesium 
sulphate.14 Magnesium sulphate has, therefore, no role as a tocolytic in term intrapartum 
tocolysis. The theoretical basis for the use of tocolytics for a non-reassuring intrapartum 
fetal heart rate pattern is to reduce the aggravating influence of uterine contractions. 
However, the evidence to support this theoretical benefit is very limited. Furthermore, 
the β-adrenergic-receptor agonist effects on the maternal and fetal cardiovascular 
systems remain concerning and should not be underestimated, especially in women 
undergoing Caesarean delivery. In general, it seems wise not to treat women with a 
history of cardiovascular disease, hypertension or diabetes with a β-adrenergic-receptor 
agonist. Because of its more favourable side effect profile, the oxytocin antagonist 
atosiban should be further investigated for acute tocolysis in term active labour.
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Abstracts

Objective

To study the effects of the tocolytics atosiban and ritodrine in term labour. 

Methods

Women in term labour, requiring acute tocolysis, were prospectively randomized for 
treatment with either atosiban i.v. (n=70) or ritodrine i.v. (n=70). There were three 
indications for acute tocolysis: (1) fetal distress followed by continuation of labour, (2) 
fetal distress followed by emergency Caesarean section (CS) and (3) arrest of contractions 
in women waiting for a secondary CS in the absence of fetal distress. 
Primary endpoints were maternal blood pressure (MBP) and maternal heart rate (MHR). 
Secondary endpoints were intra-uterine pressure, fetal heart rate (FHR), 5’- Apgar score 
and umbilical arterial pH. 

Results

Baseline characteristics did not differ between either study group. The ritodrine group 
showed a significant rise in MHR (P<0.001), MHR remained unaltered in the atosiban 
group (P=0.31). No significant changes occurred in systolic and diastolic BP in either 
group. FHR rose a maximum of 11.6 bpm (8.5%) in the ritodrine group (P<0.001) 
compared to a rise of 4.9 bpm (4.8%) in the atosiban group (P=0.27). No differences 
were found in blood loss and fetal outcome. Compared to baseline, uterine pressure 
was reduced by a maximum of 55% (P<0.001) after ritodrine administration, compared 
to a maximal reduction of 54% (P<0.001) after atosiban administration. These effects 
did not differ between the two treatment groups. 

Conclusions

Considering the maternal effects, our results suggest a possible role for atosiban bolus 
in acute tocolysis in term labour. 
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Background

The use of tocolytic drugs for preterm labour is a well-established and clinically useful 
practice. Occasionally, tocolytics are also used in term pregnancy, for example for 
external cephalic version or to prevent traumatic delivery at Caesarean section.1 Another 
clinical problem that often requires rapid uterine relaxation in active labour at term is 
fetal distress. Intra-uterine resuscitation in case of suspected fetal distress by means of 
acute tocolysis has become common practice in many obstetrical units. Intrapartum fetal 
distress may involve combinations of hypoxemia and metabolic and respiratory acidosis 
and may occur when the effects of uterine contractions exceed the compensatory 
mechanism of the fetoplacental unit. This supports the rationale for using acute tocolysis 
in case of fetal distress. By removing the aggravating influence of uterine contractions, 
one enables improvement of the fetal condition caused by reduced oxygen supply and / 
or umbilical cord compression. Recovery of the compromised fetus may buy time while 
preparations are made for emergency delivery or labour may be allowed to progress if the 
fetal heart rate pattern improves after tocolysis. Most tocolytics used for acute tocolysis in 
term labour are also used for preterm labour. The evidence available on reducing uterine 
contractions in term labour suggest that β-adrenergic-receptor agonists are the most 
potent tocolytics1, 2 However, the use of a β-adrenergic-receptor agonist is associated 
with maternal and fetal cardiovascular side effects, such as tachycardia and changes 
in blood pressure.3-7 The use of nitroglycerin or magnesium sulfate as tocolytic agents 
in term labour is controversial because of maternal side effects or insufficient tocolytic 
properties.7, 8 And there is insufficient evidence on efficacy of other tocolytic agents used 
in preterm labour, like calcium-channel blockers and cyclo-oxygenase inhibitors. 
The oxytocin receptor antagonist atosiban has a high specificity for the uterus with 
limited or no systemic effects. Compared to ritodrine, atosiban has been shown to be 
equally effective in  postponing delivery in preterm labour, but with fewer maternal side 
effects.9, 10 Atosiban could therefore be an attractive alternative for use as a tocolytic in 
term labour. Recent pilot studies suggest tocolytic activity of a bolus atosiban in acute 
tocolysis. 11, 12 We studied in a prospective randomized design the effects of atosiban 
compared to ritodrine in term active labour.

Methods

The study protocol was approved by the local medical ethical committee. At the time 
the protocol was designed, no studies on atosiban bolus in term labour were available. 
We performed a sample size calculation based on the known effects of a bolus ritodrine 
on maternal heart rate (MHR). To detect an increase of 10 bpm in MHR, 22 women 
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were required in either group (α=0.01; β=0.05). However, considering the difficult 
circumstances of the study (discussed below), 140 women in term labour requiring 
acute tocolysis or intra-uterine resuscitation were randomized for treatment with either 
atosiban i.v. (n=70) or ritodrine i.v. (n=70). Women were included between October 2003 
and September 2005. Inclusion criteria were gestational age ≥ 37 weeks and active 
labour. Exclusion criteria were obstetrical contra-indications for treatment with a tocolytic 
drug in general e.g. severe blood loss or uterine rupture. There were three indications 
for acute tocolysis: (1) fetal distress followed by continuation of labour; (2) fetal distress 
followed by emergency Caesarean section (CS); and (3) arrest of contractions in women 
waiting for a secondary CS in the absence of fetal distress. After the clinical decision 
whether or not to treat with a tocolytic drug was made by the attending obstetrician in 
the delivery rooms, women were randomized for treatment with either atosiban 6.75 
mg (Tractocile®, Ferring Pharmaceuticals A/S, Copenhagen, Denmark) diluted in 4.9 ml 
saline administered intravenously over a 1 minute period or ritodrine 10 mg (Pre-par 
®, Solvay-Pharmaceuticals S.A., Brussels, Belgium) diluted in 9 ml saline administered 
intravenously over a 1 minute period. The computer-generated randomization list was 
placed in the pharmacology cabinet, available for the obstetrical nurse and concealed 
for the attending obstetrician. After the decision to treat, the obstetrical nurse allocated 
the women to the next available number on the list. Treatment was not blinded for the 
attending obstetrician. The principal investigator, analyzing all data, was blinded to 
randomization by means of a code for each inclusion. These codes were used by the 
obstetrical staff in patient files and data collection forms instead of the names of the 
tocolytic agents. 
In all patients (subgroup 1, 2 and 3) maternal blood pressure (MBP) and MHR were 
measured immediately before and after tocolytic bolus administration. MBP was 
measured by mercury sphygmomanometry using a binaural stethoscope with systolic 
blood pressure (BP) at Korotkoff phase 1 and diastolic BP at Korotkoff phase 5. MHR 
was determined manually by counting pulsations of the radial artery. In subgroups 2 
and 3, after arrival in the operating theatre, MBP and MHR were recorded continuously 
using a HP M1094B anesthesia monitor (Philips Medical, The Netherlands). Changes in 
MHR and MBP during CS were analyzed in 10 minute intervals (t=0: arrival in operating 
theatre). 
In all patients, fetal heart rate (FHR) was recorded continuously with either a Hewlett 
Packard 8040-A cardiotocograph (Boeblingen, Germany) or a STAN S21 fetal heart 
rate monitor (Neoventa Medical, Gothenburg, Sweden). To analyze the effects of both 
tocolytics on FHR, basal FHR was calculated in six 10 minute episodes before (-40 to -10 
minutes) and after (10 to 40 minutes) bolus administration. The intervals immediately 
before and after tocolytic administration were left out of analyses, since these tracings 
consisted mainly of severe variable decelerations and / or fetal bradycardia. 
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In 58 patients (ritodrine n=29, atosiban n=29) intra-uterine pressure was recorded for 
at least 20 minutes both before and after tocolytic administration using a sensor-tip 
pressure catheter connected to a Hewlett Packard 8040A cardiotocograph (Boeblingen, 
Germany) or a STAN S21 fetal heart rate monitor (Neoventa Medica, Gothenburg, 
Sweden). The pressure catheter (type M1333A Philips, The Netherlands) was inserted 
into the uterus through the applicator and calibrated on atmospheric pressure before 
use. The tocographic data were sampled for uterine pressure at 2 Hz. The raw signals 
were stored on a network server with the MOSOS centralized monitoring system (BMA 
Company, The Netherlands). In order to analyze the tocographic data a specially designed 
software program was developed (P.H.J. Kurver). This program detects contractions as 
changes in the uterine pressure curve using predefined algorithms, and distinguishes 
between artefacts and real contractions. The raw signal (uterine pressure curve) passes 
a digital band-pass filter. Next, the uterine contraction curve was analyzed using a level 
crossing technique in the first derivative. On the basis of this contraction detection 
program the following parameters for each separate contraction were evaluated: basal 
pressure, contraction duration and intensity, relaxation time and contraction surface. 
Intra-uterine pressure data are presented in Montevideo units (MU) calculated as the 
sum of peak intensities of contractions occurring in 10 minute intervals. Intensity was 
defined as the maximum pressure in mmHg of an individual contraction, i.e. peak 
pressure minus the basal pressure. Using the software, the MU were calculated for each 
separate contraction with regard to the preceding 10 minute interval. 
The primary endpoints of the study were the effects on maternal cardiovascular 
parameters, MHR and MBP. Secondary endpoints were the effects of tocolysis on basal 
FHR, fetal outcome and uterine contractions. Fetal outcome parameters were 5’- Apgar 
score and umbilical arterial pH.
The normally distributed numerical data were analyzed by student T tests for (un)
related samples. The data not normally distributed were tested with the Mann Whitney 
U test in case of unrelated samples or the Wilcoxon Rank test in case of related samples. 
Categorical measures were compared using the Chi-square test or the Fisher exact test 
when appropriate. The basal FHR data and effects of either tocolytic on intra-uterine 
pressure were analyzed before and after bolus administration (t=0) with repeated 
measures ANOVA followed by Bonferroni post hoc tests. The software used for analysis 
was the Statistical Package for Social Sciences version 12.01. P values <0.05 were 
considered to indicate statistical significance. 
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Figure 1 The study flowchart.
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Results   

Baseline characteristics did not differ between the study groups (Table 1). In all three 
indication subgroups, measurements of MHR and MBP both before and after bolus 
administration were recorded in 58 (41%) women, similarly distributed over the two 
tocolytic groups (Table 2). MHR and MBP before the bolus did not differ statistically 
between both study groups. Women in the ritodrine group showed a significant rise 
in MHR after bolus administration (P<0.001). MHR remained unaltered in the atosiban 
group (P=0.31). No significant changes occurred in systolic and diastolic BP in either 
group. A total of 61 women were treated with a tocolytic followed by CS (ritodrine n=27; 
atosiban n=34). Maternal characteristics and neonatal outcome are presented in Table 3. 

Ritodrine (n=70) Atosiban (n=70) p

Age (years) 32.2 ± 4.6 32.7 ± 4.7 0.59

Gestational age (weeks) 39.5 ± 1.9 39.4 ± 2.5 0.68

Cervical dilatation (cm) 6.7 ± 2.8 6.7 ± 3.0 0.87

Nulliparity (n;%) 41 (67.2) 38 (60.3) 0.73

Oxytocin augmentation (n;%) 35 (50.0) 40 (57.1) 0.50

Birth weight (g) 3288 ± 576 3306 ± 708 0.87

Indication for tocolytic bolus administration

  1 fetal distress, continuation of labour (n;%) 43 (61.4) 36 (51.4)

  2 fetal distress, emergency CS (n;%) 11 (15.7) 12 (17.1) 0.45

  3 no fetal distress, secondary CS (n;%) 16 (22.9) 22 (31.5)

Table 1  Baseline characteristics of the study groups. Data are presented as mean ± SD or as number and 
proportion (%).

Ritodrine (n=31) Atosiban (n=27)

Bolus administration Before                       After p Before After p

Heart rate   (bpm)                   83.6  (10.1) 113.1 (36.6) <0.01 76.3 (11.2) 80 (23.9) 0.31

Systolic BP   (mm Hg)               130.3 (15.9) 127.2  (37.8) 0.36 130.4 (17.2) 125.1 (32.5) 0.57

Diastolic BP (mm Hg)               78.9 (11.2) 74.1  (30.3) 0.12 76.3 (13.6) 79.9 (21.1) 0.43

Table 2  The effects of tocolysis on maternal blood pressure and heart rate. Data are presented as mean ± SD.
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On arrival in the operating theatre, MHR in the ritodrine group (124.3±19.3 bpm) differed 
significantly from that in the atosiban group (92.0±18.1 bpm; P<0.001), but systolic BP 
(133.3±23.4 vs. 136.1±14.7; P=0.63) and diastolic BP (67.3±16.7 vs. 69.2±15.1; P=0.68) did 
not differ. MHR decreased significantly during CS  from 124 to 96 bpm after 50 minutes 
in the ritodrine group (F=11.3; P<0.001), and remained unaltered in the atosiban group 
(F=1.47; P=0.24). Analyses revealed no significant trends in MBP during CS. In addition, 
changes in MBP 5 or 10 minutes after spinal analgesia, or ephedrine administration did 
not differ statistically between the two tocolytics.  
Basal FHR was analyzed in 65 patients (atosiban n=30; ritodrine n=35). The results are 
shown in Figure 2 as means (±SEM). Repeated measures ANOVA showed a significant 
main time effect in the ritodrine group (F[3,28]=11.6; P<0.001), but not in the atosiban 
group (F[3,23]=1.6; P=0.21). Compared to baseline (-40 to -10 minutes before bolus) FHR 
rose a maximum of 11.6 bpm (8.5%) at 10-20 minutes after bolus in the ritodrine group 
(P<0.001) in contrast to a rise of 4.9 bpm (4.8%) in the atosiban group (P=0.27). 

Ritodrine (n=27) Atosiban (n=34) p

    Bolus – start CS time interval (min.) 24 ± 31 23 ± 19 0.55

    Blood loss (cc) 429 ± 302 525 ± 352 0.26

    Blood loss > 1000 cc (n.) 1 4 0.37

    Bolus-birth interval (min.) 52 ± 46 50 ± 21 0.83

    Umbilical cord arterial pH 7.18 ± 0.06 7.20 ± 0.06 0.66

    Apgar score < 8 (n.) 2 1 0.58

Table 3  Maternal characteristics and neonatal outcome in patients with a bolus administration followed by 
CS (indication subgroups 2 and 3). Data are presented as mean ± SD. 

Figure 2 Basal FHR in six 10-minute episodes before and after tocolytic bolus administration (indicated by 
the arrow). The closed triangles represent ritodrine and the open triangles represent the atosiban study 
group. Data are presented as means ± SEM.
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The effects of both tocolytics on intra-uterine pressure are shown in Figure 3A. 
Compared to baseline (-10 to 0 minutes before bolus administration), uterine pressure 
was reduced by a maximum of 55% (P<0.001) after ritodrine administration, compared 
to a maximal reduction of 54% (P<0.001) after atosiban administration. The effects 
of both tocolytics on uterine contractions did not differ between the two treatment 
groups (F=3.46, P=0.07). Further analyses showed oxytocin infusion to be a confounding 
factor. In women with oxytocin augmentation (ritodrine n=21, atosiban n=22), oxytocin 
infusion was stopped before tocolytic bolus administration. This occurred at 3.3±2.7 
minutes and 6.7±8.0 minutes before bolus administration in the ritodrine group and 
atosiban group, respectively (P=0.50). The mean dosage of oxytocin, immediately before 
discontinuation of infusion, was 6.9±4.2 mE/min in the ritodrine group and 7.1±5.5 
mE/min in the atosiban group (P=0.90). The effects of both tocolytics on intra-uterine 
pressure in women with oxytocin augmentation are shown in Figure 3B. Uterine 
pressure was reduced by a maximum of 55% (P<0.001) in the ritodrine group and 63% 
(P<0.001) in the atosiban group. The tocolytic effects did not differ statistically between 
the two treatment groups (F=2.79, P=0.10). The effects of both tocolytics in women with 
spontaneous labour, but without oxytocin augmentation, are shown in Figure 3C. In 
women treated with ritodrine (n=8), uterine pressure was reduced by a maximum of 51% 
(F=14.10; P=0.03). In women treated with atosiban (n=7), repeated measures ANOVA 
showed no significant reduction in uterine pressure over time (F=1.7; P=0.53). Overall, 
the lowest uterine pressure was recorded 25-35 minutes after bolus administration in 
both tocolytic groups. 
The definition of successful tocolysis, i.e. defining the amount of reduction in uterine 
pressure necessary for alleviating the influence of the contractions on the fetoplacental 
unit, is difficult. In order to circumvent a definition, we created categories of uterine 
pressure reduction shown in Table 4. Independent of cut off levels used to define 
reduction in uterine pressure, we found no significant differences between the tocolytics 
(P=0.85). In both tocolytic groups 3 women showed no reduction in uterine pressure.  
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Figure 3 A The effects of tocolytics ritodrine (n=29) and atosiban (n=29) on intra-uterine pressure. Bolus ad-
ministration is indicated by the arrow. B The effects of ritodrine (n=21) and atosiban (n=22) in women with 
oxytocin augmented labour. C The effects of ritodrine (n=8) and atosiban (n=7) in women with spontaneous 
labour. All data presented as medians ± IQR.

Ritodrine Atosiban

A

B

C
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Discussion

This study shows for the first time in a large population the maternal and fetal effects 
of the tocolytics atosiban and ritodrine when used in acute tocolysis in term labour. 
Atosiban had no significant effects on MBP, MHR and FHR. Ritodrine showed effects on 
MHR and FHR, but not on blood pressure. 
Investigating the effects of acute tocolytics, given in labour at term and mostly 
in case of fetal distress, provided some practical problems. A double blind study 
design was rejected because of the beta- sympathicomimetic effects of ritodrine and 
the accompanying very rare but serious potential side effects, such as myocardial 
ischemia and lung oedema. Furthermore, because of the acute obstetric situation, it 
was sometimes difficult to perform all measurements for the trial on schedule. These 
difficulties caused a rather large drop-out rate in some of the subgroups analyzed, which 
appeared unavoidable given the generally acute obstetrical situations and interventions 
indicated. Although baseline characteristics of the total study population, as well as 
those of the subgroups analyzed, did not differ between both tocolytics, in some of the 
subgroups preservation of the randomization process cannot be guaranteed. However, 
as discussed below, our findings are in accordance with earlier studies and known 
properties of both tocolytics.
Side effects of ritodrine and other sympathicomimetics are well established in preterm 
labour.13-15 Studies presenting data on side effects after a single bolus injection in term 
labour are limited. Sheybany et al. treated 24 women with fetal distress.6 After a 6 
mg ritodrine bolus, 10 out of 16 CTG tracings showed fetal tachycardia and maternal 
heart rate rose 15±11 beats/min. Shekarloo et al. administered terbutaline 0.25 mg 
intravenously in 36 women and also found a significant rise in maternal and fetal heart 
rate.4 The ritodrine effects presented in this study are in accordance with those results 
and cannot be attributed to the higher dosage of ritodrine used in the present study. 
This dosage was chosen mainly to produce a potent tocolytic effect for comparison with 

Reduction in 
uterine pressure (%)

Ritodrine (n=29)
oxytocin+           oxytocin-

Atosiban (n=29)
oxytocin+           oxytocin- p

    < 0 2 1 1 2 1.00

   0  – 25 3 1 1 1 0.56

  25 – 50 5 2 5 2 1.00

  50 – 100 11 4 15 2 0.28

Table 4  Patients presented in categories of uterine activity reduction, with or without oxytocin augmented 
labour. For each category chi square analysis was performed.
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atosiban. Ritodrine rapidly crosses the placenta explaining the direct effects on fetal 
heart rate.16 However, earlier studies focusing on the effects of tocolytic administration on 
fetal pH in case of distress, showed no adverse effects of β-adrenergic-receptor agonists 
on fetal and neonatal outcome.17, 18 We also found no differences in Apgar score, and 
umbilical arterial pH between the tocolytic study groups. Atosiban has a high specificity 
for the uterus, with only few maternal side effects reported in the preterm labour trials.9, 

10 As expected, our results showed no adverse effects of atosiban on maternal and fetal 
cardiovascular parameters. Possible effects of atosiban on oxytocin or vasopressin 
receptors in the fetus are very unlikely, considering the minimal placental passage of 
atosiban in humans.19, 20   
This study presents unique data concerning the effects of the tocolytics ritodrine and 
atosiban on uterine pressure in term labour. However, due to the large drop-out rate 
and the higher likelihood of a type 2 statistical error the results have to be interpreted 
with caution. In either group, 3 women showed no reduction in uterine pressure (<0%). 
In other words, 26 out of women 29 women responded on tocolytic administration in 
either group. Regarding the tocolytic effects of atosiban, this success rate is in accordance 
with two smaller studies published recently.11, 12 Lurie et al. claimed alleviation of uterine 
hyperactivity in 14 out of 15 women after atosiban administration in a pilot study and 
Afschar et al. showed effective tocolysis in 12 out of 13 women receiving an atosiban 
bolus and in all women receiving a hexoprenaline bolus. Unfortunately, in both studies 
the authors failed to define tocolysis and alleviation of uterine hyperactivity and 
quantitative measures of uterine activity are not given. Interpretation and comparison 
of these results remains therefore difficult. 
In women with spontaneous labour after atosiban administration, we found no 
significant reduction in uterine pressure. However, the women with no or only mild 
effects of the tocolytics consisted both of women in spontaneous labour as of women 
with oxytocin augmented labour (Table 4). Also in the women studied by Lurie et al. and 
Afschar et al. both these characteristics were present. 11, 12 Whether the lack of significant 
reduction is due to insufficient tocolytic action of atosiban or due to the small number 
of women in this subgroup, and thus merely the lack of statistical power, is unclear.
The precise role of oxytocin and the oxytocin receptor in human labour remains a 
controversial and unresolved issue. The oxytocin receptor increases at term acting 
directly on the myometrium and indirectly via prostaglandin formation in other 
tissues, both resulting in uterine contractions.21, 22 Atosiban acts by competing with 
oxytocin for the oxytocin receptor in a dose-dependent manner.23, 24 There is only 
little evidence available on the effects of atosiban in human term labour. Whether 
the dosage of atosiban used in the bolus administered in this and earlier studies 
accomplish a maximal blocking effect in a term uterus when in active labour is unknown.  



111

A prospective randomized trial of acute tocolysis in term labour with atosiban or ritodrine

Women with oxytocin augmented labour may be more susceptible to tocolysis via 
oxytocin receptor blockage. 
Another interesting question regarding the role of oxytocin is the contribution 
of discontinuation of oxytocin infusion on the reduction of uterine contractions. 
Ingemarsson et al. studied the effects of the beta-sympathicomimetic terbutaline in term 
labour.25 Women with or without oxytocin infusion were treated with a single injection 
of terbutaline resulting in rapid and potent reduction of uterine pressure. As a control, in 
10 women oxytocin infusion was stopped without tocolytic administration. This resulted 
in a gradual decline of uterine activity: 22% within the first 15 minutes compared to 
baseline and 50% after 45 minutes. These results suggest that a rapid potent tocolysis 
is not achieved by merely stopping oxytocin infusion. 

Conclusion

Considering the maternal effects, our results suggest a possible role for atosiban bolus 
in acute tocolysis in term labour. Whether the β-adrenergic-receptor agonist side effects 
of a ritodrine bolus should be considered as limiting for use in acute tocolysis is the key 
question. Women with a history of cardiac problems should definitely not be treated 
with a β-adrenergic-receptor agonist tocolytic. The tocolytic potency of a single bolus 
of atosiban for tocolysis in term labour, especially for spontaneous contractions, needs 
further research.   
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Spontaneous preterm birth is pathophysiologically a heterogeneous syndrome.1 The 
cascade of events that eventually culminate in spontaneous preterm birth has several 
possible underlying pathways. Possible pathways include excessive myometrial and fetal 
membrane overdistention, decidual haemorrhage, precocious fetal endocrine activation, 
and intra-uterine infection or inflammation.1-3 Because the contracting uterus is the 
most frequently recognized antecedent of preterm birth, inhibiting labour has been 
the focus of many therapeutic approaches. Postponing delivery for 48 hours in order to 
allow maximal effect of maternal parenteral steroid administration and transportation of 
the mother to a centre with neonatal intensive care unit (NICU) facilities are the primary 
indications for treatment of women with  threatening preterm delivery.4 Drugs registered 
as a tocolytic are restricted to the β-adrenergic-receptor agonist ritodrine (USA and 
Europe) and the oxytocin receptor antagonist atosiban (Europe).5 Literature does not 
support the efficiency of magnesium sulfate and most authors call for discontinuation 
of the use of magnesium sulphate as a labour-inhibiting agent, which leaves only 
cyclo-oxygenase inhibitors and calcium channel blockers as off-license alternatives. 6-8 
The choice of first-line tocolytic drugs for the treatment of preterm labour is subject 
of controversy because of the inconclusive information regarding the relative safety of 
various tocolytic agents. Moreover, many studies on the efficacy and safety of tocolytic 
agents have major design flaws or the results cannot be generalized. For example most 
randomized trials on the efficiency and side effects of tocolytic drugs have generally been 
restricted to well-defined (low risk) populations. With respect to maternal safety, there is 
no prospective study comparing maternal adverse reactions to different tocolytic drugs 
in a normal clinical setting. In addition, information is lacking on the possible effects of 
atosiban and nifedipine (combined with betamethasone) on the fetal biophysical profile. 
The aim of this thesis was to study the maternal and fetal side effects of tocolytic drugs 
in case of (pre)term labour. In the next paragraph tocolytic effectivity is summarized, 
followed by a discussion and summary of the chapters from this thesis, subdivided in 
fetal and maternal effects.   

Tocolytic effectivity

In a recent meta-analysis, Anotayanonth et al. analyzed eleven randomized controlled 
trials involving 1320 women in preterm labour that compared β-adrenergic-receptor 
agonists with placebo.9 Among women treated with the β-adrenergic-receptor agonists 
fewer gave birth within 48 hours (RR 0.63; 95% [CI]0.53 to 0.75). Despite this tocolytic 
efficiency, the use of β-adrenergic-receptor agonists as first-line tocolytic agents has 
decreased due to the high incidence of maternal adverse effects.10 Alternative tocolytic 
drugs have been studied. In a recent meta-analysis comparing cyclo-oxygenase (COX) 
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inhibitors with placebo, COX inhibition (indomethacin only) resulted in a reduction in 
births before 37 weeks of gestation in one trial involving 36 women and in an increase 
in gestational age and birthweight in two trials involving 67 women. Compared with 
other tocolytic drugs, COX inhibition resulted in a reduction of births before 37 weeks 
of gestation.7 Calcium channel blockers (CCB), registered as anti-hypertensive drugs, are 
also used extensively for treatment of premature labour. In a Cochrane meta-analysis by 
King et al. CCB were compared with mainly β-adrenergic-receptor agonists. CCB reduced 
the number of women giving birth within 7 days after receiving treatment (RR 0.76; 
95% [CI] 0.6 to 0.97) and before 34 weeks of gestation (RR 0.83; 95% [CI] 0.69 to 0.99).11 
The tocolytic efficiency of the oxytocin antagonist atosiban was established in six large 
randomized controlled double-blinded trials.12-17 Meta-analysis of these trials showed 
a small but significant increase in the proportion of women undelivered by 48 hours in 
women receiving atosiban compared to placebo (RR 1.13; 95% [CI] 1.02 to 1.26).18 When 
compared with β-adrenergic-receptor agonists no significant difference in tocolytic 
effectivity was found (RR 1.07; 95% [CI] 0.98 to 1.17). Large randomized controlled trials 
comparing atosiban and nifedipine directly are lacking. Coomarasamy and co-workers 
published an indirect comparison of atosiban and nifedipine.19 The authors used an 
indirect comparison method to analyse randomized controlled trials of nifedipine and 
atosiban, with β-adrenergic-receptor agonists as common comparator, with preservation 
of the randomization process. The analysis showed no significant differences in the 
efficiency of delaying delivery between nifedipine and atosiban.

Tocolytics are also used in term labour, for example to facilitate external cephalic 
version or to prevent traumatic delivery during Caesarean section (CS). An important 
clinical problem that might potentially be alleviated by rapid uterine relaxation is a 
non-reassuring intrapartum fetal heart rate pattern at term. In chapter 7 we reviewed 
the efficiency of the different types of tocolytic drugs in reducing uterine pressure and 
contractions in term labour. The available evidence supports the use of beta-adrenergic-
receptor agonists such as terbutaline or ritodrine; they appear to have an immediate and 
comparable profound effect on uterine activity in term labour. However, the preferred  
type of beta-adrenergic-receptor agonist and dosage are unclear.
The oxytocin receptor antagonist atosiban has a high specificity for the uterus with 
limited or no systemic effects and could therefore be an attractive alternative for use 
in term labour. 
Therefore, we studied in chapter 8 in a prospective randomized design the effects of 
atosiban compared to ritodrine in term active labour. Secondary endpoint was the effect 
on uterine pressure.  Women in term labour were randomized to either atosiban 6.75 mg 
(n=70) or ritodrine 10 mg (n=70). In 58 patients (ritodrine n=29, atosiban n=29) intra-
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uterine pressure was recorded for at least 20 minutes both before and after tocolytic 
administration using a sensor-tip pressure catheter. Compared to baseline, uterine 
pressure was significantly reduced by a maximum of 55% after ritodrine administration 
and 54% after atosiban administration. In both groups, 26 out of the 29 women with 
adequate uterine activity data responded to tocolytic administration. The most profound 
reduction in uterine activity occurred in the women undergoing oxytocin augmentation, 
whereas the effect of atosiban on uterine pressure in women in spontaneous labour 
was mild and not significant. A small pilot study by Lurie et al. claimed alleviation of 
uterine hyperactivity in 14 out of 15 women after atosiban administration20 and Afschar 
et al. showed effective tocolysis in 12 out of 13 women receiving an atosiban bolus.21 
The evidence on the tocolytic potency of a single bolus of atosiban for tocolysis in term 
labour is, therefore, encouraging but needs further research.

Fetal effects

The fetal effects of the various tocolytic drugs are reviewed in chapter 2. Nifedipine easily 
crosses the placenta with a ratio of 0.93 between umbilical cord blood and maternal 
serum concentrations.22, 23 Some animal studies have reported changes in uterine blood 
flow and occurrence of fetal acidosis after CCB administration.24-27 However, most studies 
in humans have shown no decrease in uterine blood flow or occurrence of fetal distress 
after nifedipine administration.28-32 The tocolytic trials comparing nifedipine with mainly 
β-adrenergic-receptor agonists have found no signs of fetal distress during tocolytic 
treatment and neonatal outcome was favourable.11

Atosiban crosses the placenta in an average fetal vs. maternal ratio of 0.124.33 It does not 
significantly alter maternal or fetal cardiovascular parameters when it is administered 
to late pregnant sheep and in chronically instrumented baboons in third trimester 
pregnancy, atosiban infusion did not alter fetal oxygenation. 34, 35 However, whether 
atosiban or nifedipine have direct effects on the human fetal biophysical profile is not 
clear. Therefore, we designed a prospective randomized study comparing atosiban with 
nifedipine combined with a course of betamethasone. Obviously it would have been 
better to study  fetal effects of both tocolytics without having to take into account the 
effects of simultaneously given corticosteroids, but we did not consider this ethically 
justified. The effects of betamethasone alone on the fetal biophysical profile have been 
published in earlier reports:36, 37 Two days after the first dose of betamethasone there is a 
transient but considerable reduction in fetal heart rate (FHR) variation and in breathing 
and body movements, with a return to normal values two days later. In the second half 
of pregnancy, FHR and its variation, and body and breathing movements show a diurnal 
rhythm with a rise in the afternoon and the evening compared to morning hours.38-41 
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Koenen et al. have studied the effects of betamethasone on diurnal rhythms of fetal 
variables two days after the first dose of betamethasone and found reductions in FHR 
variation and movements during the afternoon and evening, but not in the morning.42 
This suggests a betamethasone-induced suppression of the normal fetal diurnal rhythm. 
However, the observations were confined to only one day during betamethasone 
treatment. We hypothesized that in morning hours no reductions in fetal movement 
and FHR variation should occur after betamethasone administration. Therefore, we 
longitudinally studied the effects of betamethasone on FHR variation, breathing and 
body movements in the morning, during each of 5 successive days starting before 
the first betamethasone injection. The results are presented in chapter 5. We found 
no reduction in morning values of FHR variation on day 2 and 3 and time courses of 
fetal body and breathing movements during the morning were also not affected by 
betamethasone administration. We suggest that for longitudinal fetal monitoring of 
trends in FHR variation and movements in high-risk pregnancies morning recordings 
should be used in the period around glucocorticoid administration as opposed to 
afternoon recordings.
This method was also used in a prospective randomized study comparing fetal side 
effects of atosiban with nifedipine, in a setting combined with the administration of a 
course of betamethasone. Chapter 6 describes the results of this study. Women (n=40) 
in preterm labour were randomized for treatment with either atosiban or nifedipine. 
Primary outcome measures were the effects of both tocolytics on FHR and its variation. 
Secondary endpoints were the effects on fetal movements (general movements (GM) 
and breathing movements (BR)) and blood flow parameters (umbilical artery (UA) and 
middle cerebral artery (MCA)). Four women received escape tocolysis within the first 
24 hours, four women showed a rapid progress of labour and delivered at the same day 
and one woman withdrew her consent. Because of an increasing number of women 
who delivered in the study period, the number of patients decreased steadily. There 
were 31 patients (atosiban n=17; nifedipine n=14) on day 0, 29 patients on days 1 and 
2 (89%), 27 patients on day 3 (87%), and 24 patients on day 4 (77%). Analysis showed 
no significant effect of either tocolytic on FHR, fetal movement parameters and fetal 
Doppler flow parameters over the 5-day study period. Thus, no adverse effects of either 
atosiban or nifedipine on FHR, fetal movement and fetal blood flow, were found apart 
from the changes known to be caused by corticosteroids.
Beta-adrenergic agonists rapidly cross the placenta and common effects on the fetus 
include fetal tachycardia, increased cardiac output and redistribution of fetal blood 
flow. In term labour the use of a bolus of a beta-adrenergic-receptor agonist such as 
terbutaline or ritodrine also induces fetal tachycardia. We examined the effects of a 
bolus atosiban and ritodrine on fetal heart rate (chapter 8). FHR rose a maximum of 
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11.6 bpm at 10-20 minutes after ritodrine bolus (p < 0.001) administration in contrast 
to a rise of 4.9 bpm in the atosiban group (p=0.27). FHR patterns recovered to baseline 
values in all patients after a short period. Neonatal outcome did not differ between the 
two treatment groups.  

Maternal  side effects

The use of β-adrenergic-receptor agonists as first-line tocolytic agents has decreased 
due to the high incidence of maternal adverse effects.10, 43 This justifies the use of 
alternative (and sometimes off-label) tocolytic drugs also since there is no evidence 
that β-adrenergic-receptor agonists are more effective than atosiban, nifedipine or COX 
inhibitors as described before.7, 11 
In chapter 2 the maternal side effects of tocolytic drugs are reviewed. In comparison 
with β-adrenergic-receptor agonists, less maternal side effects are observed when 
atosiban and nifedipine are administered.8, 12, 13, 44 Most commonly reported side effects 
of atosiban in these studies were headache, vomiting and nausea, occurring in about 
10% of the patients. However, when nifedipine is administered, most common side 
effects due to the vascular and cardiac effects of this drug are hypotension, tachycardia, 
flushes, headache, increased liver enzymes, nausea and dizziness.45, 46 Unfortunately, 
randomized studies on efficiency and adverse events of tocolytic drugs have generally 
been restricted to well-defined (low risk) populations, excluding multiple gestations, 
PPROM, vaginal blood loss, maternal diabetes, or a history of cardiovascular disease. 
It is, therefore, difficult to translate these results to the general population of women 
with preterm labour. In recent years, several serious adverse drug reactions (ADR) 
have been published of women treated with CCB.47-57 Analysis of these case reports is 
hampered by the fact that it is uncertain whether these serious ADR were solely due to 
CCB administration and/or to other co-medication. Moreover, these cases provide no 
indication as to the incidence of these side-effects. 

To study the incidence of serious maternal ADR with the use of the various tocolytic 
drugs for the treatment of preterm labour, we performed a prospective cohort study 
in the Netherlands and Belgium in a normal clinical setting. In chapter 3 the results are 
presented. The participating hospitals registered during one year, between January 2006 
and July 2007, consecutive women who were treated with tocolytic drugs for preterm 
labour. In this  period, 1920 women were treated with tocolytic drugs. In 38 patients the 
tocolytic therapy was stopped because of an adverse event. After assessment of the cases 
by a panel, seven cases were rejected that did not fulfil the study definition of an adverse 
event and in three cases causality was assessed as unlikely; 14 cases were categorized 
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as serious ADRs and 14 as mild ADR. Serious ADR consisted of severe dyspnoea (n=6), 
hypotension (n=4), lung oedema (n=2), hypoxia (n=1) and cardiac failure (n=1). The 
overall incidence of serious ADR was relatively low (0.7%). In 1327 women treated with 
a single tocolytic drug the incidence of serious ADR was 1.7% for betamimetic drugs and 
0.9% for nifedipine; no serious ADR were registered with the use of a single course of 
atosiban. The number needed to harm (serious ADR) with β-adrenergic-receptor agonists 
was 59 (95%CI lower limit 35) and 108 with nifedipine, (95%CI lower limit 56); single 
courses of atosiban treatment were used as the reference category Combined courses, 
i.e. when a patient was treated with multiple tocolytic drugs at the same time, were 
administered to 16.2 % of all patients and the incidence of severe ADR was high (1.6%). 
We registered the use of tocolytics in 414 women with a multiple gestation, four of which 
had a serious ADR (RR 1.5; 95% CI 0.39 to 5.0 as compared to singleton women). Two of 
these women (2.0%) were treated with a single course of nifedipine (N = 101) and two 
(2.4%) were treated with combined courses (N = 84). Other patient characteristics such 
as preterm rupture of membranes (PPROM), blood loss or other obstetric co-morbidity 
revealed no differences in occurrence of ADR. The use of β-adrenergic-receptor agonists 
or multiple tocolytics for preventing preterm birth is associated with a high incidence of 
serious ADRs. Atosiban was the only drug not associated with maternal ADR. The overall 
incidence of serious ADR with the use of a single course nifedipine was relatively low in 
singleton pregnancies, but serious ADR do occur with this medication. All serious ADR 
are described comprehensively in chapter 4.

In chapter 8 we studied the effects of a ritodrine 10 mg bolus and an atosiban 6.75 mg 
bolus in term labour. The primary endpoints of the study were the effects on maternal 
cardiovascular parameters, maternal heart rate (MHR) and maternal blood pressure 
(MBP). Women treated with ritodrine (n=31) showed a significant rise in MHR (83 to 
113 bpm) after the bolus administration (P<0.001). MHR remained unaltered in women 
treated with atosiban and no significant changes occurred in systolic and diastolic BP in 
either group. On arrival at the operating theatre, MHR was higher compared to women 
treated with ritodrine (n=27) from women treated with atosiban (n=34; 124 versus 92 
bpm; P<0.001). In conclusion, atosiban had no significant effects on MBP and MHR. 
Ritodrine showed significant effects on MHR, but not on MBP. 

Conclusions and clinical implications

The ideal tocolytic should be effective in postponing preterm delivery without maternal 
and fetal side effects at low costs. All tocolytics described in this PhD do not fulfil all 
these criteria. Overall, tocolytic drugs used for inhibition of acute preterm labour 
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have not shown to be very effective, especially not in reducing neonatal morbidity. 
β-adrenergic-receptor agonists and atosiban have superiority in reducing preterm 
delivery compared to placebo but no reduction in neonatal morbidity has been found. 
Available data suggests that indomethacin reduces preterm delivery when compared to 
placebo, but the volume of evidence does not allow firm conclusions about efficiency 
and neonatal safety of this drug. Studies comparing calcium antagonists with placebo 
are not available. Cochrane meta-analyses suggest superiority of nifedipine compared to 
β-adrenergic-receptor agonists regarding reduction of neonatal respiratory syndrome.8 
However, these improvements in outcome have only been found in one randomized 
controlled trial and may have driven the results of the meta-analysis.44 Since large well 
designed trials comparing atosiban and nifedipine are lacking, a scientifically based 
choice of the best tocolytic drug in terms of efficiency can not be made. In term labour, 
most evidence supports the use β-adrenergic-receptor agonists. But in this PhD we 
have demonstrated the tocolytic potency of a single bolus of atosiban for tocolysis in 
such circumstances.
The direct fetal effects of tocolytics were another subject of study in this thesis. We 
found no adverse effects of either atosiban or nifedipine on FHR, fetal movement and 
fetal blood flow, apart from the changes known to be caused by corticosteroids. These 
betamethasone induced effects on the fetal biophysical profile can be circumvented 
by using morning recordings for longitudinal fetal monitoring of trends in FHR 
variation and movements in the period around glucocorticoid administration. Only 
β-adrenergic-receptor agonists appear to have substantial fetal side effects. Bolus 
ritodrine administration in term labour causes transient fetal tachycardia with no 
apparent neonatal consequences. But fetal tachycardia with the use of β-adrenergic-
receptor agonists in preterm labour could temporarily mask the development of intra-
uterine infection or asphyxia.
Maternal safety has been an important topic in recent discussions. The overall incidence 
of serious maternal ADR shown in this thesis with the use of the various tocolytic drugs 
for the treatment of acute preterm labour in a normal clinical setting was low. The use 
of combined tocolytics or a single course of β-adrenergic-receptor agonists led to the 
highest incidence of serious ADR and such treatments should be discouraged. The 
overall incidence of serious ADR with the use of a single course nifedipine in single 
gestation appears to be low, but not absent. The highest incidence of ADR may well 
occur in twin pregnancies (2%), although not significant in our study. The result most 
likely is influenced by lack of power. Atosiban has the best maternal and fetal safety 
profile but its cost are higher. In a world without financial restrictions atosiban can be 
considered as the drug of first choice. In real life, realizing off-label use, oral route of 
administration, low costs are efficiency of nifedipine it can be difficult to weigh this 
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against the more favourable maternal safety profile of atosiban but at the expense of 
higher costs. A direct comparison between oxytocin antagonists and calcium channel 
blockers in terms of tocolytic efficiency may help in decision making. Moreover, larger 
studies with different nifedipine dose regimens are necessary to compare efficiency 
and maternal side effects.
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Spontane vroeggeboorte is pathofysiologisch gezien een heterogeen syndroom. De 
cascade aan gebeurtenissen die er aan ten grondslag ligt en uiteindelijk resulteert 
in vroeggeboorte heeft verschillende mogelijke oorzaken, zoals overrekking van het 
myometrium, deciduale bloedingen, voortijdige foetale endocrinologische activatie 
en intra-uteriene infectie of ontsteking. Baarmoedercontracties zijn het meest 
waargenomen symptoom van dreigende spontane vroeggeboorte. Daarom zijn 
de meeste therapeutische opties gericht op het doen afnemen van deze spontane 
contractiliteit. Het voornaamste doel van de behandeling van dreigende vroeggeboorte 
is gericht op het minimaal 48 uur uitstellen van de baring, zodat corticosteroïden, 
toegediend aan de moeder, een maximaal gunstig effect op de foetale longrijping 
kunnen uitoefenen. Daarnaast kan ook transport van de zwangere naar een derdelijns 
centrum met neonatale intensive care faciliteiten doel zijn van de behandeling. De 
enige middelen die zijn geregistreerd als weeënremmers zijn de β-adrenerge-receptor 
agonist ritodrine (Europa en de Verenigde Staten) en de oxytocine receptor antagonist 
atosiban (Europa). Er is nauwelijks literatuur die het gebruik van magnesiumsulfaat 
als weeënremmer ondersteunt, daarom wordt het gebruik van dit middel niet meer 
geadviseerd. Andere niet geregistreerde alternatieven voor weeënremming zijn de 
cyclo-oxygenase (COX) remmers en calciumantagonisten. 
Doel van dit proefschrift was het bestuderen van de maternale en foetale bijwerkingen 
van de verschillende weeënremmers. In deze discussie en samenvatting wordt eerst 
de literatuur aangaande de effectiviteit van weeënremmers besproken, gevolgd 
door een samenvatting van de onderzoeken met betrekking tot foetale en maternale 
neveneffecten van weeënremmers en de conclusies en aanbevelingen.

Effectiviteit van weeënremmers

In een recente meta-analyse analyseerden Anotayanth en medewerkers 11 geran-
domiseerde onderzoeken waaraan 1320 vrouwen met dreigende vroeggeboorte 
(geboorte voor 37 weken zwangerschapsduur) deelnamen. In deze onderzoeken werd 
behandeling met β-adrenerge-receptor agonisten vergeleken met een behandeling 
met een placebo. Van de groep vrouwen behandeld met de β-adrenerge-receptor 
agonisten bevielen minder vrouwen binnen 48 uur (RR 0.63; 95% [CI]0.53 tot 0.75) dan 
in de placebogroep. Ondanks de goede effectiviteit is het gebruik van β-adrenerge-
receptor agonisten afgenomen als gevolg van een hoge incidentie van maternale 
bijwerkingen.
De afgelopen decennia zijn verscheidene alternatieve weeënremmers onderzocht voor 
de behandeling van vroeggeboorte. Een recente meta-analyse waarin COX remmers 
(indomethacine) worden vergeleken met placebobehandeling, liet een daling zien 
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van het aantal geboorten voor 37 weken zwangerschapsduur. In een onderzoek met 
36 vrouwen en een toegenomen zwangerschapsduur en geboortegewicht in twee 
onderzoeken met in totaal 67 vrouwen. In vergelijking met andere weeënremmers, 
resulteerde behandeling met COX remmers in een afname van het aantal geboorten 
onder de 37 weken zwangerschapsduur.
Calciumantagonisten, geregistreerd als bloeddrukverlagende medicatie, worden veel 
gebruikt voor de behandeling van dreigende vroeggeboorte. Een Cochrane analyse 
toont dat calciumantagonisten vergeleken met β-adrenerge-receptor agonisten een 
daling geven van de geboorte-incidentie binnen zeven dagen na aanvang van de 
behandeling (RR 0.76; 95% [CI] 0.6 tot 0.97) en een daling van de geboorte-incidentie 
onder 34 weken zwangerschapsduur (RR 0.83; 95% [CI] 0.69 tot 0.99). 
De effectiviteit van de oxytocine antagonist atosiban is aangetoond in zes groot 
opgezette geblindeerde gerandomiseerde onderzoeken. In vergelijking met 
placebobehandeling, is een iets groter deel van de vrouwen nog niet bevallen na 48 
uur behandeling met atosiban (RR 1.13; 95% [CI] 1.02 tot 1.26). Atosiban heeft een 
vergelijkbare effectiviteit als de β-adrenerge-receptor agonisten (RR 1.07; 95% [CI] 0.98 
tot 1.17). Maar atosiban is nog nooit in een gerandomiseerd onderzoek vergeleken met 
een calciumantagonist. Coomarasamy publiceerde een indirecte vergelijking tussen 
atosiban en calciumantagonisten. Hierbij maakte hij gebruik van de gerandomiseerde 
onderzoeken van atosiban en calciumantagonisten met β-adrenerge-receptor agonisten. 
Uit deze analyse bleek geen verschil in effectiviteit tussen atosiban en nifedipine.

Naast het gebruik van weeënremmers voor de behandeling van dreigende vroeg-
geboorte, bestaan er ook indicaties voor gebruik van deze middelen tijdens de a terme 
periode (> 37 weken zwangerschapsduur). Bijvoorbeeld voor uitwendige versie van een 
stuitligging of preventie van een traumatische ontwikkeling bij afgeweken ligging tijdens 
een keizersnede. Een ander klinisch probleem dat in theorie verholpen kan worden door 
snelle relaxatie van de baarmoeder, is foetale nood tijdens de bevalling. In hoofdstuk 
7 wordt de literatuur besproken over het gebruik van verschillende weeënremmers 
tijdens de a terme bevalling, met de nadruk op de effectiviteit. β-adrenerge-receptor 
agonisten zoals terbutaline en ritodrine blijken een snel en vergelijkbaar effect te hebben 
op weeënactiviteit en intra-uteriene druk. Het aantal onderzoeken is te beperkt om 
een voorkeur uit te spreken voor het type β-adrenerge-receptor agonist en de meest 
effectieve dosering. 
De oxytocine receptor antagonist atosiban heeft een hoge specificiteit voor de 
baarmoeder en nauwelijks systemische effecten. Deze eigenschappen maken atosiban 
een aantrekkelijk alternatief voor de β-adrenerge-receptor agonisten tijdens de a 
terme bevalling. In hoofdstuk 8 wordt een gerandomiseerd onderzoek naar atosiban 
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en ritodrine tijdens de a terme bevalling beschreven. Vrouwen met een indicatie voor 
acute weeënremming werden tijdens de bevalling gerandomiseerd voor behandeling 
met atosiban 6.75 mg (n=70) of ritodrine 10 mg (n=70). Bij 58 vrouwen (ritodrine n=29, 
atosiban n=29) werd gedurende tenminste 20 minuten voor en na toediening van de 
medicatie de intra-uteriene druk gemeten met een intra-uteriene drukkatheter. In 
vergelijking met de uitgangswaarden nam de intra-uteriene druk maximaal met 55% af 
na ritodrine toediening en met 54% na atosiban toediening. In beide groepen reageerden 
26 van de 29 vrouwen op de toediening van een weeënremmer. De sterkste afname 
van baarmoederactiviteit werd gevonden bij vrouwen met bijstimulatie door middel 
van oxytocine-infusie. Het effect van atosiban bij vrouwen met spontane weeën zonder 
oxytocine-infusie was bescheiden en niet significant. Twee andere kleine onderzoeken 
toonden eveneens een effectieve weeënremmende activiteit van atosiban tijdens de a 
terme bevalling. Atosiban lijkt dus een goed alternatief voor de β-adrenerge-receptor 
agonisten voor weeënremming tijdens de a terme bevalling, maar meer onderzoek 
naar de effectiviteit is nodig. 

Foetale bijwerkingen van tocolytica

De bekende neveneffecten van de diverse weeënremmers op de foetus zijn samengevat 
in hoofdstuk 2. De calciumantagonist nifedipine passeert de placenta en de ratio van 
concentratie in navelstrengbloed en maternaal bloed is 0.93. Sommige dierexperimenten 
tonen een afname van uteriene bloeddoorstroming en het optreden van foetale acidose 
na toediening van calciumantagonisten. Bij zwangere vrouwen tonen de meeste 
studies geen vermindering van uteriene doorbloeding en geen tekenen van foetale 
nood na toediening van de calciumantagonist nifedipine. De onderzoeken naar de 
weeënremmende effectiviteit van calciumantagonisten vergeleken met β-adrenerge-
receptor agonisten tonen geen tekenen van foetale nood en rapporteren een gunstige 
neonatale uitkomst bij het gebruik van nifedipine.
Atosiban, een oxytocine receptor antagonist, passeert de placenta maar in geringe 
mate met een ratio van 0.124. Bij zwangere schapen verandert atosiban toediening de 
foetale en maternale cardiovasculaire parameters niet. En bij chimpansees in het derde 
trimester van de zwangerschap, werd de foetale oxygenatie niet beïnvloed door het 
toedienen van atosiban. Er zijn geen onderzoeken die de directe invloed van atosiban 
op de humane foetus bestudeerd hebben. Daarom hebben wij een gerandomiseerde 
prospectieve studie uitgevoerd met als doel de directe effecten van atosiban en 
nifedipine, gecombineerd met een corticosteroïdenkuur (betamethason), te bestuderen 
op de foetus (hoofdstuk 6). Uit ethisch oogpunt werd het bestuderen van de directe 
effecten van beide tocolytica bij vrouwen met een dreigende vroeggeboorte, zonder 
dat corticosteroïden werden toegediend, verworpen.
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Van betamethason is bekend dat het direkte effecten op de foetus heeft. Twee dagen 
na de eerste toediening van betamethason treedt een tijdelijke maar significante daling 
op van de foetale hartslagvariabiliteit en een afname van de foetale bewegingen. Deze 
parameters normaliseren weer 4 à 5 dagen na de eerste toediening van betamethason. 
Tijdens de tweede helft van de zwangerschap hebben foetale bewegingen en de 
foetale hartslagvariabiliteit een dagnachtritme; een toename tijdens de middag, avond 
en nacht en afname in de vroege ochtend. Koenen e.a. bestudeerden de effecten 
van betamethason op deze dagnachtritmes twee dagen na de eerste toediening van 
betamethason en vonden een afname van de foetale parameters in de middag en avond 
maar niet in de ochtend. Deze resultaten suggereren dat betamethason het normale 
foetale dagnachtritme onderdrukt. Deze waarnemingen waren helaas beperkt tot één 
observatiedag, maar suggereren dat betamethason geen onderdrukking van foetale 
bewegingen en hartactievariabiliteit in de vroege ochtend geeft. 
Wij onderzochten deze hypothese in een prospectief longitudinaal onderzoek (hoofdstuk 
5). Twintig zwangere vrouwen met een dreigende vroeggeboorte en indicatie voor 
behandeling met betamethason werden geïncludeerd. De behandelindicaties waren 
prematuur gebroken vliezen (n=3), placenta praevia (n=3), premature weeënactiviteit 
(n=8), groeivertraging (n=2) en pre-eclampsie met of zonder groeivertraging (n=4). 
Gedurende 5 dagen werden iedere ochtend 1-uurs registraties gemaakt van het foetale 
hartactiepatroon en werden foetale bewegingen d.m.v. echoscopie gekwantificeerd. 
Ter controle werden iedere middag de foetale hartactieregistraties herhaald. De 
eerste registratie startte voor de eerste gift betamethason. Uit dit onderzoek bleek 
inderdaad dat betamethason geen afname van foetale hartslagvariabiliteit in de 
ochtend induceert en evenmin effect heeft op de foetale bewegingen op dat tijdstip 
van de dag. De middagregistraties lieten de verwachte afname zien op dag twee en 
drie. Deze bevindingen hebben nadrukkelijk betekenis voor de kliniek. Tot dusverre 
was het niet goed mogelijk de conditie van de foetus te bestuderen na toediening van 
corticosteroïden, omdat zowel het hartactiepatroon als bewegingen werden beïnvloed. 
Nu echter bekend is dat corticosteroïden de dag-nacht variatie onderdrukken, maar 
geen effect hebben op de waarden in de vroege ochtend, kunnen registraties gemaakt 
in de vroege ochtend gebruikt worden voor het longitudinaal in de tijd vervolgen van 
de conditie van deze kinderen.
Wij hebben dezelfde methode van onderzoek gebruikt in een gerandomiseerde studie 
naar de foetale bijeffecten van atosiban en nifedipine, in een onderzoeksopzet waarbij 
tevens betamethason werd toegediend (hoofdstuk 6 ). Veertig vrouwen met dreigende 
vroeggeboorte werden gerandomiseerd voor behandeling met atosiban of nifedipine. 
De primaire uitkomstmaten waren de effecten van beide weeënremmers op de foetale 
hartfrequentie en hartactievariabiliteit. Secundaire uitkomstmaten waren de effecten 
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op foetale bewegingen (algemene lichaamsbewegingen en adembewegingen) en 
foetale bloeddoorstroming (Doppler meting van de arteria umbilicalis en de arteria 
cerebri media). Gegevens van negen vrouwen konden uiteindelijk niet gebruikt worden, 
door toediening van een andere weeënremmer de eerste 24 uur, of vanwege een 
bevalling dezelfde dag;  één vrouw trok haar toestemmingsverklaring in. Als gevolg van 
vroeggeboorte nam het aantal vrouwen nog iets verder af gedurende de studieperiode. 
We vonden geen significante effecten van beide weeënremmers op de foetale hartslag, 
foetale bewegingen en foetale Doppler bloedstroom parameters gedurende de vijf 
dagen durende studieperiode. Concluderend liet deze studie geen foetale bijwerkingen 
zien van de weeënremmers atosiban en nifedipine. 
β-adrenerge-receptor agonisten passeren de placenta snel en gemakkelijk en 
veroorzaken een foetale tachycardie, een toegenomen foetale cardiale output en 
redistributie van de foetale bloedstroom. Bolus toediening van β-adrenerge-receptor 
agonisten zoals terbutaline of ritodrine bij een a terme partus induceert een foetale 
tachycardie. In hoofdstuk 8 worden de effecten beschreven van een bolus atosiban en 
ritodrine op de foetale hartfrequentie tijdens de a terme bevalling. In vergelijking met 
de foetale hartfrequentie voor toediening van de weeënremmer steeg deze maximaal 
11.6 slagen per minuut 10-20 minuten na ritodrine toediening (p<0.01) in vergelijking 
met een stijging van 4.9 slagen na atosiban toediening (p=0.27). De toename van 
hartfrequentie was van korte duur en de neonatale uitkomsten verschilden niet tussen 
beide behandelgroepen.

Maternale bijwerkingen 

Vanwege de hoge incidentie van maternale bijwerkingen na toediening van β-adrenerge-
receptor agonisten is het gebruik van deze middelen afgenomen. Dit is mede gebeurd op 
grond van het feit dat er geen redenen zijn om aan te nemen dat β-adrenerge-receptor 
agonisten effectiever zijn dan atosiban, nifedipine of indomethacine. In hoofdstuk 2 
wordt de huidige literatuur over de maternale bijwerkingen en systemische effecten van 
de afzonderlijke weeënremmers besproken. In vergelijking met β-adrenerge-receptor 
agonisten veroorzaken atosiban en nifedipine minder maternale bijwerkingen. Studies 
laten een incidentie van bijwerkingen zien van 10% bij het gebruik van atosiban. De 
meest gerapporteerde bijwerkingen van dit middel zijn hoofdpijn, misselijkheid en 
braken. De meest voorkomende bijwerkingen bij het gebruik van calciumantagonisten 
zijn van cardiovasculaire aard (20-30%); zoals hypotensie, tachycardie, flushes, hoofdpijn, 
verhoogde leverenzymen, misselijkheid en duizeligheid. 
Helaas zijn de gerandomiseerde onderzoeken naar effectiviteit en bijwerkingen 
van weeënremmers beperkt tot een goed omschreven laagrisico populatie zonder 



135

Algemene discussie en samenvatting

meerlingzwangerschappen, prematuur gebroken vliezen, vaginaal bloedverlies, 
maternale diabetes of een voorgeschiedenis van cardiovasculaire ziekte. Het vertalen 
van de gerapporteerde incidenties van bijwerkingen naar de gehele populatie 
van vrouwen met dreigende vroeggeboorte is daarom lastig. Afgelopen jaren zijn 
verschillende casuïstische mededelingen verschenen, waarin melding gemaakt 
wordt van ernstige bijwerkingen door het gebruik van calciumantagonisten. Deze 
publicaties lenen zich niet goed voor vergaande analyses en het is ook niet zeker of 
de genoemde bijwerkingen geheel toe te schrijven zijn aan het gebruik van deze 
middelen. Om het optreden te bestuderen van ernstige maternale bijwerkingen bij 
het gebruik van de diverse weeënremmers, hebben wij een prospectieve cohort studie 
opgezet in Nederland en België in een alledaagse klinische setting (hoofdstuk 3 ). Alle 
deelnemende ziekenhuizen registreerden gedurende een jaar vrouwen die behandeld 
werden met een weeënremmer voor dreigende vroeggeboorte in de periode van 2006 
tot en met 2007.
Gedurende de studieperiode werden 1920 vrouwen geïncludeerd. Bij 38 vrouwen werd 
de behandeling met de weeënremmer gestaakt vanwege een maternale bijwerking. Na 
beoordeling door een deskundig panel werden 10 casus verworpen, die niet voldeden 
aan de studiedefinities. In totaal werden14 casus gecategoriseerd als ernstige maternale 
bijwerking en 14 als milde maternale bijwerking. De algehele incidentie van ernstige 
bijwerkingen was laag (0.7%). 1327 vrouwen werden behandeld met één weeënremmer. 
Bij het gebruik van alleen β-adrenerge-receptor agonisten bedroeg de incidentie van 
ernstige bijwerkingen 1.7% en bij nifedipine 0.9%. Gebruik van atosiban ging niet 
gepaard met ernstige bijwerkingen. Van de studiepopulatie werd 16% behandeld met 
een gecombineerde behandeling, d.w.z. het gelijktijdig behandelen met twee of meer 
soorten weeënremmers. Deze gecombineerde behandelingen waren geassocieerd met 
een hogere incidentie van ernstige bijwerkingen (1.6%). We registreerden 414 vrouwen 
met een meerlingzwangerschap, van wie vier een ernstige bijwerking ontwikkelden 
(RR 1.5; 95% CI 0.39 tot 5.0 vergeleken met eenlingzwangerschap). Twee vrouwen die 
behandeld werden met nifedipine (n=101) ontwikkelden een ernstige bijwerking (2%) 
en twee van de 84 vrouwen behandeld met combinatietherapie ontwikkelden een 
ernstige bijwerking (2.4%). Patiëntkarakteristieken zoals gebroken vliezen, bloedverlies 
of andere obstetrische co-morbiditeit waren niet geassocieerd met een hogere incidentie 
bijwerkingen. 
Ons onderzoek bevestigt de hoge incidentie van ernstige bijwerkingen van β-adrenerge-
receptor agonisten. Het gebruik van gecombineerde weeënremmende therapie leidt 
tevens tot een hoge incidentie van bijwerkingen. Gebruik van atosiban en COX remmers 
ging niet gepaard met ernstige bijwerkingen. De incidentie van bijwerkingen na 
nifedipine was tweemaal zo laag als na β-adrenerge-receptor agonisten, maar daarmee 
niet afwezig. De ernstige bijwerkingen worden uitgebreid beschreven in hoofdstuk 
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4.
In hoofdstuk 8 worden de effecten bestudeerd van een bolus injectie van 10 mg 
ritodrine en een bolus van 6.75 mg atosiban tijdens een a terme bevalling, zoals eerder 
beschreven in deze samenvatting. De primaire uitkomstmaten van deze studie waren de 
effecten van beide middelen op de maternale cardiovasculaire parameters, maternale 
hartslag (MHS) en maternale bloeddruk (MBD). Vrouwen die behandeld werden met 
ritodrine hadden na bolustoediening een stijging van de MHS (83 naar 113 slagen per 
minuut; p<0.001). De MHS bleef onveranderd bij vrouwen die behandeld werden met 
atosiban. Er werden geen significante veranderingen in de MBD waargenomen na 
toediening van atosiban of ritodrine.
Bij aankomst op de operatiekamer verschilde de MHS bij vrouwen behandeld met 
ritodrine (n=27) significant van die van vrouwen behandeld met atosiban (n=34; 124 
versus 92 slagen per minuut). De systolische en diastolische bloeddruk verschilden 
niet significant. Samengevat heeft een bolus atosiban geen effecten op de maternale 
cardiovasculaire parameters. Ritodrine veroorzaakt maternale tachycardie, maar heeft 
geen invloed op de maternale bloeddruk. 

Conclusies en aanbevelingen

Een ideale weeënremmer moet zeer effectief zijn in het uitstellen van de baring zonder 
maternale en foetale bijwerkingen en het moet bij voorkeur goedkoop zijn. Niet één 
van de weeënremmers beschreven in dit proefschrift voldoet aan al deze criteria. In het 
algemeen hebben de meeste weeënremmers maar beperkte effectiviteit vergeleken 
met placebo en tonen de meeste studies geen afname van neonatale morbiditeit na 
behandeling met weeënremmers. β-adrenerge-receptor agonisten en atosiban zijn 
effectiever dan placebobehandeling, maar desondanks treedt er geen verbetering op 
in de neonatale uitkomsten. De gegevens die voorhanden zijn over indomethacine 
suggereren een afname in incidentie van vroeggeboorte in vergelijking met 
placebobehandeling. De bewijsvoering is echter te beperkt om verstrekkende conclusies 
te kunnen trekken over effectiviteit en neonatale veiligheid van dit middel. Studies die 
nifedipine vergelijken met placebobehandeling zijn niet voorhanden. Meta-analyses 
suggereren een superieure effectiviteit van nifedipine in vergelijking met β-adrenerge-
receptor agonisten en tevens een lagere neonatale morbiditeit. Er is echter maar één 
onderzoek dat deze verbeterde neonatale uitkomst aantoonde en de meta-analyses zijn 
mogelijk door dit ene onderzoek sterk beïnvloed. Aangezien er geen grote onderzoeken 
zijn die atosiban en nifedipine direct vergelijken, kan niet aangegeven worden welke 
van deze twee het meest effectief is. 
Acute weeënremming tijdens de a terme baring voor intrauteriene resuscitatie van de 
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foetus, kan goed bereikt worden met behulp van een bolusinjectie van β-adrenerge-
receptor agonisten. Dit proefschrift toont echter ook tocolytische effectiviteit van een 
bolus atosiban, zonder dat sprake is van maternale of foetale bijwerkingen. 

Atosiban en nifedipine lijken geen direkte foetale bij-effecten te hebben, indien 
toegediend in verband met vroegtijdige weeënactiviteit. Veranderingen in 
hartactiepatroon en foetale bewegingen kunnen verklaard worden door het gelijktijdig 
toegediend zijn van corticosteroïden. De door betamethason geïnduceerde effecten 
kunnen omzeild worden door bij de foetale bewaking gebruik te maken van de 
ochtendregistraties. β-adrenerge-receptor agonisten hebben foetale effecten die het 
gebruik beperken. Een bolus ritodrine gegeven tijdens de a terme bevalling veroorzaakt 
een tijdelijke foetale tachycardie, die waarschijnlijk geen invloed heeft op de neonatale 
morbiditeit. Echter bij de behandeling van vroeggeboorte kan een foetale tachycardie, 
geïnduceerd door behandeling met β-adrenerge-receptor agonisten, een intra-uteriene 
infectie of asfyxie maskeren.

De maternale veiligheid van de diverse weeënremmers heeft de afgelopen jaren tot veel 
discussie geleid. De algehele incidentie van ernstige bijwerkingen van weeënremmers, 
gebruikt in de alledaagse klinische setting, is laag. Het gebruik van gecombineerde 
therapieën en behandeling met β-adrenerge-receptor agonisten gaat echter gepaard 
met hoge incidenties van ernstige bijwerkingen. Het is onze mening dat deze middelen 
c.q. therapieën niet meer gebruikt dienen te worden. De incidentie van bijwerkingen 
bij het gebruik van nifedipine bij eenlingzwangerschappen is laag, maar niet afwezig. 
Bij meerlingzwangerschappen zou de incidentie van ernstige bijwerkingen wel eens 
aanzienlijk hoger kunnen zijn, maar de bewijsvoering hiervoor is nog beperkt. 
Atosiban heeft het meest gunstige maternale en foetale bijwerkingenprofiel, maar is 
kostbaar. De keuze tussen off-label gebruik, orale wijze van toediening, lage kosten en 
effectiviteit van nifedipine versus een gunstiger bijwerkingenprofiel van atosiban maar 
met hogere kosten, is lastig. Een directe vergelijking tussen atosiban en nifedipine is 
nodig om deze keuze te kunnen maken. Daarnaast zijn meer studies nodig gericht op 
het doseren van nifedipine in relatie met bijwerkingen en effectiviteit. 
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Dit proefschrift was niet mogelijk geweest zonder de steun van de stafleden Obstetrie, 
arts-assistenten, verloskundigen en verpleegkundigen in het UMC Utrecht, en alle 
gynaecologen, arts-assistenten en research nurses van de ziekenhuizen die deelnamen 
aan de VET studie (zie de appendix). Tevens wil ik alle patiënten bedanken die deel 
hebben genomen aan het onderzoek.

Prof. dr. G.H.A. Visser,  beste Gerard, 
‘Altijd enthousiast’, ‘inspirerende begeleiding’, ‘je gaat weer naar buiten met een 
goed gevoel’, uitspraken van mijn voorgangers en allemaal absoluut waar. Ook míjn 
promotietraject werd geregeld op een kladje tussen de overdracht en een persende mult. 
Kort daarna begon ik aan verschillende projecten die uiteindelijk hebben geresulteerd 
in dit proefschrift. Ik kreeg alle ruimte om me fulltime te storten op het onderzoek, en 
je stond altijd klaar met raad en daad. Helaas werd een periode van mijn onderzoek 
overschaduwd door een tegenslag in mijn privé-leven. De zorgzaamheid, steun en 
ruimte die ik toen kreeg heb ik erg gewaardeerd. Dat de verlegen Limburger inmiddels 
niet meer zo verlegen is, ook daar heb jij een groot aandeel in. Gerard, bedankt voor de 
mogelijkheden die je me hebt geboden en voor je bezielende maar zeker ook menselijke 
begeleiding. Het onderzoek is nog niet afgelopen en ik kijk uit naar onze toekomstige 
samenwerking.

Dr. E.J.H. Mulder, beste Edu,
Om nog een voorganger te citeren: ‘ga naar Edu en vaar blind op zijn oordeel en 
begeleiding’. Dat heb ik gedaan en daar heb ik geen spijt van gekregen. Je hebt me heel 
veel geleerd over onderzoek doen en je kennis over de ‘foetologie’ is indrukwekkend. 
Vele uren hebben we samen doorgebracht met het maken van echoregistraties. Ook jij 
gaf me veel steun en ruimte toen ik het nodig had. En ondanks onze totaal verschillende 
achtergronden hebben we een goede band gekregen. Eindeloos veel geduld, en 
menig uurtje op je kamer en bij je thuis op de zolder hebben veel bijgedragen aan dit 
proefschrift. Joke bedankt voor je gastvrijheid en altijd hartelijke ontvangst in De Bilt. 
Edu bedankt voor al je tijd en energie, ik hoop dat we in de toekomst nog vaak kunnen 
samenwerken.

Dr. J.B. Derks, beste Jan,
Jouw proefschrift lag aan de basis van een aantal hoofdstukken van dit proefschrift. 
Ik heb veel van je geleerd over basic science en de waarde van proefdieronderzoek. 
Je bijdrage aan de klinische gedeelten van dit proefschrift waren altijd erg nuttig. Al 
snel ontdekten we een gezamenlijke passie, het Bourgondische leven. Inmiddels heb 
ik al vele malen van je kookkunsten mogen genieten en zie ik altijd weer uit naar deze 
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gezellig avondjes. Jan, bedankt voor alle hulp en ik verheug me op onze samenwerking 
in het WKZ.

De leden van de beoordelingscommissie Prof. dr. F. van Bel, Prof. dr. H.W. Bruinse, Prof.
dr. H.P. van Geijn, Prof.dr. B.W. Mol en Prof. dr. F.F.A.M Schobben dank ik voor het kritisch 
doorlezen van dit proefschrift.

Prof. dr. B.W. Mol, beste Ben-Willem,
Toen ik als co-assistent met je meeliep viel meteen je kennis op van getallen en kansen, 
maar vooral ook hoe je dit wist over te brengen aan de patiënten; evidence based 
medicine. De moderne manier van geneeskunde bedrijven die inmiddels onlosmakelijk 
verbonden is met jouw naam. Onze samenwerking begon samen met Pepino tijdens 
mijn eerste schreden in het verloskunde onderzoek. Toen ik je vroeg mee te doen aan 
de VET studie twijfelde je niet, je enorme input heeft veel bijgedragen aan het slagen 
van deze studie. Je onvoorwaardelijke steun, geduld en visie op goed wetenschappelijk 
onderzoek zijn inspirerend en erg leerzaam.

Caroline van Holsbeke, Hans Wolf, Jan-Jaap Erwich, Wilfried Gyselaers, Miriam Hanssens, 
Herman van Geijn, Fred Schobben en Linda Härmark, ook jullie energie en tijd is van 
grote waarde geweest voor het slagen van de VET studie. Vele uren en vele kilometers 
hebben jullie geïnvesteerd in de studie met altijd snelle reacties op mijn eindeloze 
stroom mailtjes. Bedankt voor de prettige samenwerking.

Steven Koenen, bedankt voor je goede raad aan het begin van mijn onderzoek en het 
meeschrijven aan hoofdstuk 5. Piet Kurver en Leo van Wolfswinkel, bedankt voor jullie 
bijdrage aan hoofdstuk 8. Pepino Graziosi, bedankt voor mijn eerste obstetrische artikel, 
ik hoop dat de Limburgse vlaaien hebben gesmaakt.

Philip Stoutenbeek, Rob Stigter, Lou Pistorius, Miriam en Els, bedankt voor jullie hulp 
met de Doppler metingen en de gastvrijheid op de echokamers.

Lot, Bertina, Ans, Danielle en Ineke, jullie waren vaak mijn geheugen en agenda. Bedankt 
voor al jullie hulp.

Jolanda Gerrits, Hens Brouwers, Lya den Ouden en Louis Kolleé, bedankt voor de leuke 
samenwerking tijdens het MOSAIC project.
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De gynaecologen, verpleegkundigen en secretaresses van het Twee Steden Ziekenhuis 
wil ik bedanken voor een geweldig eerste opleidingsjaar. Wat een goede sfeer, veilig 
opleidingsklimaat en betrokken begeleiding.
 
De assistenten, we hebben een vreselijk ongezellige groep. Gingen we er maar eens 
lekker op uit, een weekendje weg, carnaval vieren, eens een avondje stappen in een 
leuke grote studentenstad, borrelen, of organiseerden we maar eens een leuk cabaret. 
Was ik maar internist in opleiding.

De staf en medewerkers van de divisie Vrouw en Baby in het UMC Utrecht wil ik bedanken 
voor een leerzaam tweede opleidingsjaar.

De onderzoekers, Anneloes, Ayten, Bas, Rosa, Madelon, Ilse, Karien, Maarten, Margo, 
Helen, Annemiek, Erik, Wenche, Carolien, Nicole, Marieke, Gijs, Jeroen, Suzanne en Floor 
bedankt voor de heerlijke onderzoeksjaren. Margo ontzettend bedankt voor de hulp 
en tijd die je stak in de VET studie. Bas, onze onderzoekstijd heeft me een vriendschap 
opgeleverd, ik heb erg genoten van onze recente samenwerking op muzikaal gebied. 

Lieve vrienden en (schoon)familie bedankt voor jullie steun en begrip. Na 17 juni ben ik 
weer vaker van de partij. Peter, bedankt voor je taalkundige bijdrage aan de Nederlandse 
samenvatting. Hopelijk staan in dit dankwoord genoeg lidwoorden.

Lieve paranimfen, 
Rachel, wij zijn al zo lang vrienden dat ik de tel ben kwijtgeraakt. Je doorzettingsvermogen, 
positieve levensinstelling en loyaliteit zijn bewonderenswaardig. Je bent een ambitieuze 
psychologe en de wereld ligt aan je voeten. Ik vind het een grote eer dat jij me bijstaat 
17 juni. 
Pieter, op het eerste gezicht lijken er geen twee grotere tegenpolen te bestaan, maar 
toen wij elkaar beter leerden kennen bleek niets minder waar. Inmiddels zijn we erg 
goede vrienden en staat je deur in Zeist samen met Babette, Feline en Hugo altijd voor 
me open. Wat geweldig dat ook jij naast me staat de 17e.

Lieve Coby en Ruud, Sanne en Michiel. Jullie zijn echte schatten. De Rolandsweg is al 
lange tijd mijn tweede thuis. Coby, bedankt voor het mooie schilderij voor de omslag. 
Sanne, bedankt voor je hulp bij het verwerken van de beoordelingen van de VET studie. 
Heb ik bij deze mijn belofte ingelost?
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Lieve mam, wat hadden we dit graag samen beleefd. Maar ik draag je liefde, wijze 
woorden en onvermurwbare positieve levensinstelling iedere dag met me mee. We 
missen je ontzettend.

Lieve Annemiek en Guido, het kleine zusje voel je je al lang niet meer, een volwassen 
vrouw met beide benen op de grond en een eigen mening. Maar je blijft toch mijn 
kleine zusje.
   
Lieve Pap, ik kan me echt geen betere vader voorstellen. Je staat dag en nacht voor me 
klaar en we delen vele interesses. Bedankt voor alles.

Lieve, lieve Anouk, ik kan me al lange tijd geen leven meer zonder jou voorstellen. We 
hebben het heerlijk samen en we vullen en voelen elkaar feilloos aan. Je bent inmiddels 
een zeer ambitieuze neuroloog in opleiding en op wetenschappelijk gebied kan ik je 
al niet meer bijbenen. Lieve schat, het maakt me niet uit wat de toekomst zal brengen 
als ik die maar kan delen met jou. Ik hou van je.     
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Op 30 juni 1977 werd Roel de Heus geboren in Ziekenhuis de Goddelijke Voorzienigheid 
te Sittard. Op deze dag zag de auteur van dit boekje niet alleen voor het eerst het 
levenslicht, maar maakte hij tevens voor het eerst kennis met het vakmanschap van 
de gynaecologie. Onder begeleiding van dr. P.M. Moormann en met behulp van de 
vacuümpomp kwam hij na enkele tracties ter wereld. Probleemloos doorliep Roel het 
onderwijs van de Katholieke Basisschool Overhoven en het Bisschoppelijke College te 
Sittard. In 1995 nam hij zijn VWO-diploma in ontvangst en vertrok hij naar Utrecht om 
aldaar Geneeskunde te studeren. 
In 2000 behaalde Roel zijn doctoraalexamen en begon hij aan de co-schappen. In 2002 
heeft hij het co-schap kindergeneeskunde doorlopen in het Pretoria Academic Hospital 
te Zuid-Afrika. In ditzelfde jaar deed hij zijn wetenschappelijke stage naar Medullair 
Schildklier Carcinoom bij prof. dr. C.J.M Lips en dr. J.W.M. Höppener van de afdeling 
Klinische Endocrinologie van het UMC Utrecht. Na zijn keuze co-schap op de afdeling 
Verloskunde van het WKZ-UMC Utrecht, was hij vanaf 1 oktober 2002 werkzaam als 
AGNIO op deze afdeling, waarna hij in 2003 begon met het promotie onderzoek waarvan 
het resultaat voor u ligt. 
In augustus 2006 begon Roel zijn opleiding tot gynaecoloog in het TweeSteden 
ziekenhuis te Tilburg (Opleider dr. H.J.H.M. van Dessel). Een jaar later werd de opleiding 
gecontinueerd in het UMC Utrecht (Opleider prof. dr. G.H.A. Visser).
Roel woont samen met Anouk van Norden in Nijmegen.

De paranimfen
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