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Abstract

Introduction Maintenance tocolysis, mostly defined as the continuation of tocolytic treatment beyond 48 h, remains a matter
of debate. There is no sufficient evidence from randomized controlled trials, that maintenance tocolysis is able to prolong
pregnancy significantly and to reduce severe neonatal morbidity and mortality. Hence, it is not recommended in current
guidelines. On the contrary, maintenance tocolysis is commonly used in clinical practice and subject of current clinical-
scientific investigations.

Tocolytics for maintenance treatment None of the conventional tocolytics (beta-sympathomimetics, calcium-channel block-
ers, magnesium, cyclooxygenase inhibitors, and oxytocin receptor antagonists) have proven to be appropriate for maintenance
treatment. Progesterone and 17-a-hydroxyprogesterone caproate have shown promising results in low-quality randomized
trials, but not in high-quality studies.

Discussion Basically, the value of studies regarding maintenance tocolysis is limited by a considerable heterogeneity, its
mostly low quality, significant differences in methodology as well as the inadequate statistical power due to the small number
of women studied. So far, maintenance tocolysis is a case-by-case decision outweighing the benefits and harms of tocolytic

treatment.
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Introduction

The World Health Organization (WHO) defines preterm
birth (PTB) as deliveries before 37 completed weeks of ges-
tation or fewer than 259 days from the first day of a woman's
last menstrual period [1]. PTB, which occurs in 5-18% of
pregnancies is the major reason for neonatal morbidity and
mortality and ranks second concerning death in infancy
under the age of 5 years [2—4]. Due to immatureness, PTB
newborns are prone to diverse organ failures [e.g., respira-
tory distress syndrome (RDS), chronic lung disease (CLD),
neonatal sepsis (NNS), necrotizing enterocolitis (NEC),
etc.] and neurodevelopmental disabilities [e.g., cramping
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seizures, intraventricular hemorrhage (IVH), periventricular
leukomalacia (PVH), etc.]. Spontaneous PTB is considered
a complex “syndrome”, which is triggered by various patho-
logical features, causing 70% of all PTBs [4, 5].

The prevention and treatment of PTB still remain one
of the major challenges in obstetrics. While acute tocoly-
sis over 48 h is an established “symptomatic” procedure to
complete antenatal corticosteroid (ACS) administration and
to enable the patient”s transfer to a tertiary perinatal centre,
maintenance tocolysis is still a matter of debate. Although
there exists no international uniform definition, maintenance
tocolysis is mostly understood to mean the continuation of
tocolytic treatment beyond 48 h. The rationale is to prolong
pregnancy at least until 33 + 6 weeks of gestation to prevent
severe neonatal morbidity and mortality [6—8].

It should be kept in mind that preterm contractions persist
in 20-30% of pregnant women after acute tocolysis (48 h)
and up to 60% experience the recurrence of preterm contrac-
tions after arrested labor following initial tocolytic therapy

[9].
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Due to the lack of evidence from randomized controlled
trials (RCT) that maintenance tocolysis improves neonatal
outcomes current guidelines do not recommend mainte-
nance treatment [6, 9—12]. Nevertheless, it is commonly
used in clinical practice and the subject of current clinical
investigations.

Up to now, more than a dozen of different tocolytics and
their modes of application have been studied. The aim of this
review is to systematically reevaluate the current literature
on maintenance tocolysis focusing on the different tocolytics
used (Table 1).

Tocolytics for maintenance treatment
Beta-sympathomimetics

This substance class is approved for tocolysis in most coun-
tries worldwide. The most frequently used beta-sympathom-
imetic agent for tocolysis is terbutaline, a f,-selective recep-
tor agonist, which is capable of reducing uterine contractions
by a cAMP-protein kinase-myosin light-chain kinase path-
way [7, 13].

In Germany, fenoterol is the beta-mimetic of choice. It
is administered as prolonged intravenous infusion, requir-
ing hospitalization, immobilization, and close surveillance
due to the high rate of cardiovascular and metabolic side
effects, which applies to all beta-mimetics. If fenoterol is
administered in a pulsatile manner, maternal side effects are
decreased [14, 15].

Numerous studies have investigated the effectiveness
of maintenance therapy with p-receptor agonists in dif-
ferent application modes. A 2006 Cochrane meta-analysis

Table 1 Classes and substances for maintenance tocolysis

summarized the evidence of oral beta-mimetics for main-
tenance therapy in threatened PTB. This review included
13 RCTs and 1551 women. PTB rate < 37 weeks of gesta-
tion was not reduced in 6 trials (risk ratio (RR) 1.11, 95%
confidence interval (CI) 0.91-1.35, 644 patients), 4 studies
compared ritodrine with placebo/no treatment, and 2 tri-
als compared terbutaline with placebo/no treatment. NICU
admission rate was not different between treatment and pla-
cebo (RR 1.28,95% CI 0.68-2.41, 2600 patients) or magne-
sium (RR 0.80, 95% CI 0.43-1.46, 137 patients). Moreover,
beta-mimetics did not reveal significant benefits concern-
ing neonatal morbidity and mortality when compared to
placebo, no treatment or other tocolytic agents. Because of
potential maternal side effects, e.g., tachycardia, palpita-
tions, tachypnea, hypotension, nausea/vomiting, hypergly-
cemia, and lack of evidence the authors concluded that oral
beta-sympathomimetics should not be used for maintenance
tocolysis [16].

An interesting approach for parenteral beta-sympath-
omimetic maintenance tocolysis was the introduction of
a subcutaneous terbutaline pump in the late 1980ies [17].
The rationale of this method is to avoid tachyphylaxis—the
most important problem, when beta-mimetics are given for
a longer period (> 48 h)—inconsistent drug levels and lack
of compliance [18-20]. The last Cochrane review on the
effectiveness of terbutaline-pump maintenance tocolysis
for prevention of PTB was published in 2002 and included
only 2 studies with 94 patients. Compared to saline-pla-
cebo-pump the mean difference of gestational age at deliv-
ery was 0.14 weeks lower under terbutaline-pump therapy
(95% CI 1.66-1.38), but 1.4 weeks higher compared to oral
terbutaline (95% CI 1.13-3.93). There was no reduction
of PTB <37 week gestation (RR 1.17, 95% CI 0.79-1.73)

Substance class Administration-mode  Substance PTB rate- Improvement Side-effect risk Recommendation for
reduction of neonatal maintenance tocolysis
outcomes
Beta-sympathomi- Oral parenteral: bolus, Terbutaline, ritodrine  No No High Not recommended
metics pump Terbutaline, fenoterol, No No High Not recommended
ritodrine
Calcium-channel Oral Nifedipine No No Intermediate Case-by-case decision
blockers
Cyclooxygenase Oral/rectal/vaginal Indomethacin No No Intermediate Case-by-case decision
inhibitors
Magnesium Oral/parenteral Magnesium sulfate No No Intermediate ~ Not recommended
Nitric oxide donors Transdermal Nitroglycerine No No High Not recommended
Oxytocin receptor Parenteral Atosiban No No Low Not recommended
antagonists
Progesterone Oral/vaginal intramus- Micronized proges- No No Low Not recommended
cular terone No No Low Not recommended

17-Alpha-hydroxypro-

gesterone caproate
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and PTB < 34 week gestation (RR 0.97,95% CI 0.51-1.84)
for terbutaline pump vs. saline-placebo-pump. Further-
more, terbutaline pump neither improved compliance nor
reduced neonatal morbidity and mortality [19]. An in depth
review by Elliott and Morrison in 2013 [21] analyzed 46
peer-reviewed published studies [17, 18, 22—-64] reporting
on terbutaline-pump maintenance tocolysis for PTB treat-
ment. [t was stated, that 44 of these studies including 21,595
patients, who received subcutaneous terbutaline mainte-
nance tocolysis, showed higher gestational age at delivery,
less adverse neonatal outcomes, and a reduction of financial
expenses when compared to placebo or other treatments.
Nevertheless, the evidence is low, since the review included
26 level 11, 17 level III studies and only one level I study.
Controversially, there were 2 level I studies, which did not
find any differences between terbutaline pump and placebo.
Elliott and Morrison questioned the methodology of both
trials, because maintenance therapy was not adequately
assessed, as it is administered in daily obstetrical routine (no
uterine contraction monitoring, fixed dosages of tocolytic
agents regardless maternal body weight and renal function)
[21].

As serious maternal complications, e.g., pulmonary
edema, cardiac arrhythmias and even cases of death caused
by fatal hyperkalemia had been reported, US Food and Drug
Administration (FDA) addressed a warning letter to health
care providers in concerns of injectable terbutaline tocoly-
sis and recommended to avoid prolonged treatment beyond
48-72 h [19, 21]. In Germany, a similar warning letter was
published by the manufacturing company addressing the use
of fenoterol beyond 48 h (“Rote Hand Brief”).

Thus, in synopsis with lack of supporting evidence on
the effectiveness of this procedure, parenteral beta-sympa-
thomimetic maintenance tocolysis should no longer be used
in obstetrical practice.

Calcium-channel inhibitors

The most commonly used and best investigated calcium-
channel inhibitor is nifedipine, which was already described
in 1980 to be a tocolytic drug with low maternal side effects
[65, 66].

Its mechanism of action—supported by in vitro experi-
ments—is the inhibition of an extracellular Ca** shift into
myometrial cells, following relaxation of smooth muscles
[66, 67]. Nifedipine is not approved for tocolytic therapy.
Nevertheless, it is the most commonly used tocolytic agent
in Germany for acute tocolysis [68]. While there is mount-
ing evidence on its efficacy for acute tocolysis, maintenance
treatment with nifedipine is questionable [69].

A 2013 Cochrane meta-analysis [70] including 6 trials
with low risk of bias, evaluated nifedipine maintenance
tocolysis within 794 study subjects. Neither a reduction of

PTB incidence (RR 0.97, 95% CI 0.87-1.09, 681 patients)
nor of neonatal mortality (RR 0.75, 95% CI 0.05-11.76,
133 patients) was found with nifedipine maintenance ther-
apy compared to placebo/no treatment. Although a signifi-
cant prolongation of pregnancy was achieved by a mean of
5.35 days (95% C1 0.49-10.21, 275 patients) within delivery
subgroups < 34 and <28 week gestation, there was no dif-
ference in giving birth within 7 days or gestational age at
delivery when using nifedipine for maintenance treatment.
Moreover, there were no benefits of nifedipine in the reduc-
tion of neonatal morbidity [70].

The Dutch multicenter, double-blind, placebo-controlled
APOSTEL-II trial [69] included 406 patients between 26+ 0
and 32 + 2 weeks of gestation after arrested labor and com-
pletion of ACS administration. A total of 201 women were
randomized to maintenance tocolysis with oral slow-release
nifedipine (80 mg/day) and 205 to placebo for 12 days.
Patients, investigators, clinicians, and nurses were blinded
for assigned treatment. Pediatric charts were followed
up until 6 months after birth. Composite adverse perina-
tal outcome (perinatal death, CLD, NNS, IVH > grade 2,
PVL > grade 1, NEC) did not differ statistically significant
between both groups (11.9% nifedipine, 95% CI 7.5-16.4%
vs. 13.7% placebo, 95% CI 9.0-18.4%). Moreover, there
were no differences in mean gestational age at delivery
(34.1 weeks, standard deviation (SD) 4.0 vs. 34.2 weeks, SD
4.0), mean birth weight (2047 g, 95% CI 1950-2149 g vs.
2035 g, 95% CI 1938-2139 g), NICU admission rate (40.8%
vs. 39.7%, RR 0.99, 95% CI 0.78-1.3), length of NICU
stay (10 days for both groups, incidence rate ratio (IRR)
0.92, 95% CI 0.70-1.2), breathing aid (2 days vs. 3 days,
IRR 0.74, 95% CI 0.43-1.3), and total hospital admission
(23 days for both groups, IRR 0.97, 95% CI 0.82-1.1). In
addition, subgroup analyses of patients randomized between
26+0-27+6, 28+0-29+6 and 30+ 0-32+ 1 week gesta-
tion showed no advantages of nifedipine maintenance toco-
lysis regarding perinatal mortality, composite adverse peri-
natal outcome, gestational age at delivery, and birth weight
[69]. A later study on the APOSTEL-II data by De Lange
et al. [71] analyzed the length of hospital stay of all subjects,
who were admitted with threatened PTB < 32 week gestation
to participating perinatal centers. Interestingly, mean length
of hospital stay was significantly different before the start of
the trial (9.3 days, 95% CI 8.98-9.62) compared to recruit-
ment period (8.4 days, 95% CI 8.05-8.83) and time after the
trial (8.1 days, 95% CI 7.64-8.61). This reduction in hospital
stay was explained by the psychological upheaval of patients
through “treatment” [8, 71].

The New Zealand NIFT Y-trial [72], another multicenter,
double-blind, placebo-controlled study included 60 patients
in threatened PTB between 24 +0-33 + 6 week gestation
with positive fetal fibronectin (fFN) testing. A total of 29
patients were randomized to nifedipine (20 mg/8 h up to a
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maximum of 160 mg/24 h) and 31 women to placebo. The
dosage of acute and maintenance tocolysis was similar, and
medication was continued until 36+ 6 weeks of gestation.
Prolongation of pregnancy > 7 days was achieved in 76% of
patients with nifedipine and 81% with placebo (RR 0.94,
95% CI 0.72-1.2). Mean gestational age at delivery was
0.7 weeks higher in the placebo group (36.1 weeks, SD 5.1
vs. 36.8 weeks, SD 3.6). Moreover, neonates of the nifedi-
pine group showed a higher rate of NICU admissions (27.6%
vs. 22.6%, RR 1.2, 95% CI 0.51-2.9), a mean of 11 days
longer NICU stays (27 days, interquartile range (IQR) 24-41
vs. 16 days, IQR 8-37) and one case of perinatal death (RR
3.2,95% CI1 0.14-75) [72].

Roos et al. [73] stratified women with threatened PTB
into a high-risk and low-risk-population using fFN testing
(fFN positive or fEN negative), cervical length (CL) meas-
urements (CL <15 mm or CL > 15 mm) and evaluated the
effectiveness of nifedipine maintenance tocolysis in both
subgroups. Neither fFN testing nor sonographic CL evalu-
ation changed the effect of maintenance therapy in regards
of PTB reduction [73].

A 2016 systematic review by van Vliet et al. [74] per-
formed an individual patient data meta-analysis including
6 randomized controlled trials (n =787 patients between
24 4+ 0-36+ 6 weeks of gestation, n =390 for nifedipine,
n=397 for placebo/no treatment) and evaluated the effi-
cacy of nifedipine maintenance tocolysis on prolongation of
pregnancy and neonatal outcomes. No significant differences
regarding the incidence of perinatal death (RR 1.36, 95% CI
0.35-5.33), IVH > grade II (RR 0.65, 95% CI 0.16-2.67),
NEC (RR 1.15, 95% CI 0.50-2.65), RDS (RR 0.98, 95%
CI 0.51-1.85), and prolongation of pregnancy (hazard ratio
(HR) 0.74, 95% CI 0.55-1.01) could be demonstrated [74].

A more recent Indian study by Aggarwal et al. [75]
included 50 women between 26 +0-33 4+ 6 weeks of gesta-
tion after an episode of threatened PTB, who were rand-
omized to a nifedipine intervention arm (n=25) for 12 days
or up to >33+ 6 week gestation and to a no treatment con-
trol arm (n=25). The delivery rate at term was 20% higher
(28% nifedipine vs. 8% control group), pregnancy prolon-
gation was 6 days longer (20 days, IQR 2.5-51 vs. 14 days,
IQR 1-27.5), and median NICU stay was 1.5 days shorter
(4.0 days, IQR 2-10 vs. 5.5 days, IQR 2.25-12) within the
treatment arm. However, these findings did not reach statisti-
cal significance. Interestingly, a statistically significant mean
gain in birth weight of 386 g (2266 g, SD 726 g vs. 1880 g,
SD 590 g) was observed in the nifedipine group. Finally,
there were no beneficial effects of nifedipine maintenance
tocolysis regarding pregnancy prolongation and reduction
of NICU stays in advanced threatened PTB with a mean
cervical dilatation of 2.5 cm [75].

Case reports have shown severe maternal and fetal
complications such as severe hypotension, tachycardia,
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pulmonary edema, and even fetal death associated with
nifedipine maintenance tocolysis [21, 76-78].

In conclusion, as there is insufficient evidence that nifedi-
pine maintenance tocolysis reduces the rate of preterm birth
significantly and improves neonatal outcomes, it cannot be
recommended for clinical practice.

Cyclooxygenase inhibitors

The nonspecific cyclooxygenase (COX) inhibitor indo-
methacin is the most frequently used representative of this
substance class. It has the potential to interfere with the
inflammation-mediated pathway of PTB by inhibiting the
synthesis of arachidonic acid to prostaglandins, which lead
to uterine contractions and cervical ripening/dilatation [79].
Indomethacin may be the preferred tocolytic agent at lower
gestational ages (< 30 weeks of gestation) when intrauterine
inflammation/infection is suspected [80]. Recently, it has
been hypothesized that COX expression/activity is enhanced
with the beginning of human parturition, which might be
the physiological explanation for the tocolytic effectiveness
of COX inhibitors. However, a systematic review including
44 studies did not reveal evidence that this mechanism of
action is involved in the commencement of PTB supporting
COX-focused tocolysis [81].

According to a network meta-analysis 2012 [82], indo-
methacin is the most effective tocolytic agent for prolonging
pregnancy by 48 h compared to placebo [82].

However, COX inhibitors rapidly cross the placental bar-
rier and lead to the inhibition of fetal prostaglandin synthesis
resulting among others in a decrease of renal blood flow
and oligohydramnios as well as in premature closure of the
ductus arteriosus Botalli [79].

Consequently, the use of indomethacin for tocolysis
should be restricted to 48 h and to < 32 +0 weeks of gesta-
tion [6].

There are no randomized controlled trials on the use of
indomethacin for maintenance treatment. A retrospective
chart review by Dutta et al. [83], including 73 women with
threatened PTB <32 weeks of gestation, compared perina-
tal outcomes after a prolonged course>48 h (n=32) vs. a
standard course <48 h (n=41) of indomethacin. In the pro-
longed group, the interval from hospital admission to deliv-
ery was a mean of 1.4 weeks longer compared to the stand-
ard group (1.8 weeks, 95% CI 1.1-3 vs. 0.4 weeks, 95% CI
0.1-0.8) and there was no significant increase in composite
adverse neonatal outcomes after prolonged treatment [83].

Because of the lack of evidence and concerns regarding
fetal side effects, indomethacin maintenance tocolysis can-
not be recommended. It may be an option in exceptional
cases, particularly in women with threatened very PTB
[83]. According to the Recommendations from the Euro-
pean Association of Perinatal Medicine [2], indomethacin
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tocolysis may be repeated, if necessary after a 5-day break.
During indomethacin treatment, the pulmonary trunk blood
flow should be checked and the severity of regurgitation at
the level of the tricuspid valve should be assessed at least
once a week. The volume of amniotic fluid should be meas-
ured two times a week [2].

Magnesium

The basis of magnesium sulfate tocolytic action is still
unclear, although it is presumed to involve competition
with calcium for entry into muscle cells through voltage-
gated calcium channels or competitively binds to calcium
storage sites in the endoplasmatic reticulum, thus inhibiting
the cellular influx of calcium necessary for smooth muscle
contraction [84].

The evidence for magnesium sulfate as a tocolytic agent is
controversial [68]. Data on magnesium sulfate maintenance
tocolysis are insufficient.

Martin et al. [85] compared the tocolytic efficacy of oral
magnesium gluconate with that of ritodrine hydrochloride
in 50 patients after arrested labor; 25 women received 1 g
oral magnesium, the others 10 mg of ritodrine every 2—4 h.
Pregnancy prolongation was similar in both groups [85].

A further study by Martin et al. [86] within a subgroup of
31 women at high PTB risk receiving home uterine contrac-
tion monitoring, found no significant difference in prolong-
ing pregnancy between 1 g magnesium gluconate 4 times/
day vs. placebo [86].

The trial by Rust et al. [§7] comparing oral magnesium
chloride to placebo for maintenance tocolysis showed no
significant differences between both groups regarding the
rate of PTB <37 weeks of gestation, the mean birth weight
and the rate of NICU admissions [21, 87].

In the trial of Ridgway et al. [88], 23 patients received
200 mg magnesium oxide and 27 patients 2.5-5 mg terbual-
ine sulfate orally for maintenance treatment every 3—4 h after
arrested labor until 36 week gestation. There were no signifi-
cant differences in the rate of PTB <36 weeks of gestation
(18.5 vs. 17.4%, RR 0.94, 95% CI 0.29-3.09) [88]. These
trials on oral magnesium use for maintenance tocolysis were
published more than 25 years ago and are limited among
others by the small number of patients included.

A Cochrane Review by Han et al. [84] including 4 ran-
domized controlled trials with 422 women did not find any
significant differences between magnesium maintenance
therapy (neither oral nor parenteral administration) and
placebo in the prevention of PTB <37 weeks of gestation
or in the number of perinatal deaths [84]. Again, the num-
ber of patients included was too small to deduce clinical
recommendations.

In summary, because of the lack of evidence magnesium
cannot be recommended for maintenance tocolysis.

Nitric oxide (NO) donors

Nitroglycerine, which is a powerful smooth muscle relaxant,
has been off-label used for tocolysis mostly as transdermal
patch (10 mg/24 h).

A Cochrane Review 2014 [89] includes only trials with
NO donors for acute tocolysis concluding that there is insuf-
ficient evidence to advocate NO donors for tocolytic treat-
ment [89].

There is one randomized study [90], including 132
patients with threatened PTB, which compared transder-
mal nitroglycerine (n=67) administered up to 5 days after
initial tocolysis with intravenous ritodrine (n=62) applied
for a maximum of 3 days. Recurrent episodes of uterine
contractions were also treated by the same regime as ran-
domized. Nitroglycerine was superior to ritodrine regard-
ing the delivery rate >34 and 37 weeks of gestation, birth
weight > 2500 g, and the necessity of NICU admissions [90].
However, the study design has to be labelled as unsuitable
in terms of maintenance treatment.

In accordance with current guidelines, NO donors are
neither recommended for acute nor maintenance tocolysis
[9-12, 68, 91].

Oxytocin receptor antagonists

Atosiban, a synthetic oxytocin receptor antagonist, acts by
competing with oxytocin for receptors in the myometrium
and potentially in the decidua and fetal membranes as well.
It inhibits oxytocin-stimulated inositol triphosphate produc-
tion and subsequent intracellular shift of Ca®* from the sar-
coplasmatic reticulum into the cytoplasm [92, 93]. Atosiban
is approved for acute tocolysis, and repeated cycles of treat-
ment are possible.

A Cochrane Review from 2013 [94] includes only one
double-blind, placebo-controlled trial [95]; 503 patients
who responded to acute tocolytic treatment with atosiban
received either atosiban (n=252) or placebo (n=251).
Maintenance treatment was performed using a subcutane-
ous infusion pump (30 pg/min) until the 36 + 6 weeks of
gestation. Patients with recurrent episodes of contractions
received a rescue therapy with intravenous atosiban until
“uterine quiescence” was obtained followed by continuation
of the study medication. Atosiban led to a significant prolon-
gation of the interval between the beginning of maintenance
therapy to the recurrence of contractions (up to 5 days com-
pared to placebo). However, it did not reduce preterm birth
rates <37 (RR 0.89,95% CI10.71-1.12), <32 (RR 0.85, 95%
CI 0.47-1.55) or <28 weeks of gestation (RR 0.75, 95% CI
0.28-2.01). No differences were found in neonatal morbidity
or in perinatal mortality [94, 95].

In conclusion, there is not sufficient evidence to support
maintenance treatment with oxytocin receptor antagonists.
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Progesterone

Numerous experimental and clinical studies have shown that
natural progesterone exerts an inhibitory effect on uterine
contractility through various mechanisms and may sensitize
the myometrium for tocolytics [96—-101]. A recent review
highlighted the evidence of progesterone for tocolysis and
maintenance treatment [102].

In 2015, two meta-analyses [103, 104] (Table 2) on the
use of vaginal progesterone (200-400 mg/day) and intra-
muscular 17-alpha-hydroxyprogesterone caproate (17-
OHPC, 250 mg/week) vs. placebo/no treatment for main-
tenance treatment were published. In the meta-analysis
of Suhag et al. [103] (Table 2), including 5 randomized
controlled trials (RCT) and 441 patients, vaginal proges-
terone led to a significant decrease in the rate of preterm
birth <37 +0 week gestation (42 vs. 58%, RR 0.71, 95%
CI 0.57-0.90) in 3 studies, a significant prolongation of the
latency period until birth (mean difference 13.8 days) in 4
studies, a higher gestational age at birth (mean difference
1.3 weeks), a significantly lower frequency of the recurrence
of contractions (24 vs. 48%, RR 0.51, 95% CI 0.31-0.84)
as well as a lower rate of NNS (2 vs. 7%, RR 0.34, 95% CI
0.12-0.98) in 4 studies. Despite promising results in indi-
vidual studies, the meta-analysis came to the conclusion that
based on the considerable heterogeneity between the stud-
ies, their low quality, and the inadequate statistical power,
no recommendation for the use of vaginal progesterone as
maintenance treatment can be made [103].

The meta-analysis of Saccone et al. [104] (Table 2),
including 5 RCTs with 426 patients, compared the intramus-
cular administration of 17-OHPC with placebo/no treatment.
Although a longer latency period until birth (mean differ-
ence 8.4 days) was found, there were no significant differ-
ences in the rate of preterm birth <37 weeks of gestation

(42 vs. 51%, RR 0.78, 95% CI 0.50-1.22) and < 34 weeks
of gestation (25 vs. 34%, RR 0.60, 95% CI 0.28-1.12), the
frequency of the recurrence of contractions and the rate of
neonatal complications. The authors concluded that the
intramuscular application of 17-OHPC is promising [104].
However, it cannot be recommended for routine clinical
practice due to the insufficient data.

The meta-analysis of Eke et al. 2016 [105] (Table 2),
including 4 RCTs and 362 pregnant women, compared
vaginal/oral progesterone, and intramuscular 17-OHPC
with placebo/no treatment for maintenance tocolysis after
arrested labor. No significant differences were seen between
the study groups regarding the latency period from randomi-
zation until delivery and the rates of preterm birth <37 and
<34 weeks of gestation [105].

A further meta-analysis by Ding et al. [106] evaluated
10 RCTs, of which 5 used oral nifedipine and 5 oral/vaginal
progesterone for maintenance treatment. In comparison with
placebo/no treatment, a significant prolongation of preg-
nancy (on average by 1.6 weeks), a reduction in the rate of
preterm birth <37 weeks of gestation (RR 0.63; 95% CI
0.47-0.83), and a significant increase in mean birth weights
(by 318 g on average) were achieved when using progester-
one, while maintenance tocolysis with nifedipine compared
to placebo/no treatment did not result in any significant
prolongation of pregnancy. The authors concluded that pro-
gesterone, but not nifedipine is beneficial for maintenance
treatment after arrested labor [106].

The randomized, placebo-controlled double-blind trial
by Palacio et al. (PROMISE-TRIAL [107]) (Table 2)
included 248 pregnant women. After arrest of labor by
acute tocolysis, the patients were discharged from the hos-
pital with a cervical length <25 mm; 126 women received
vaginal progesterone (200 mg/day) and 132 women pla-
cebo until 36 4+ 6 weeks of gestation or until delivery. The

Table 2 Meta-analyses of maintenance tocolysis with Progesterone/17-OHPC vs. placebo/no treatment after acute tocolysis

Author Studies n P/17-OHPC PTB <37+0 week gestation PTB <34 +0 week gestation  Pregnancy prolongation
(number of (%) RR (95% CI) (%) RR (95% CI) (days, mean difference
studies) range)

Saccone et al. 2015 5 426 17-OHPC i.m 42 vs. 51 25 vs. 34 8.4 (S) (3.2-13.5)

0.78 (0.5-1.2) 0.60 (0.28-1.12)
Suhag et al. 2015 5 441 Vaginal P 42 vs. 58 (S) N/A 13.8 (S) (4.0-23.6)
0.71 (0.57-0.9)

Palaccio et al. 2016 16 1917 P(12) 38.2 vs. 44.3 (S) 0.79 15.6 vs. 18.3 0.77 (0.53- 8.1(S) (3.8-12.4)
17-OHPC (4) (0.65-0.97) 1.12)

Eke et al. 2016 4 362 P(2) N/A N/A 24(-151t06.3)
17-OHPC (2) RR 0.8 (0.58-1.1) RR 0.69 (0.4-1.2)

Wood et al. 2017 15 1742 P(11) N/A N/A 9.1(S) (3.7-14.5)
17-OHPC (4) OR 0.77 (S) (0.62-0.96) OR 0.80 (0.60-1.08)

n number of patients, P progesterone, /7-OHPC 17-alpha-hydroxyprogesterone caproate, RR relative risk, CI confidence interval, i.m. intramus-
cular, (S) statistically significant (p <0.05), N/A non applicable, OR odds ratio

Data from Rath et Kuon 2019 [102]
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study was terminated prematurely due to financial prob-
lems. There were no significant differences regarding the
rate of preterm birth <34 (7.1 vs. 7.6%) and < 37 weeks of
gestation (28.6 vs. 22%) as well as in the mean gestational
age at birth [107].

A subsequent meta-analysis by the same group [108],
including 16 RCTs and 1917 patients compared vagi-
nally or orally administered progesterone (12 trials, dose:
200-400 mg/day) and intramuscular 17-OHPC (4 trials,
dose: 250-500 mg/week) to placebo/no treatment.

The use of 17-OHPC led to a significant decrease in
the rate of preterm birth <37 weeks of gestation (44.3 vs.
38.2%, RR 0.79; 95% CI 0.65-0.97), but not < 34 weeks
of gestation (15.6 vs. 18.3%; RR 0.77; 95% CI 0.53-1.12).
When evaluating only high-quality studies (n=35) no sig-
nificant differences were seen in all of the outcome cri-
teria. The authors concluded, that based on the lack of
qualified studies and the significant heterogeneity between
studies, the data are insufficient to support the use of pro-
gesterone and 17-OHPC for maintenance treatment [108].

A randomized, controlled multicenter trial from Italy
[109] with 254 patients between 22+ 0 and 31+ 6 weeks
of gestation and a cervical length <25 mm compared the
vaginal application of 200 mg/day (n=84) and 341 mg
17-OHPC/week administered intramuscularly (n=87)
to no treatment for maintenance tocolysis until the
36 + 6 weeks of gestation. The recruitment of 160 women/
study arm was planned. However, after an interim-analy-
sis the study was stopped prematurely by an independent
monitoring committee, because no significant differences
were found between treatment groups and controls regard-
ing primary outcome criteria (rate of preterm birth < 37
and < 35 weeks of gestation) [109].

A further RCT compared vaginal progesterone (200 mg/
day) to placebo for maintenance treatment in patients 12 h
after arrested labor and positive fibronectin testing [110].
This study, planning to recruit 60 women/study arm, was
also terminated prematurely due to inadequate recruitment
and the lack of patients’ compliance. The following meta-
analysis by the same investigators [110] (Table 2) evalu-
ated 15 RCTs and 1742 patients comparing intramuscular
17-OHPC (n=5), oral progesterone (n=2) and vaginal
progesterone (n=8) to placebo/no treatment; 5 studies
were classified as “high” and 10 as low quality using the
Jaddad criteria [110].

In accordance to the meta-analysis of Palacio et al.
[108] a significant reduction in the rate of preterm birth
could only be demonstrated in the low quality but not in
the high-quality studies [110].

Following the authors’ conclusion neither vaginal/oral
progesterone nor intramuscular 17-OHPC as maintenance
treatment are appropriate for clinical practice.

Discussion

Maintenance tocolysis, mostly defined as the continuation
of tocolytic treatment beyond 48 h, is still a controversial
issue. Due to the lack of evidence from qualified RCTs,
that maintenance treatment significantly prolongs preg-
nancy and improves neonatal outcomes, it is not recom-
mended by current guidelines [2, 6, 9-12]. On the con-
trary, maintenance tocolysis is commonly used in many
countries [111-117]. However, this assumption is based
on mostly “historical” surveys from practitioners or from
retrospective observations of tocolytic management in
women with threatened PTB [118].

Basically, the obstetrician has to acknowledge the
woman’s fear of delivering a preterm baby and her fear of
neonatal complications and even neonatal death.

Many surveys have been published, reflecting the com-
mon practice of maintenance tocolysis in different coun-
tries. In a mail-based survey among 827 members of the
Society for Maternal-Fetal Medicine (response rate 46%)
29% would suggest maintenance tocolysis [111]. In the
survey of the Royal Australian and New Zealand College
of Obstetricians and Gynecologists including 813 partici-
pants (18.9% response rate for Australia; 27.1% response
rate for New Zealand) 34% of the members stated to use
maintenance tocolysis in obstetrical practice [113]. A 2014
French declarative practice survey reported, that 50% of
French maternity hospitals would prescribe maintenance
tocolysis [115]. Between two Canadian cross-sectional
surveys in 1997-1998 (n=1313; 46.4% response rate)
and 2004 (n=1508; 43.4% response rate) a decrease of
10.4% maintenance treatment recommendations was
observed (20% in 1997-1998 vs. 9.6% in 2004) [116].
The EVAPRIMA study, a cross-sectional French practice
survey including 107 hospitals and 734 admissions with
threatened PTB, reported a maintenance tocolysis rate
of 59.8% in patients without PPROM [114]. A further
evaluation of the EVAPRIMA data revealed a “maternity
unit effect”. Maintenance treatment was more common in
maternity units of low- and intermediate-risk pregnancies,
and smaller obstetrical divisions in certain provinces of
France [117]. A more recent prospective multicenter reg-
istry study [112] including 10 Austrian maternity units and
totally 309 cases reported on repeated tocolysis in 41.7%
of women with threatened PTB, of which 40.8% received
maintenance therapy during the first course of tocolytic
treatment [112].

The question, which tocolytic agent may be appropriate
for maintenance treatment is still unanswered.

Due to the loss of efficacy through tachyphylaxis orally
or parenterally applied beta-sympathomimetics are not
suitable for maintenance treatment.

@ Springer



1196

Archives of Gynecology and Obstetrics (2019) 300:1189-1199

According to a 2016 meta-analysis [74] oral nifedipine
use beyond 48 h is not more effective in prolonging preg-
nancy compared with placebo and does not lead to any
reduction in perinatal and neonatal morbidity [74].

There exists no RCT on the use of COX inhibitors for
maintenance treatment and according to current recom-
mendations indomethacin should only be given for 48 h
until 32 weeks of gestation [6, 83].

Oral or intravenous magnesium was shown to be insuf-
ficient for maintenance treatment in mostly “historical”
studies, which was confirmed by a Cochrane Review [84].

Data on the use of oxytocin receptor antagonists for
maintenance treatment are also insufficient, since there
exists only one RCT [95].

NO donors have never been investigated for mainte-
nance treatment in RCTs.

The data on the use of native progesterone and intra-
muscular 17-OHPC for maintenance treatment are con-
flicting. While RCTs of low quality have shown prom-
ising results, studies of high quality did not reveal any
significant differences compared to placebo/no treatment
regarding the rate of preterm birth <37 and <34 weeks of
gestation, the latency period until delivery and neonatal
outcomes [102].

Several shortcomings become overt when evaluating
the literature critically. Major problems are the lack of
placebo-controlled randomized trials and the low quality of
published studies, which applies to most of the tocolytic
agents. Another problem is the high degree of heterogene-
ity between the studies, which limits the validity of pooled
data in meta-analyses. Crucial points in this context, which
make the interpretation and comparability of studies diffi-
cult, especially, are different inclusion and exclusion criteria
with the risk of a selection bias.

In addition, there are significant methodological differ-
ences between the studies (e.g., nature and quality of rand-
omization, placebo-controlled trials vs. no treatment, selec-
tion of primary outcome criteria) as well as in the approach
(e.g., mode of application, differences in dosage and applica-
tion frequency). A further problem is the insufficient num-
ber of cases in studies associated with inadequate statistical
power.

Meta-analyses have failed to prove that maintenance
treatment is able to reduce severe neonatal morbidity and
mortality. This may be due to the low prevalence of serious
neonatal complications and neonatal deaths. It requires high
numbers of cases to demonstrate a significant reduction in
severe neonatal morbidity and mortality.

Furthermore, well-designed randomized placebo-con-
trolled trials are necessary to evaluate the clinical value of
maintenance treatment.

So far, maintenance tocolysis in daily obstetrical practice
remains a case-by-case decision outweighing the benefits

@ Springer

and harms of tocolytic medication and acknowledging the
woman’s wish to prolong pregnancy.

Author contributions PS: Manuscript writing, data collection, data
analysis, manuscript editing. SK: Data collection, data analysis, manu-
script editing. WR: Project development, data collection, manuscript
writing, manuscript editing.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

References

1. WHO (1977) WHO: recommended definitions, terminology and
format for statistical tables related to the perinatal period and use
of a new certificate for cause of perinatal deaths. Acta Obstet
Gynecol Scand 56(3):247-253

2. DiRenzo G, Cabero Roura L, Facchinetti F, Helmer H, Hubinont
C, Jacobsson B, Jgrgensen J, Lamont R, Mikhailov A, Papanto-
niou N (2017) Preterm labor and birth management: recommen-
dations from the European Association of Perinatal Medicine. J
Matern Fetal Neonatal Med 30(17):2011-2030

3. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE,
Rudan I, Campbell H, Cibulskis R, Li M (2012) Global,
regional, and national causes of child mortality: an updated sys-
tematic analysis for 2010 with time trends since 2000. Lancet
379(9832):2151-2161

4. Romero R, Dey SK, Fisher SJ (2014) Preterm labor: one syn-
drome, many causes. Science 345(6198):760-765

5. Mwaniki MK, Atieno M, Lawn JE, Newton CR (2012) Long-
term neurodevelopmental outcomes after intrauterine and neo-
natal insults: a systematic review. Lancet 379(9814):445-452

6. Prevention and therapy of preterm labour. Guideline of the
DGGG, OEGGG and SGGG (S2k-Level, AWMF Registry No.
015/025, February 2019) (2019) https://www.awmf.org/uploads/
tx_szleitlinien/015-0251_S2k_PraeventionTherapie_Fruehge-
burt_2019-02_1.pdf. Accessed 21 May 2019

7. Hanley M, Sayres L, Reiff ES, Wood A, Grotegut CA, Kuller JA
(2019) Tocolysis: a review of the literature. Obstet Gynecol Surv
74(1):50-55

8. Rath W (2007) Dauertokolyse zwischen klinischer Praxis und
evidence-based medicine. Geburtsh Frauenheilk 67(01):28-32

9. Obstetricians ACo (2016) Gynecologists: practice bulletin no.
171: management of preterm labor. Obstet Gynecol 128(4):e155

10. RCOG (2011) Green-top guideline no. 1b tocolysis for women
in preterm labour. https://www.wisdom.wales.nhs.uk/opend
0c/296835. Accessed 21 May2019

11. NICE (2015) Preterm labour and birth. NICE guideline
[NG25].https://www.nice.org.uk/guidance/ng25. Accessed 21
May 2019

12. Sentilhes L, Sénat M-V, Ancel P-Y, Azria E, Benoist G, Blanc
J, Brabant G, Bretelle F, Brun S, Doret M (2017) Prevention of
spontaneous preterm birth: guidelines for clinical practice from
the French college of gynaecologists and obstetricians (CNGOF).
Eur J Obstet Gyn Reprod Biol 210:217-224


https://www.wisdom.wales.nhs.uk/opendoc/296835
https://www.wisdom.wales.nhs.uk/opendoc/296835
https://www.nice.org.uk/guidance/ng25

Archives of Gynecology and Obstetrics (2019) 300:1189-1199

1197

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Arrowsmith S, Kendrick A, Wray S (2010) Drugs acting on the
pregnant uterus. Obstet Gynaecol Reprod Med 20(8):241-247
Spitling L, Fallenstein F, Schneider H, Dancis J (1989) Bolus
tocolysis: Treatment of preterm labor with pulsatile admin-
istration of a P-adrenergic agonist. Am J Obstet Gynecol
160(3):713-717

Herzog S, Cunze T, Martin M, Osmers R, Gleiter C, Kuhn W
(1999) Pulsatile vs. continuous parenteral tocolysis: comparison
of side effects. Eur J Obstet Gyn Reprod Biol 85(2):199-204
Dodd JM, Crowther CA, Dare MR, Middleton P (2006)
Oral betamimetics for maintenance therapy after threatened
preterm labour. Cochrane Database Syst Rev. https://doi.
org/10.1002/14651858.CD003927.pub2

Lam F, Gill P, Smith M, Kitzmiller JL, Katz M (1988) Use of the
subcutaneous terbutaline pump for long-term tocolysis. Obstet
Gynecol 72(5):810-813

Lam F, Bergauer N, Stanziano G, Jacques D (1998) Pregnancy
prolongation and route of tocolytic administration in patients
with singleton gestation. Am J Obstet Gynecol 178(1S):180S
Nanda K, Cook LA, Gallo MF, Grimes DA (2002) Terbutaline
pump maintenance therapy after threatened preterm labor for
preventing preterm birth. Cochrane Database Syst Rev. https://
doi.org/10.1002/14651858.CD003933

Frambach T, Muller T, Freund S, Engelhardt S, Sutterlin M,
Lohse MJ, Dietl J (2005) Self-limitation of intravenous tocoly-
sis with p2-adrenergic agonists is mediated through receptor G
protein uncoupling. J Clin Endocrinol Metab 90(5):2882-2887
Elliott JP, Morrison JC (2013) The evidence regard-
ing maintenance tocolysis. Obstet Gynecol Int. https://doi.
org/10.1155/2013/708023

Lam F, Graves WK, Peacock WG (1987) The impact of portable
tocodynamometry and subcutaneous terbutaline pump therapy on
preterm birth in a private obstetrical practice. In: Proceedings of
the ACOG districts 8th and 9th meeting

Lam F, Gill PJ, Smith M, Kitzmiller JL, Katz M (1988) Compari-
son of portable subcutaneous terbutaline pump and oral terbuta-
line treatment for long-term tocolysis: a randomized clinical trial.
In: Proceedings of the 8th annual meeting society of perinatal
obstetricians

Gianopoulos J, Carlson N, Schumachen B (1991) SQ terbutaline
pump for premature labor. Am J Obstet Gynecol 164

Jones P, Greenspan JS, Bochner CJ (1991) Continuous subcuta-
neous terbutaline infusion for the prevention of recurrent preterm
labor. Am J Obstet Gynecol 164

Fischer J, Kaatz B (1991) Continuous subcutaneous infusion
of terbutaline for suppression of preterm labor. Clin Pharm
10(4):292

McGettigan M, Bhutani V, Rathbone A, Ludomirski A, Abbasi
S, Bolognese R (1991) Prenatal beta-mimetic exposure of the
newborn-maternal oral vs continuous infusion therapy. In: Pedi-
atr Res. Williams & Wilkins, Baltimore, p A62

Wolfsen R, Winn S (1992) Prolongation of twin pregnancy with
magnesium sulphate/subcutaneous terbutaline pump therapy in
the face of advanced cervical dilatation and effacement. Am J
Obstet Gynecol 166(1):366

Allbert J, Wise C, Lou C, Gookin K, Parmenter M, Morrison J
(1992) Subcutaneous tocolytic infusion therapy for patients at
very high risk for preterm birth. J Perinatol Off J Calif Perinat
Assoc 12(1):28-31

Lindenbaum C, Ludmir J, Teplick FB, Cohen AW, Samuels P
(1992) Maternal glucose intolerance and the subcutaneous terb-
utaline pump. Am J Obstet Gynecol 166(3):925-928

Moise JK, Sala DJ, Zurawin RK, Cano LE, Hesketh DE, Car-
penter JR (1992) Continuous subcutaneous terbutaline pump
therapy for premature labor: safety and efficacy. South Med J
85(3):255-260

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Weinbaum P, Olson M (1993) The effect of subcutaneous infu-
sion on uterine activity in patients at risk for preterm delivery.
Am J Obstet Gynecol 166

Elliott JP, Radin TG (1992) Quadruplet pregnancy: contem-
porary management and outcome. Obstet Gynecol 80(3 Pt
1):421-424

Adkins RT, Van JH, Bressman PL, Growdon JJ, Bolen PR, Varin
JC, Thompson BR (1993) Prevention of preterm birth: early
detection and aggressive treatment with terbutaline. South Med
J186(2):157-164

Regenstein A, Belluomini J, Katz M (1993) Terbutaline tocolysis
and glucose intolerance. Obstet Gynecol 81(5 (Pt 1)):739-741
Allbert J, Johnson C, Roberts W, Martin R, Gookin K, Morrison
J (1994) Tocolysis for recurrent preterm labor using a continuous
subcutaneous infusion pump. J Reprod Med 39(8):614-618
Perry KG, Morrison JC, Rust OA, Sullivan CA, Martin RW, Naef
RW (1995) Incidence of adverse cardiopulmonary effects with
low-dose continuous terbutaline infusion. Am J Obstet Gynecol
173(4):1273-1277

Elliott J, Flynn M, Kaemmerer E, Radin T (1997) Terbutaline
pump tocolysis in high-order multiple gestation. J Reprod Med
42(11):687-694

Wenstrom KD, Weiner CP, Merrill D, Niebyl J (1997) A placebo-
controlled randomized trial of the terbutaline pump for preven-
tion of preterm delivery. Am J Perinatol 14(02):87-91

Guinn DA, Goepfert AR, Owen J, Wenstrom KD, Hauth JC
(1998) Terbutaline pump maintenance therapy for prevention
of preterm delivery: a double-blind trial. Am J Obstet Gynecol
179(4):874-878

Berkus M, Langer O, Higby K, Siler-khodr T (1999) Effect of
terbutaline pump on maternal glucose metabolism. Am J Obstet
Gynecol 180(1S-1I):41S

Hamersley S, Pinckert T, Gorman K, Beam A, Bergauer N, Cole-
man S (1999) The use of continuous subcutaneous terbutaline
in a private maternal-fetal medicine practice. Obstet Gynecol
93(4):S67

Lam F, Bergauer NK, Coleman SK, Stanziano GJ, Jacques D
(2000) A comparison of gestational days gained with oral terb-
utaline versus continuous subcutaneous terbutaline in women
with twin gestations. J Perinatol 20(7):408

Ambrose S, Rhea DJ, Istwan NB, Collins A, Stanziano G (2004)
Clinical and economic outcomes of preterm labor management:
inpatient vs outpatient. J Perinatol 24(8):515

Elliott JP, Bergauer NK, Jacques DL, Coleman SK, Stanzi-
ano GJ (2001) Pregnancy prolongation in triplet pregnancies.
Oral vs. continuous subcutaneous terbutaline. J Reprod Med
46(11):975-982

Elliott J, Istwan N, Jacques D, Coleman S, Stanziano G (2001)
102 Expectant management of the quadruplet pregnancy: inpa-
tient or outpatient? Am J Obstet Gynecol 185(6):S110

Lam F, Bergauer NK, Jacques D, Coleman SK, Stanziano GJ
(2001) Clinical and cost-effectiveness of continuous subcutane-
ous terbutaline versus oral tocolytics for treatment of recurrent
preterm labor in twin gestations. J Perinatol 21(7):444

Elliott JP, Istwan NB, Rhea D, Stanziano G (2004) The
occurrence of adverse events in women receiving continu-
ous subcutaneous terbutaline therapy. Am J Obstet Gynecol
191(4):1277-1282

Hamersley SL, Coleman SK, Bergauer NK, Bartholomew LM,
Pinckert TL (2002) Delayed-interval delivery in twin pregnan-
cies. J Reprod Med 47(2):125-130

Viscarello RR, Griffith S, Jacques D, Stanziano G (2002) The
effect of proactive dose acceleration in triplets receiving continu-
ous subcutaneous tocolysis. Obstet Gynecol 99(4):12S
Viscarello R, Griffith S, Charney L, Vaillancourt N, Cahill
P, Jacques D (2002) Outpatient management of higher-order

@ Springer


https://doi.org/10.1002/14651858.CD003927.pub2
https://doi.org/10.1002/14651858.CD003927.pub2
https://doi.org/10.1002/14651858.CD003933
https://doi.org/10.1002/14651858.CD003933
https://doi.org/10.1155/2013/708023
https://doi.org/10.1155/2013/708023

1198

Archives of Gynecology and Obstetrics (2019) 300:1189-1199

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

multiple gestations with a comprehensive plan of care improves
outcome. Obstet Gynecol 99(4):71S

Jones JS, Morrison J, Istwan N, Rhea D, Collins A, Stanziano G
(2006) The interval to spontaneous delivery following discon-
tinuation of maintenance tocolysis. ] Matern Fetal Neonatal Med
19(6):331-335

Morrison JC, Chauhan SP, Carroll CS Sr, Bofill JA, Magann
EF (2003) Continuous subcutaneous terbutaline administration
prolongs pregnancy after recurrent preterm labor. Am J Obstet
Gynecol 188(6):1460-1467

Lam F, Istwan N, Jacques D, Coleman S, Stanziano G (2003)
Managing perinatal outcomes: the clinical benefit and cost-effec-
tiveness of pharmacologic treatment of recurrent preterm labor.
Manag Care 12(7):39-46

Roman A, Rebarber A, Istwan N, Rhea D, Stanziano G (2003)
Clinical and demographic factors associated with spontaneous
preterm delivery in twin pregnancies diagnosed with preterm
labor at%3c 34 weeks. Am J Obstet Gynecol 189(6):S123
Gaziano E, Wagner W, Rhea D, Istwan N, Stanziano G (2004)
Inpatient vs. outpatient surveillance for singleton pregnancies
following inpatient treatment with magnesium sulfate for pre-
term labor. In: J Soc Gynecol Investig, Elsevier Science Inc, New
York, p 164A

Rebarber A, Roman A, Istwan N, Rhea D, Stanziano G (2004)
Factors associated with spontaneous preterm delivery in sin-
gleton gestations. In: Obstet Gynecol. Lippincott Williams &
Wilkins, Philadelphia, p 34S

Fleming A, Bonebrake R, Istwan N, Rhea D, Coleman S, Stan-
ziano G (2004) Pregnancy and economic outcomes in patients
treated for recurrent preterm labor. J Perinatol 24(4):223
Gaziano E, Wagner W, Rhea D (2004) Extended hospitalization
versus outpatient surveillance in twin gestations following inpa-
tient treatment with magnesium sulfate. Obstet Gynecol 103
Brown H, Stanziano G (2005) Differences in pregnancy outcome
in medicaid compared with commercially insured patients with
preterm labor. Obstet Gynecol 105(4):74S5-75S

Rittenberg C, Newman RB, Istwan NB, Rhea D, Stanziano G
(2006) Medicaid compared with commercially insured twin
pregnancies: equivalent outcomes after preterm labor treatment.
Obstet Gynecol 107(4):34S

McWeeney D, Miller R, Rhea D, Stanziano G (2006) Probability
of prematurity by cervical dilatation and gestational age at pre-
term labor. Obstet Gynecol 107(4):31S

Rebarber A, Cleary-Goldman J, Istwan N, Rhea D, Stanziano G,
Saltzman D (2009) The association of elective cessation of toco-
lysis and preterm birth in singleton gestations. Am J Perinatol
26(5):351

de la Torre L, Istwan NB, Desch C, Rhea DJ, Roca L, Stanziano
GJ, Gonzélez-Quintero VH (2008) Management of recurrent
preterm labor in twin gestations with nifedipine tocolysis. Am J
Perinatol 25(09):555-560

Ulmsten U, Andersson K-E, Wingerup L (1980) Treatment of
premature labor with the calcium antagonist nifedipine. Arch
Gynecol 229(1):1-5

King JF, Flenady V, Papatsonis D, Dekker G, Carbonne B (2003)
Calcium channel blockers for inhibiting preterm labour; a sys-
tematic review of the evidence and a protocol for administration
of nifedipine. Aust N Z J Obstet Gynaecol 43(3):192-198
Saade GR, Taskin O, Belfort MA, Erturan B, Moise JK (1994)
In vitro comparison of four tocolytic agents, alone and in com-
bination. Obstet Gynecol 84(3):374-378

Rath W, Kehl S (2018) Acute tocolysis—a critical analysis of
evidence-based data. Geburtsh Frauenheilk 78(12):1245-1255
Roos C, Spaanderman ME, Schuit E, Bloemenkamp KW, Bolte
AC, Cornette J, Duvekot JJ, van Eyck J, Franssen MT, de Groot
CJ (2013) Effect of maintenance tocolysis with nifedipine in

@ Springer

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

threatened preterm labor on perinatal outcomes: a randomized
controlled trial. JAMA 309(1):41-47

Gaunekar NN, Raman P, Bain E, Crowther CA (2013) Main-
tenance therapy with calcium channel blockers for preventing
preterm birth after threatened preterm labour. Cochrane Database
Syst Rev. https://doi.org/10.1002/14651858.CD004071.pub3
De Lange TS, Roos C, Bloemenkamp KW, Bolte AC, Duvekot
JJ, Franssen MT, Kok M, Oudijk MA, Porath MM, Van Der Post
JA (2015) Impact of a randomized trial on maintenance tocolysis
on length of hospital admission of women with threatened pre-
term labor in The Netherlands. Eur J Obstet Gyn Reprod Biol
186:8-11

Parry E, Roos C, Stone P, Hayward L, Mol BW, McCowan L
(2014) The NIFTY study: A multicentre randomised double-
blind placebo-controlled trial of nifedipine maintenance tocolysis
in fetal fibronectin-positive women in threatened preterm labour.
Aust N Z J Obstet Gynaecol 54(3):231-236

Roos C, Vis JY, Scheepers HC, Bloemenkamp KW, Duvekot
HJ, van Eyck J, de Groot C, Kok JH, Opmeer BC, Oudijk MA
(2016) Fetal fibronectin status and cervical length in women with
threatened preterm labor and the effectiveness of maintenance
tocolysis. ] Matern Fetal Neonatal Med 29(10):1556-1561
Vliet E, Dijkema G, Schuit E, Heida K, Roos C, Post J, Parry E,
McCowan L, Lyell D, El-Sayed Y (2016) Nifedipine maintenance
tocolysis and perinatal outcome: an individual participant data
meta-analysis. BJOG Int J Obstet Gynaecol 123(11):1753-1760
Aggarwal A, Bagga R, Girish B, Kalra J, Kumar P (2018) Effect
of maintenance tocolysis with nifedipine in established preterm
labour on pregnancy prolongation and neonatal outcome. J
Obstet Gynaecol 38(2):177-184

Van Veen A, Pelinck M, Pampus M, Van Erwich J (2005) Severe
hypotension and fetal death due to tocolysis with nifedipine.
BJOG Int J Obstet Gynaecol 112(4):509-510

Papatsonis DN, Carbonne B, Dekker GA, Flenady V, King JF
(2005) Severe hypotension and fetal death due to tocolysis with
nifedipine. BJOG Int J Obstet Gynaecol 112(11):1582-1583
Bal L, Thierry S, Brocas E, Adam M, Van de Louw A, Tenaillon
A (2004) Pulmonary edema induced by calcium-channel block-
ade for tocolysis. Anesth Analg 99(3):910-911

Rodts-Palenik S, Morrison JC (2002) Tocolysis: an update for
the practitioner. Obstet Gynecol Surv 57(5):S9-S34

Doni D, Paterlini G, Locatelli A, Arnoldi S, Magri MC, Bernas-
coni D, Valsecchi MG, Tagliabue PE (2018) Effects of antenatal
indomethacin on ductus arteriosus early closure and on adverse
outcomes in preterm neonates. J Matern-Fetal Neonatal Med.
https://doi.org/10.1080/14767058.2018.1499091

Urrego D, Liwa AC, Cole WC, Wood SL, Slater DM (2019)
Cyclooxygenase inhibitors for treating preterm labour: what is
the molecular evidence? Can J Physiol Pharmacol 97(3):222-231
Haas DM, Caldwell DM, Kirkpatrick P, McIntosh JJ, Welton NJ
(2012) Tocolytic therapy for preterm delivery: systematic review
and network meta-analysis. BMJ 345:6226

Dutta EH, Behnia F, Harirah H, Costantine M, Saade G (2016)
Perinatal outcomes after short versus prolonged indometha-
cin for tocolysis in women with preterm labor. Am J Perinatol
33(09):844-848

Han S, Crowther CA, Moore V (2013) Magnesium mainte-
nance therapy for preventing preterm birth after threatened
preterm labour. Cochrane Database Syst Rev. https://doi.
org/10.1002/14651858.CD000940.pub2

Martin R, Martin JJ, Pryor J, Gaddy D, Wiser W, Morrison J
(1988) Comparison of oral ritodrine and magnesium gluco-
nate for ambulatory tocolysis. Am J Obstet Gynecol 158(6 Pt
1):1440-1445

Martin RW, Perry KG, Hess LW, Martin JN, Morrison
JC (1992) Oral magnesium and the prevention of preterm


https://doi.org/10.1002/14651858.CD004071.pub3
https://doi.org/10.1080/14767058.2018.1499091
https://doi.org/10.1002/14651858.CD000940.pub2
https://doi.org/10.1002/14651858.CD000940.pub2

Archives of Gynecology and Obstetrics (2019) 300:1189-1199

1199

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

labor in a high-risk group of patients. Am J Obstet Gynecol
166(1):144-147

Rust O, Bofill J, Arriola R, Andrew M, Morrison J (1997) The
clinical efficacy of oral tocolytic therapy. Int J] Gynecol Obstet
2(56):218

Ridgway LE III, Muise K, Wright JW, Patterson RM, Newton ER
(1990) A prospective randomized comparison of oral terbutaline
and magnesium oxide for the maintenance of tocolysis. Am J
Obstet Gynecol 163(3):879-882

Duckitt K, Thornton S, O’Donovan OP, Dowswell T (2014)
Nitric oxide donors for treating preterm labour. Cochrane Data-
base Syst Rev. https://doi.org/10.1002/14651858.CD002860.
pub2

Wani M, Barakzai N, Graham I (2004) Glyceryl trinitrate vs.
ritodrine for the treatment of preterm labor. Int J Gynecol Obstet
85(2):165-167

Vogel JP, Oladapo OT, Manu A, Giilmezoglu AM, Bahl R (2015)
New WHO recommendations to improve the outcomes of pre-
term birth. Lancet Glob Health 3(10):e589-e590

Melin P (1993) 5 Oxytocin antagonists in preterm labour and
delivery. Baillieres Clin Obstet Gynaecol 7(3):577-600
Tsatsaris V, Carbonne B, Cabrol D (2004) Atosiban for preterm
labour. Drugs 64(4):375-382

Papatsonis D, Flenady V, Liley H (2013) Maintenance therapy
with oxytocin antagonists for inhibiting preterm birth after
threatened preterm labour. Cochrane Database Syst Rev. https://
doi.org/10.1002/14651858.CD005938.pub2

Valenzuela GJ, Sanchez-Ramos L, Romero R, Silver HM, Kol-
tun WD, Millar L, Hobbins J, Rayburn W, Shangold G, Wang J
(2000) Maintenance treatment of preterm labor with the oxytocin
antagonist atosiban. Am J Obstet Gynecol 182(5):1184-1190
Csapo A, Goodall M (1954) Excitability, length tension relation
and kinetics of uterine muscle contraction in relation to hormonal
status. J Physiol 126(2):384-395

Keirse MJ (1990) Progestogen administration in pregnancy
may prevent preterm delivery. BJOG Int J Obstet Gynaecol
97(2):149-154

Peltier MR, Tee SC, Smulian JC (2008) Effect of progesterone
on proinflammatory cytokine production by monocytes stimu-
lated with pathogens associated with preterm birth. Am J Reprod
Immunol 60(4):346-353

Renthal NE, Chen C-C (2010) Koriand’r CW, Gerard RD,
Prange-Kiel J, Mendelson CR: miR-200 family and targets, ZEB1
and ZEB2, modulate uterine quiescence and contractility during
pregnancy and labor. Proc Natl Acad Sci 107(48):20828-20833
Hauth JC, Gilstrap LC III, Brekken AL, Hauth JM (1983) The
effect of 17a-hydroxyprogesterone caproate on pregnancy out-
come in an active-duty military population. Am J Obstet Gynecol
146(2):187-190

Grobman WA, Thom EA, Spong CY, Iams JD, Saade GR, Mer-
cer BM, Tita AT, Rouse DJ, Sorokin Y, Wapner RJ (2012) 17
alpha-hydroxyprogesterone caproate to prevent prematurity in
nulliparas with cervical length less than 30 mm. Am J Obstet
Gynecol 207(5):390.e391-390.e398

Rath W, Kuon RJ (2019) Progesterone—effective for tocolysis and
maintenance treatment after arrested preterm labour? Geburtsh
Frauenheilkunde (EFirst)

Suhag A, Saccone G, Berghella V (2015) Vaginal progesterone
for maintenance tocolysis: a systematic review and metaanalysis
of randomized trials. Am J Obstet Gynecol 213(4):479-487
Saccone G, Suhag A, Berghella V (2015) 17-alpha-hydroxy-
progesterone caproate for maintenance tocolysis: a systematic
review and metaanalysis of randomized trials. Am J Obstet
Gynecol 213(1):16-22

Eke AC, Chalaan T, Shukr G, Eleje GU, Okafor CI (2016) A
systematic review and meta-analysis of progestogen use for

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

maintenance tocolysis after preterm labor in women with intact
membranes. Int J Gynecol Obstet 132(1):11-16

Ding M-X, Luo X, Zhang X-M, Bai B, Sun J-X, Qi H-B (2016)
Progesterone and nifedipine for maintenance tocolysis after
arrested preterm labor: a systematic review and meta-anal-
ysis of randomized controlled trial. Taiwan J Obstet Gynecol
55(3):399-404

Palacio M, Cobo T, Antolin E, Ramirez M, Cabrera F, Mozo de
Rosales F, Bartha JL, Juan M, Marti A, Oros D (2016) Vaginal
progesterone as maintenance treatment after an episode of pre-
term labour (PROMISE) study: a multicentre, double-blind, ran-
domised, placebo-controlled trial. BJIOG Int J Obstet Gynaecol
123(12):1990-1999

Palacio M, Ronzoni S, Sdnchez-Ramos L, Murphy KE (2016)
Progestogens as maintenance treatment in arrested preterm labor.
Obstet Gynecol 128(5):989-1000

Facchinetti F, Vergani P, Di Tommaso M, Marozio L, Acaia
B, Vicini R, Pignatti L, Locatelli A, Spitaleri M, Benedetto C
(2017) Progestogens for maintenance tocolysis in women with
a short cervix: a randomized controlled trial. Obstet Gynecol
130(1):64-70

Wood S, Rabi Y, Tang S, Brant R, Ross S (2017) Progesterone in
women with arrested premature labor, a report of a randomised
clinical trial and updated meta-analysis. Bmc Pregnancy Childb
17(1):258

Fox NS, Gelber SE, Kalish RB, Chasen ST (2008) Contempo-
rary practice patterns and beliefs regarding tocolysis among
US maternal-fetal medicine specialists. Obstet Gynecol
112(1):42-47

Nazifovic E, Husslein H, Lakovschek I, Heinzl F, Wenzel-
Schwarz E, Klaritsch P, Kilic E, Hoesel S, Bind R, Pabinger M
(2018) Differences between evidence-based recommendations
and actual clinical practice regarding tocolysis: a prospective
multicenter registry study. BMC Pregnancy Childb 18(1):446
Cook CM, Peek MJ (2004) Survey of the management of preterm
labour in Australia and New Zealand in 2002. Aust N Z J Obstet
Gynaecol 44(1):35-38

Parant O, Maillard F, Tsatsaris V, Delattre M, Subtil D, Goffinet
F, Group E (2008) Management of threatened preterm delivery
in France: a national practice survey (the EVAPRIMA study).
BJOG Int J Obstet Gynaecol 115(12):1538-1546

Parant O, Deudon R, Bennevent J, Viard C, Damase-Michel
C, Guyard-Boileau B (2015) Use of calcium channel blockers
(CCB) for tocolysis in France and abroad. J Gynecol Obstet Biol
Reprod 44(4):312-323

Hui D, Liu G, Kavuma E, Hewson SA, McKay D, Hannah ME
(2007) Preterm labour and birth: a survey of clinical practice
regarding use of tocolytics, antenatal corticosteroids, and pro-
gesterone. J Obstet Gynaecol Can 29(2):117-124

Diguisto C, Le Ray C, Maillard F, Khoshnood B, Verspyck
E, Perrotin F, Goffinet F (2012) Individual and organisational
determinants associated with maintenance tocolysis in the man-
agement of preterm labour: a multilevel analysis. PLoS ONE
7(12):e50788

Dehaene I, Bergman L, Turtiainen P, Ridout A, Mol BW, Lorthe
E (2017) Maintaining and repeating tocolysis: a reflection on evi-
dence. In: Seminars in perinatology, 2017, Elsevier, pp 468-476

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1002/14651858.CD002860.pub2
https://doi.org/10.1002/14651858.CD002860.pub2
https://doi.org/10.1002/14651858.CD005938.pub2
https://doi.org/10.1002/14651858.CD005938.pub2

	Maintenance tocolysis: a reappraisal of clinical evidence
	Abstract
	Introduction 
	Tocolytics for maintenance treatment 
	Discussion 

	Introduction
	Tocolytics for maintenance treatment
	Beta-sympathomimetics
	Calcium-channel inhibitors
	Cyclooxygenase inhibitors
	Magnesium
	Nitric oxide (NO) donors
	Oxytocin receptor antagonists
	Progesterone

	Discussion
	References




