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ABSTRACT

Tocolysis is among the most common obstetric measures. The

objective is to prolong the pregnancy by at least 48 hours to

complete foetal lung maturation and for the in-utero transfer

of the pregnant woman to a perinatal centre. The indication

for tocolysis is regular, premature contractions (≥ 4/20min)

and a dynamic shortening of the cervical length/cervical open-

ing between 22 + 0 to 33 + 6 weeks of pregnancy. In this con-

nection, the cervical length measured on ultrasound and the

determination of biomarkers in the cervicovaginal secretions

can be important decision-making aids. Beta sympathomimet-

ics should no longer be used due to the high rate of severe ma-

ternal adverse effects. Given controversial data, magnesium

sulphate is no longer recommended for tocolysis in current

guidelines. Atosiban is as effective for prolonging pregnancy

as beta sympathomimetics and nifedipine, has the lowest rate

of maternal adverse effects, but also the highest drug costs. Ni-

fedipine and indomethacin are recommended in international

guidelines for acute tocolysis, however there are indications of

increased neonatal morbidity following indomethacin. Current

problems are, above all, the lack of randomised, controlled

comparative and placebo-controlled studies, the data which

are controversial to some extent, and the insufficient evidence

of tocolytics to significantly improve the neonatal outcome.

ZUSAMMENFASSUNG

Die Tokolyse gehört zu den häufigsten geburtshilflichen Maß-

nahmen. Ziel ist die Verlängerung der Schwangerschaft um

mindestens 48 Stunden zum Abschluss der fetalen Lungenrei-

fung und zum In-utero-Transfer der Schwangeren in ein Perina-

talzentrum. Die Indikation zur Tokolyse sind regelmäßige, vor-

zeitige Wehen (≥ 4/20min) und eine dynamische Verkürzung

der Zervixlänge/Zervixeröffnung zwischen 22 + 0 bis 33 + 6

SSW. In diesem Zusammenhang können die sonografisch ge-

messene Zervixlänge und die Bestimmung von Biomarkern im

Zervikovaginalsekret wichtige Entscheidungshilfen sein. Beta-

sympathomimetika sollten aufgrund der hohen Rate schwerer

maternaler Nebenwirkungen nicht mehr eingesetzt werden.

Bei kontroverser Datenlage wird Magnesiumsulfat in aktuellen

Leitlinien nicht mehr zur Tokolyse empfohlen. Atosiban ist zur

Schwangerschaftsverlängerung äquieffektiv zu Betasympatho-

mimetika und Nifedipin, weist die geringste Rate maternaler

Nebenwirkungen, aber auch die höchsten Arzneimittelkosten

auf. Nifedipin und Indometacin werden in internationalen Leit-

linien zur Akuttokolyse empfohlen, allerdings bestehen Hinwei-

se für eine erhöhte neonatale Morbidität nach Indometacin.

Derzeitige Probleme sind vor allem das Fehlen randomisierter,

kontrollierter Vergleichs- und placebokontrollierter Studien, die

z.T. kontroverse Datenlage und die unzureichende Evidenz von

Tokolytika, das neonatale Outcome signifikant zu verbessern.
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Introduction
For decades, drug-based inhibition of contractions has been a part
of the treatment concept for preterm delivery whose rate in Eu-
rope, at 5–18%, remains high [1]; in Germany, it was 8.6% in
2017 [2].

As the perinatal statistics from 2017 show [2], approximately
18800 cases of tocolysis are performed in Germany annually in
the case of threatened preterm delivery, with a median duration
of 3 days (up to 106 days).

For demonstrable reasons (for example, the pregnant wom-
anʼs desire for “treatment”, concerns about medical-legal dis-
putes in the event of damage), tocolytics are used too frequently
and too long. In approximately 30% of pregnant women with pre-
term contractions, these stop spontaneously [3]; about 50% of
pregnant women deliver without tocolysis near term [4] and only
12–17% within one week [5]. In view of this, a differentiated indi-
cation is a precondition for performing tocolysis.
Indications for Tocolysis
According to the current recommendations of the European Asso-
ciation of Perinatal Medicine, tocolysis is indicated at the onset of
regular preterm contractions, not fewer than 4 contractions with-
in 20 minutes and dynamic cervical changes (shortening/expan-
sion of the cervix) between 22 + 0 and 36 + 6 weeks of pregnancy
[1].

The ACOG Practice Bulletin No. 171 2016 [3] recommends to-
colysis in the case of regular preterm contractions and cervical di-
lation of ≥ 2 cm.

From earlier investigations, it is known that measuring cervical
length using ultrasound (sensitivity 78.1%, specificity 82.7%) is
superior to the digital examination (sensitivity 65.6%, specificity
72.4%) with regard to predicting preterm delivery within 7 days
[6].

Pregnant women with preterm contractions and a cervical
length of ≥ 30mm have a risk of preterm delivery of < 2% within
the next 7 days and an over 95% chance of delivering beyond the
35th week of pregnancy without treatment [7].

The indication for tocolysis increasingly includes the qualitative
(quantitative) determination of biomarkers (foetal fibronectin, in-
sulin-like growth factor-binding protein-1 and placental α-micro-
globulin-1) in the cervicovaginal secretion to predict preterm de-
livery within 7 days, in addition to the cervical length measured on
ultrasound (overview in [1]).

According to a systematic overview of prospective cohort and
observational studies, the determination of the placental α-mi-
croglobulin-1 over all areas of risk has the highest positive predic-
tive value for a preterm delivery within 7 days in comparison to
the two other biomarkers [8]; however, it should be taken into ac-
count here that these included non-randomised, controlled stud-
ies must be viewed critically due to possible bias.

The combination of cervical length measurement on ultra-
sound and biomarker testing in the cervicovaginal secretions
should enable a differentiation to be made in pregnant women
at low risk (< 2–5%) for a preterm delivery within 7 days who do
not need tocolysis and pregnant women at high risk for whom
1246
an inpatient admission and tocolysis as well as induction of foetal
lung maturation is recommended. Indicative for this recommen-
dation were a meta-analysis by De Franco et al. [9] as well as the
results of a prospective cohort study (n = 665, 24th-34th weeks of
pregnancy) from the Netherlands, with disproportionate inclusion
of later weeks of the time period mentioned and thus a significant
bias [10]. Pregnant women with preterm contractions and a cervi-
cal length > 30mm or a cervical length of 15–30mm and negative
fibronectin have a preterm delivery rate < 5% within a week. As a
subsequent randomised study from the same working group [11]
showed, no significant decrease in the preterm delivery rate with-
in 7 days (8.1 vs. 2.8%) and no significant differences with regard
to the median gestational age at birth were able to be achieved in
this low-risk collective (cervical length 10–30mm, negative fibro-
nectin test, intact amniotic sac) by the oral administration of nife-
dipine in comparison to placebo.

Pregnant women with regular preterm contractions, a cervical
length < 15mm or a cervical length of 15–30mm and a positive
fibronectin test had a risk of preterm delivery within 7 days of 52
and 11–17% respectively and thus an indication for tocolysis [10].
In a subgroup analysis of the APOSTEL‑I study, the combination of
cervical length measurement on ultrasound and the determina-
tion of foetal fibronectin proved to be cost-effective through the
reduction in inpatient admissions, tocolysis and induction of foe-
tal lung maturation [12]. In another subanalysis of this study, the
introduction of this approach resulted in a significant shortening
of the inpatient hospital stay [13]. However, according to a recent
meta-analysis from 6 randomised, controlled studies (n = 546),
the fibronectin determination alone does not lead to a reduction
in the preterm delivery rate < 28, < 32 and < 37 weeks of preg-
nancy and not within 7 days or to a decrease in inpatient hospi-
talisations and cases of tocolysis, but to higher inpatient costs
[14]. It is currently being discussed whether, in addition to cervical
length measurement on ultrasound, the additional determination
of a biomarker such as fibronectin significantly improves the pre-
diction of preterm delivery and thus should be included in the
clinical management in the event of threatened preterm delivery
(overview in [15]). In the case of a cervical length of > 30mm or
< 20mm, the additional determination of a biomarker such as fi-
bronectin is not recommended since the risk of preterm delivery
within a week in these cases is < 2–5% and > 25% respectively
[16].

Navathe and Berghella 2016 [17] define “true preterm labour”
as regular preterm contractions in connection with a cervical
length measured transvaginally of < 20mm or 20–29mm and a
positive fibronectin test in the cervicovaginal secretions; in the
case of these pregnant women, they see an indication for inpa-
tient admission, tocolysis and induction of foetal lung maturation.

The NICE guideline “Preterm labour and birth” 2015 [18] dis-
cusses “diagnosed preterm labour” in pregnant women with reg-
ular preterm contractions and a cervical length on ultrasound of
≤ 15mm. If cervical length measurement via vaginal ultrasound
is not available/feasible, the fibronectin test for risk stratification
should be used in the event of threatened preterm delivery
≥ 30 weeks of pregnancy; a combination of both methods is not
recommended.
Rath W and Kehl S. Acute Tocolysis –… Geburtsh Frauenheilk 2018; 78: 1245–1255



Discharge/outpatient monitoring

Risk for preterm delivery within 7 days

Past history + biochemical test + palpitation/cervical length measurement on ultrasound

Cervical length 15 (20)–30 mm*Cervical length 30 mm≥

If applicable, repeat cervical length

measurement on ultrasound

Low risk

Biomarkers negative
Observation

for 2–4 h
Biomarkers positive

High risk

Cervical length < 15 (20) mm*

Admission, tocolysis, lung maturation

* Cut-off 15 or 20 mm: Differences in recommendations: e.g. Navathe R, Berghella V 2016 [17]; NICE 2015 [18]; European guideline 2017 [1]

▶ Fig. 1 Possible algorithm for actions to be taken in the case of regular preterm contractions: 230/7 – 336/7.
Tocolysis should be performed in pregnant women between
24 + 0–25 + 6 weeks of pregnancy with intact amniotic sac and
“suspected preterm labour” (regular, painful contractions and
cervical shortening/opening verified by vaginal examination, but
not ≥ 4 cm) as well as between 26 + 0–33 + 6 weeks of pregnancy
in the case of “suspected” or “diagnosed preterm labour”.

A possible algorithm for actions to be taken, published by
some authors in the meantime [1,17–19], is shown in ▶ Fig. 1.
Objectives of Tocolysis
There is no evidence to date from placebo-controlled studies that
tocolytics lead to a significant decrease in perinatal and neonatal
mortality as well as in neonatal morbidity [20–22]. However, the
studies in this regard should be assessed critically owning to the
considerable heterogeneity and insufficient quality in studies/
meta-analyses (among other things, inclusion of pregnant wom-
en with advanced gestational age, no antenatal induction of lung
maturation or transfer to a perinatal centre, inadequate statistical
power for rare complications, e.g. neonatal death) [23]. Accord-
ing to the current view, [1,3, 18,22,24] the objective of tocolysis
is the prolongation of the pregnancy by at least 48 hours to en-
sure completion of induction of lung maturation using corticoste-
roids, to enable an in-utero transfer of the pregnant woman to a
perinatal centre with a neonatal intensive care unit and to com-
plete foetal neuroprotection using magnesium sulphate < 32
weeks of pregnancy [3]. These measures are evidence-based
methods to decrease neonatal morbidity and mortality [24].
Rath W and Kehl S. Acute Tocolysis –… Geburtsh Frauenheilk 2018; 78: 1245–1255
Choice of tocolytic

The following criteria should be taken into account:
▪ Approved or off-label use
▪ Tocolytic effectiveness to prolong the pregnancy by at least

48 hours
▪ Rate of maternal adverse effects/complications
▪ Rate of foetal adverse effects/complications
▪ Early, late, long-term morbidity
▪ Practicability (e.g. mode of application), need for monitoring
▪ Costs, cost effectiveness
Beta Sympathomimetics
For several decades, since the 1970s, fenoterol has been the most
frequently used tocolytic in Germany. According to a 2009 meta-
analysis [25], a prolongation of the pregnancy by 48 hours can be
achieved in 75% and by 7 days in 65% of cases using beta sympa-
thomimetics.

According to a 2012 network meta-analysis [26], beta sympa-
thomimetics are indeed effective in prolonging pregnancy for
48 hours (OR 2.41; 95% CI 1.27–4.55), but significantly less effec-
tive than calcium channel blockers and indomethacin and also
have the highest rate of maternal adverse effects of all tocolytics
in comparison to placebo (OR 22.67; 95% CI 7.51–73.67, see be-
low).

A Cochrane Review published in 2014 [27] of 28 randomised,
controlled studies from 1974–2010 (all application forms) re-
vealed for beta sympathomimetics – in comparison to placebo
(10 studies, n = 1209) – a significant decrease in the preterm de-
livery rate within 48 hours (RR 0.68; 95% CI 0.53–0.87) and within
1247
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7 days (RR 0.80; 95% CI 0.65–0.89). However, there was no signif-
icant decrease in the frequency of preterm deliveries before the
37th week of pregnancy (RR 0.95; 95% CI 0.88–1.03, 10 studies,
n = 1212), perinatal mortality (RR 0.89; 95% CI 0.46–1.55, 6 stud-
ies, n = 1174 children) as well as the rate of RDS (RR 0.87; 95% CI
0.71–1.08, 8 studies, n = 1239 children), cerebral pareses, necrot-
ising enterocolitis and transfer to the neonatal intensive care unit.
One point of criticism is that this Cochrane Review included 24
(out of 28) studies prior to 1990 and at that time, induction of
foetal lung maturation with corticosteroids was not a standard
practice. In addition, the target parameters such as preterm deliv-
eries before the 37th week of pregnancy should be looked at crit-
ically, since in many countries, no tocolysis is given starting from
34 + 0 weeks of pregnancy. Certain morbidities such as RDS are
especially relevant in the case of an early gestational age and
therefore can also, depending on the study collective (e.g. large
percentage of pregnancies beyond week 30) still demonstrate sig-
nificances with difficulty.

Beta sympathomimetics do not influence the long-term devel-
opment of the child (overview in [28]). In twin pregnancies, the
prophylactic administration of beta sympathomimetics does not
decrease the rate of preterm deliveries < 37 weeks [29]. According
to a Cochrane Review from 2012 [30] which included 13 random-
ised, controlled studies (n = 1551), the oral use of beta sympatho-
mimetics following initial tocolysis in comparison to placebo/no
treatment does not lead to any significant decrease in the rate of
preterm delivery < 37 weeks (RR 1.11; 95% CI 0.91–1.35) or to any
decrease in the transfer rate of children to the neonatal intensive
care unit (RR 1.28; 95% CI 0.68–2.41).

Based on the pharmacological effects with an increase in heart
rate and cardiac output as well as peripheral vasodilatation, beta
sympathomimetics are above all burdened with adverse cardio-
vascular effects in up to 80% of cases [27]: significantly higher in-
cidence of palpitations (RR 10.11; 95% CI 6.56–15.58), tachycar-
dia (RR 4.08; 95% CI 1.55–10.73), chest pain (RR 11.3; 95% CI
3.8–33.46), dyspnoea (RR 3.86; 95% CI 2.21–6.77) and head-
aches (RR 4.1; 95% CI 2.6–6.35) in comparison to placebo. In ad-
dition, there are neurological symptoms, particularly tremors (RR
10.74; 95% CI 6.2–18.6), inner restlessness/anxiety and insomnia.
Metabolic adverse effects involve, in particular, hyperglycaemia
and hypokalaemia.

According to a prospective cohort study [31], the rate of seri-
ous, primarily maternal adverse effects is 1.7% and thus around
3.8 times higher in comparison to other tocolytics. Overall, the
therapy discontinuation rate is between 6 and 38% (RR 11.38;
95% CI 5.2–24.9) [21, 27].

The most serious complication of beta sympathomimetics is
pulmonary oedema in approx. 0.3% of pregnant women to the
point of maternal death in individual cases [21]. The decrease in
diastolic cardiac filling in tachycardia promotes the development
of pulmonary oedema, particularly in unbalanced and increased
volume replacement, concomitant corticosteroid administration,
preeclampsia, blood transfusions and multiple pregnancies [32].
In comparison to the continuous application of beta sympathomi-
metics (fenoterol), bolus tocolysis with fenoterol has a signifi-
cantly lower rate of maternal adverse effects [33].
1248
No teratogenic effects are known for beta sympathomimetics;
they cross the placental barrier and can therefore lead to foetal
tachycardia (in up to 28% of cases), limitations in heart sound var-
iability as well as neonatal hyperinsulinaemia/hypoglycaemia.

CONCLUSION FOR CLINICAL PRACTICE

▪ Approved for tocolysis

▪ Effective for prolonging the pregnancy by 48 h (7 days)

▪ Unfavourable adverse effect profile of all tocolytics and the

highest therapy discontinuation rate

▪ Immobilisation of the pregnant woman in the case of par-

enteral use

▪ Significant monitoring needed (e.g. ECG, laboratory test-

ing), close circulatory monitoring necessary (see [1])

In current guidelines, beta sympathomimetics are no longer rec-
ommended for tocolysis [18,22,24].
NO donors
The transdermal application of nitroglycerin (patches, 10mg/
24 h) was considered for some years to be a new, innovative meth-
od for tocolysis since it is effective, has few side effects, is easy to
apply and cost-efficient. While NO donors were not mentioned in
the 2009 meta-analysis of Haas et al. [25], the 2012 network
meta-analysis [26] classified NO donors as the least effective toco-
lytics in comparison to placebo for prolonging delivery by 48 hours
(RR 1.19; 95% CI 0.64–5.33).

A meta-analysis from 2013 (13 randomised, controlled studies,
n = 1302) was not able to show any significant differences in two
studies with a small number of cases (total n = 186) between
transdermal nitroglycerin and placebo with regard to prolonga-
tion of pregnancy by 48 hours [34]. However, transdermal nitro-
glycerin, in comparison to beta sympathomimetics (9 studies,
n = 1024) led to a significant reduction in the rate of preterm de-
livery < 34 weeks of pregnancy (20 vs. 28%, RR 0.71; 95% CI 0.51–
0.99) and < 37 weeks of pregnancy (44 vs. 57%, RR 0.76; 95% CI
0.60–0.96) without an influence on neonatal morbidity. More-
over, transdermal nitroglycerin had a significantly lower rate of
maternal adverse effects except for headaches and hypotension.
Two other randomised, controlled studies compared transdermal
nitroglycerin with nifedipine and magnesium sulphate without
significant differences with regard to prolongation of pregnancy
by 48 hours. The meta-analysis came to the conclusion that the
evidence for the use of transdermal nitroglycerin for tocolysis is
insufficient [34]. A Cochrane Review from 2014, which also came
to comparable results and conclusions [35], included 12 random-
ised, controlled studies with 1227 pregnant women with the indi-
cation that the studies have inadequate statistical power with re-
gard to most variables.

In current international guidelines, NO donors are not men-
tioned for tocolysis or are not recommended [1,3,18,22,24].
Rath W and Kehl S. Acute Tocolysis –… Geburtsh Frauenheilk 2018; 78: 1245–1255



CONCLUSION FOR CLINICAL PRACTICE

▪ Not approved for tocolysis (off-label use)

▪ More effective in comparison to beta sympathomimetics

with regard to prolongation of pregnancy by 48 hours

▪ Possibly decreased acceptance due to high rate of head-

aches

▪ Inadequate data, no recommendation in international

guidelines
Cyclooxygenase Inhibitors
The nonspecific cyclooxygenase inhibitor indomethacin (initial
dosage 50–100mg oral or rectal, followed by 25–50mg every
4–6 h) is used most frequently for tocolysis and is the only toco-
lytic with an anti-inflammatory effect. According to a 2009 meta-
analysis [25], delivery was postponed by 48 hours in 93% of cases
and over 7 days in 76% of cases with indomethacin < 32 weeks of
pregnancy, however the low number of pregnant women in-
cluded (n = 442) limits the significance of this meta-analysis.

A subsequent network meta-analysis from 2012 [26] which in-
cluded 18 studies (1980–2007) showed that COX inhibitors were
the most effective tocolytics for prolonging pregnancy by
48 hours in comparison to placebo (OR 5.39; 95% CI 2.14–12.34)
– with concomitantly the lowest rate of maternal adverse effects
and good neonatal outcome (see ▶ Table 1). It is surprising that a
Cochrane Review from 2015 [36] which included 20 randomised,
controlled studies (n = 1509) from 1980–2012, 15 of which were
studies with indomethacin, found different results although the
same studies, for the most part, were evaluated. In this Cochrane
Review, no significant decrease in the rate of premature delivery
▶ Table 1 Network meta-analysis of 95 randomised, controlled studies (198

Tocolytics Prolonga-
tion of preg-
nancy 48 h+

Probability
of being
best

Neonatal
mortality*

Proba
of be
best

Betamimetics 2.41
(1.27–4.55)

0.01 0.62
(0.14–2.48)

0.12

PG inhibitors 5.39
(2.14–12.34)

0.83 0.62
(0.04–4.63)

0.28

Calcium channel
blockers

2.71
(1.17–5.9)

0.06 0.39
(0.09–1.5)

0.41

Magnesium
sulphate

2.76
(1.58–4.94)

0.02 0.97
(0.3–3.3)

0.03

Atosiban 2.02
(1.1–3.8)

0.01 0.62
(0.16–2.35)

0.13

NO donors 1.91
(0.64–5.33)

0.04 No infor-
mation

–

+ Odds ratio > 1 favour active class

* Odds ratio < 1 favour active class
# Odds ratio > 1 favour placebo

Conclusion: Indomethacin and calcium channel blockers have the highest probab

Haas DM et al. BMJ 2012; 345: e6226 [26]
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< 48 hours was able to be demonstrated in comparison to placebo
(3 studies, n = 102) (RR 0.20; 95% CI 0.03–1.28). In comparison to
beta sympathomimetics, COX inhibitors led to a significant de-
crease in the preterm delivery rate < 48 hours (RR 0.27; 95% CI
0.08–0.96) and to a greater decrease in the preterm delivery rate
< 37 weeks of pregnancy (RR 0.53; 95% CI 0.28–0.99; 4 studies,
n = 180) without an impact on neonatal morbidity and mortality.
Compared to beta sympathomimetics, COX inhibitors had signifi-
cantly lower rates of maternal adverse effects (RR 0.19; 95% CI
0.11–0.31; 5 studies, n = 248) and a lower rate of discontinuation
of therapy (RR 0.39; 95% CI 0.25–0.62; 5 studies, n = 635).

The Cochrane Review concludes that because of the low num-
ber of cases in studies, the insufficient information on the safety
profile and long-term consequences, the evidence for the use of
COX inhibitors for tocolysis is not sufficient.

COX inhibitors rapidly cross the placental barrier and lead to in-
hibition of foetal prostaglandin synthesis with potential conse-
quences for the foetus: as a result of an increased vasopressin ef-
fect with decrease in the renal blood flow [37], there can be de-
creased urine production (rarely to the point of renal failure) fol-
lowing indomethacin in foetuses, resulting in oligohydramnios in
5–15% of cases, and even in up to 70% of cases in the case of use
for more than 72 h [38]. After stopping indomethacin, the
amount of amniotic fluid should normalise once again within 24
(− 96) h [39]. According to the recommendations of the European
Association of Perinatal Medicine 2017 [1] the amount of amni-
otic fluid should be checked prior to starting therapy and after
48–72 h. Indomethacin should only be given if there is a normal
amount of amniotic fluid and if oligohydramnios occurs, it should
be discontinued or at least the dose should be reduced [1].

To avoid premature closure of the ductus arteriosus, it is rec-
ommended to administer COX inhibitors only up to the 32nd
2–2012). Placebo as reference: median OR (95% CI).

bility
ing

RDS* Probability
of being
best

Maternal
adverse ef-
fects#

Probability
of being
best

0.85
(0.5–1.45)

0.14 22.68
(7.5–73.7)

< 0.01

0.87
(0.4–1.75)

0.20 1.63
(0.4–6.85)

0.21

0.71
(0.37–1.43)

0.47 3.50
(1.0–16.9)

0.01

0.99
(0.55–1.7)

0.03 8.15
(2.47–27.7)

< 0.01

0.89
(0.55–1.37)

0.10 1.99
(0.61–6.94)

0.08

No infor-
mation

– 3.2
(0.4–20.84)

0.10

ility of delaying delivery and improving neonatal and maternal outcome
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week of pregnancy for 48 hours. Under these conditions, only one
case with antenatal closure of the ductus arteriosus was identified
among 403 pregnant women with indomethacin exposure [40,
41]. Prior to 32 weeks of pregnancy, an echocardiographic exami-
nation of the foetal ductus arteriosus with assessment of the tri-
cuspid valve (tricuspid regurgitation) is recommended if treat-
ment lasts > 48 hours [1]. In accordance with this in the Cochrane
Review from 2015 and in a subsequent meta-analysis [42], there
was not found to be an elevated risk of a significant increase in
neonatal mortality or the rate of RDS, bronchopulmonary dyspla-
sia, patent ductus arteriosus and pulmonary hypertension or in-
traventricular bleeding of all levels of severity. However, in the
meta-analysis [42] which included 27 observational studies,
(n = 1731) there was a significantly increased risk of
▪ Intraventricular bleeding, grade III/IV RR 1.29 (95% CI 1.06–

1.50),
▪ necrotising enterocolitis RR 1.36 (95% CI 1.08–1.71) and
▪ periventricular leucomalacia RR 1.59 (95% CI 1.17–2.17).

However, in this meta-analysis, there was no information provided
on the dosage and duration of the indomethacin administration
and also no details given on the percentage of pregnant women
who received antenatal induction of lung maturation with cortico-
steroids. Likewise, it should be taken into account that indometh-
acin was/is used in the very early weeks of pregnancy in which the
previously described complications naturally occur more fre-
quently.

CONCLUSION FOR CLINICAL PRACTICE

▪ Off-label use

▪ Easy application, cost-effective

▪ Use only until 32 weeks of pregnancy for 48 hours

▪ Indications of increased neonatal morbidity (severe intra-

ventricular bleeding, necrotising enterocolitis, periventric-

ular leucomalacia): inform paediatrician of administration!

▪ Varying recommendations (controversial data, to some ex-

tent)

– not recommended/insufficient data: Cochrane Review

2015 [36], Hammers et al. 2015 [42], Nijman et al.

2016 [5]. WHO Recommendations 2015 [24]

– recommended with restrictions: Navathe and Berghella

2016 [17], European recommendations 2017 [1]

– recommended: among others: 2009 meta-analysis

[25], 2012 network meta-analysis [27], ACOG Practice

Bulletin 2016 [3]
Magnesium Sulphate
The data on magnesium sulphate as a tocolytic are controversial.
According to the meta-analysis from 2009 [25], a prolongation of
pregnancy by 48 hours can be achieved in 89% of cases with mag-
nesium sulphate and by up to 7 days in 61%. A network meta-
analysis from 2012 [26] which included 29 studies confirmed the
high tocolytic efficacy of magnesium sulphate for prolonging
pregnancy by 48 hours (OR 2.76; 95% CI 1.58–4.94) without influ-
1250
encing neonatal mortality (OR 0.97; 95% CI 0.29–3.29). However,
in a probability analysis, this work concluded that magnesium sul-
phate is not the most effective tocolytic with the fewest adverse
effects. Contrary results were seen in the Cochrane Review from
2014 [43] which included 37 studies with 3571 pregnant women
(period from 1982–2012). This did not reveal any evidence
(4 studies) that magnesium sulphate, in comparison to placebo/
no treatment, is more effective for prolonging pregnancy by
48 hours (RR 0.57; 95% CI 0.28–1.15) and increasing the gesta-
tional age until delivery. In addition, a borderline increase in cases
of perinatal/neonatal death following magnesium sulphate was
seen (risk ratio 4.56; 95% CI 1.00–20.86, 2 studies, 257 children).
According to this, the Cochrane Analysis concluded that magne-
sium sulphate is ineffective for prolonging pregnancy or avoiding
preterm delivery. With regard to these controversial results, it is
interesting that the network meta-analysis (2012) and the Co-
chrane Review (2014) evaluated nearly the same studies covering
a comparable period – in the Cochrane Review, only one study
after the period covered by the network meta-analysis was in-
cluded [44].

The myometrium-relaxing effect of magnesium sulphate as
well as the scope and frequency of adverse effects are dose-de-
pendent (overview in [45]). Thus at an initial dose of 4 g and a
maintenance dose of 2 g/hour as an infusion, the rate of success
with regard to prolongation of pregnancy by 48 hours was be-
tween 60–77%; at an initial dose of 6 g followed by 2 (4) g/hour,
it was between 84–94% [46]. In a randomised comparative study
between nifedipine and magnesium sulphate (4 g magnesium sul-
phate initially, followed by 2–4 g as maintenance dose), prolonga-
tion of pregnancy by 48 hours was able to be achieved in 87% of
cases with magnesium sulphate, however the rate of maternal ad-
verse effects – 62% – was high (including 3 cases of pulmonary
oedema) [47]. According to a current retrospective case-control
study (n = 150), magnesium sulphate significantly increases the
risk of pulmonary oedema (adjusted OR 3.51; 95% CI 1.26–9.76;
[48]). This is in line with a Cochrane Review from 2015 on tocoly-
sis with magnesium sulphate at various dosages [49].

According to Elliott et al. [50], magnesium sulphate is equi-
effective to other tocolytics at a sufficiently high dose reaching
magnesium levels between 5.0–8.0mg/100ml (Note: The patel-
lar tendon reflex disappears between 9–13mg/100ml).

Except in the U.S., magnesium sulphate is no longer recom-
mended for tocolysis [51] in current reviews and guidelines [1, 4,
17,22,43,52].
Oxytocin Receptor Antagonists (Atosiban)
The advantage of the selective oxytocin receptor antagonist atosi-
ban approved for tocolysis, in comparison to other “ubiquitously”
effective tocolytics is the primarily uterus-specific effect without a
significant influence on the cardiovascular system, the CNS, the
kidney and the lung as well as without negative metabolic effects
(overview in [53]). With low placental passage of 10–12%, no rel-
evant adverse effects on the foetus/child are known, even after a
2-year observation period. Except for “hypersensitivity to the
drug”, there are no substance-specific contraindications. Disad-
vantages are the i. v. application and associated immobilisation
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of the pregnant woman as well as the drug costs which are signifi-
cantly higher as compared to other tocolytics. A Cochrane Review
from 2014 [54] included 14 studies with 2485 pregnant women
with the following results: oxytocin receptor antagonists (atosi-
ban and barusiban) did not prove to be significantly more effec-
tive, compared to placebo, in prolonging pregnancy by 48 hours
(4 studies, n = 854; RR 1.05; 95% CI 0.15–7.43) and no significant
differences were seen with regard to the rate of preterm delivery
< 37 weeks of pregnancy, perinatal mortality and neonatal mor-
bidity.

In 8 studies (n = 1402) atosiban was compared to beta sympa-
thomimetics; this revealed no significant differences between
both tocolytics with regard to prolongation of pregnancy by
48 hours (RR 0.89; 95% CI 0.66–1.22) as well as perinatal mortal-
ity (RR 0.55; 95% CI 0.21–1.48; 3 studies with 812 children). The
difference in the rate of maternal adverse effects (RR 0.38; 95% CI
0.21–0.68) and treatment discontinuations (RR 0.05; 95% CI
0.02–0.11; 5 studies, n = 1161) was significant. A large prospec-
tive cohort study revealed mild adverse effects in 0.2% of the
pregnant women, but no severe adverse effects (RR 0.07; 95% CI
0.01–0.4; [31]).

In the meta-analysis of Haas et al. from 2009 [25], which in-
cluded 1249 pregnant women, prolongation of pregnancy by
48 hours was achieved in 86% of cases and by 7 days in 78% of
cases. The network meta-analysis from 2012 [26] revealed a sig-
nificant tocolytic effect for atosiban in the prolongation of preg-
nancy by 48 hours (OR 2.02; 95% CI 1.10–3.80) without an influ-
ence on the rate of RDS and perinatal mortality.

Of interest is a prospective, randomised study from Germany
[55] on 105 pregnant women between 24 + 0 to 33 + 6 weeks of
pregnancy in which the pulsatile application of fenoterol was
compared to atosiban at a standard dosage. This revealed no sig-
nificant differences with regard to prolongation of pregnancy by
48 hours (79.8 vs. 86.3%) and by 7 days (66.7 vs. 78.4%). Howev-
er, on fenoterol, adverse cardiovascular effects were observed in
78% of cases and on atosiban in only 4% of cases (treatment dis-
continuation rate 9% versus 0). The data on the comparison of
nifedipine and atosiban for acute tocolysis were unclear since
3 randomised studies with small numbers of cases had controver-
sial results (overview in [56]). This was clarified by the APOSTEL‑III
study, a randomised, controlled study (n = 510) on pregnant
women with regular preterm contractions, a cervical length of
≤ 10mm or a cervical length of 11–30mm and a positive fibro-
nectin test [57]. In this study, 20mg nifedipine were given in the
first hour, followed by 20mg nifedipine sustained-release every
6 h (up to 48 h) and compared to a standard dosage of atosiban.
No significant differences were seen between nifedipine and ato-
siban with regard to prolongation of pregnancy by ≥ 48 hours (68
vs. 66%) and by 7 days (51 vs. 45%), no significant differences
with regard to perinatal mortality (5 vs. 2%) and neonatal morbid-
ity (14 vs. 15%); given a higher rate of maternal adverse effects,
the treatment discontinuation rate following nifedipine was not
significantly higher (6 vs. 3%).
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CONCLUSION FOR CLINICAL PRACTICE

▪ Approved (not in the USA)

▪ Tocolytic efficacy comparable to beta sympathomimetics

and nifedipine

▪ Associated with few adverse effects for mother and child

▪ Intravenous application and immobilisation necessary

▪ High drug costs

▪ Recommendations: particularly in the case of contraindi-

cations to nifedipine and indomethacin [18] or as a first-

line tocolytic [1], suitable tocolytic in the case of pre-exist-

ing metabolic and cardiovascular diseases in the mother

[23]
Calcium Channel Blockers (e.g. Nifedipine)
Nifedipine is used most frequently (half-life 2–3 hours, maximum
plasma concentration after a 10-mg tablet 30–60min); it is not
approved for tocolysis. The dosage recommendations differ, e.g.
▪ NICE 2015 [18]: initially 20mg oral, followed by 10–20mg

three to four times daily, depending on uterine activity (see al-
so [24]).

▪ ACOG 2016 [3]: 30mg nifedipine initially, then 10–20mg
every 4–6 h.

Dose-dependent adverse effects such as flushing, headaches, diz-
ziness, palpitations, tachycardia and hypotension may occur. The
rate of serious maternal adverse effects is 0.9% and is significantly
higher than after atosiban; the rate of treatment discontinuation
as a result of marked hypotension is < 0.5% [31] and isolated cases
with intrauterine death have been described in this connection
[58,59] whereby a causal connection must be critically scruti-
nised.

Caution is needed in the case of pre-existing cardiac diseases
and pre-existing hypotension: The use of slow-release prepara-
tions can lead to maternal hypotension which persists for hours
[60] and the sublingual application of nifedipine can lead to sud-
den and rapid decreases in blood pressure with consecutive foetal
hypoxia [61].

According to a meta-analysis from 2010 [62], an approxi-
mately 4-fold increase in maternal adverse effects should be ex-
pected if a daily dose of > 60mg is exceeded (OR 3.78; 95% CI
1.27–11.2); in particular, there is a three-fold increase in tachycar-
dia and an 8- to 9-fold increase in hypotension which can have
serious consequences for the patient with cardiac problems. Iso-
lated cases of myocardial infarcts have been published [63], how-
ever also of pulmonary oedema, above all, following nicardipine
and also following nifedipine at daily dosages ≥ 150mg in connec-
tion with multiple pregnancies, intramuscular corticosteroid ad-
ministration and high volume replacement [63].

Calcium channel blockers do not have any significant negative
effects on the child, also not on utero-foetoplacental circulation,
in particular [64].
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Long-term investigations on children following in-utero expo-
sure with nifedipine did not reveal any negative effects in children
aged 9–12 years [65].

According to a meta-analysis of Conde-Agudelo et al. in 2011
(26 studies, n = 2124; [66]) in 2014, a Cochrane Review [67] was
published which took 38 studies (n = 3550) into account, 35 of
which were with nifedipine. The significant heterogeneity and
the quality of the studies, which is to some extent low, should be
pointed out. In comparison to placebo/no therapy (2 studies,
n = 173) there was a significant decrease in the rate of preterm de-
livery within 48 hours (RR 0.30; 95% CI 0.21–0.43) with an in-
creased rate of maternal adverse effects. Calcium channel block-
ers demonstrated significant advantages over beta sympathomi-
metics: a prolongation of pregnancy by a median of 4.4 days, a
decrease in the rate of preterm delivery < 32 weeks of pregnancy
(RR 0.89; 95% CI 0.80–0.89), the rate of RDS (RR 0.64; 95% CI
0.48–0.86), of necrotising enterocolitis (RR 0.25; 95% CI 0.05–
0.96), of intraventricular haemorrhage (RR 0.53; 95% CI 0.34–
0.84) as well as admissions to the neonatal intensive care unit
(RR 0.74; 95% CI 0.63–0.87). Moreover, there was a significantly
lower rate of maternal adverse effects (RR 0.36; 95% CI 0.24–
0.53). The studies comparing calcium channel blockers to magne-
sium sulphate, NO donors and indomethacin are inadequate.

In the meta-analysis from 2009 [25] delivery was able to be
postponed by 48 hours with calcium channel blockers in 66% of
cases and by 7 days in 62% of cases. According to the network
meta-analysis from 2012 [26], calcium channel blockers are the
most effective tocolytic, after indomethacin, for postponing deliv-
ery by 48 hours, with a low rate of maternal adverse effects and
good neonatal outcome.
▶ Table 2 Overview: common tocolytics.

Tocolytics Approved Prolongation
of pregnancy*
by 48 h

Adverse
effects –
mother

Beta sympathomimetics
(continuous i. v.)

+ ++ +++

Indomethacin – ++(+) (+)

Atosiban + ++ (+)

Magnesium sulphate – Controversially
dose-dependent

Dose-depen
dent ++

Calcium channel blockers
(nifedipine)

– ++(+) +

NO donors – ++ ++

*evaluated according to meta-analyses of Haas et al. 2009 and 2012 [25,26]

To some extent no direct comparative studies

Preference: Nifedipine, indomethacin < 32 weeks of pregnancy (48 h) (off-label u
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CONCLUSION FOR CLINICAL PRACTICE

▪ Not approved

▪ Simple application mode

▪ High tocolytic efficacy, equieffective to beta sympathomi-

metics and atosiban

▪ Low rate of maternal adverse effects

▪ No negative effects on the foetus/newborn, no negative

long-term effects on the child

▪ Recommended as first-line tocolytic: NICE 2015 [18], WHO

2015 [24], French guideline 2017 [22]

An overview of the tocolytics currently used can be found in
▶ Table 2.
Discussion
Next to induction of labour, tocolysis is among the most common
obstetric interventions. The lack of current, randomised, con-
trolled and, above all, placebo-controlled studies is noteworthy,
and despite efforts regarding innovative new developments, the
stagnation in the clinical approval and availability of new toco-
lytics. Taking the current indications for tocolysis into account –
not only to treat the symptom of “preterm contractions” but only
those which have an effect on the cervix – placebo-controlled
studies should, for understandable reasons, be a thing of the past.
The implementation of randomised, controlled studies has be-
come increasingly more difficult not only in Germany in recent
years. The recruitment of a sufficiently high number of “study par-
ticipants” has, among other things, also become more difficult,
particularly in the case of off-label use of the tocolytic (only feno-
terol and atosiban are approved) in light of the pregnant womenʼs
increased need/desire for information, given a rapid increase in
easily accessible sources of information, resulting in uncertainty
or even a refusal of the pregnant women to take part in studies.
Adverse
effects –
child

Mode of
application

Amount of
monitoring
needed

Drug costs

++ i. v. high moderate

+(+) rectal/oral low very low

– i. v. low high

- ++ i. v. moderate moderate

(+) oral low very low

– transdermal low low

se); Atosiban: approved
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The legal and bureaucratic hurdles for conducting randomised-
controlled studies have grown, while at the same time, there has
been a significant decrease in third-party funding for obstetrical
clinical studies and the financial support of the industry for stud-
ies in which affordable drugs which have already been introduced
and are established in other areas of indication are used. As our
own research revealed, the manufacturer of nifedipine, for exam-
ple, is not interested in conducting costly placebo-controlled
studies as a precondition for approval during pregnancy in the
case of such a “low-price product”. It is therefore hardly surprising
that, since 2016, no randomised, controlled studies on acute to-
colysis with indomethacin and only one randomised, controlled
study on acute tocolysis with nifedipine has been published; ac-
cording to PubMed research, there have also been no new studies
on atosiban since 2014.

Another problem is the inconsistent and, to some extent, con-
troversial data on the use of tocolytics. The small amount of evi-
dence, particularly of the serious maternal adverse effects of to-
colytics and the neonatal morbidity and mortality from Cochrane
and meta-analyses, primarily stems from the considerable hetero-
geneity (e.g. different indications, inclusion of pregnant women
with advanced gestational age, no antenatal induction of lung
maturation and no in-utero transfer to a perinatal centre, cumula-
tive data for different forms of application and dosages) and the
mostly moderate to low quality of the studies included as well as
the inadequate statistical power for rare, serious complications or
perinatal/neonatal death. For these reasons, meta-analyses have
been unable to prove to date that tocolytics are able to reduce
the serious neonatal morbidity and mortality. On the other hand,
it should be understandable that, through prolongation of preg-
nancy by 48 hours which can be achieved with tocolytics in ap-
proximately 80% of cases which enables completion of induction
of foetal lung maturation and the in-utero transfer to a perinatal
centre as well as the implementation of foetal neuroprotection
with magnesium sulphate, especially before the 30th week of
pregnancy, a decrease in the serious neonatal morbidity and mor-
tality can be reached. Upon critical review, it is also striking that
Cochrane and meta-analyses, despite including nearly identical
studies, arrive at contrary statements (e.g. magnesium sulphate:
Cochrane Review 2014 versus network meta-analysis 2012) and in
addition, predominantly “older” studies published before the turn
of the millennium influence the results in which the above-men-
tioned evidence-based measures were not yet standard. For ex-
ample, in the Cochrane Review from 2015 [36] on the COX inhib-
itors which covered 20 studies, 12 studies were published prior to
2000; in the Cochrane Review by Crowther et al. [43] on magne-
sium sulphate as a tocolytic, 25 of 37 studies were published prior
to 2000. The uncertainty of the data is also reflected by the fact
that nearly unanimously at the end of current reviews and meta-
analyses, there is a call for additional placebo-controlled or ran-
domised, controlled studies which, however, are clearly not being
performed.

Independent of the insufficient data and lack of evidence, par-
ticularly with regard to the improvement in neonatal outcome,
and this is a priority, drug tocolysis is and remains an indispensa-
ble measure in everyday obstetrical practice. To date, there is no
“ideal” tocolytic. In the authorsʼ opinion, nifedipine and atosiban
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are suitable tocolytics with regard to efficacy, adverse effect pro-
file and effects on the child. Indomethacin is a potent tocolytic
with anti-inflammatory effects and a low rate of maternal adverse
effects and should be justified, especially in early preterm delivery,
however it is not clear whether or not indomethacin leads to an
increase in foetal complications.

Beta sympathomimetics should no longer be used for tocolysis
due to the high rate of maternal and foetal adverse effects and
magnesium sulphate should not be used due to the controversial
study results and the adverse effect profile at a high dose.
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