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Abstract Preterm premature rupture of membranes

(PPROM) occurs in up to 3% of all pregnancies. Only few

comparative studies have investigated potential risks and

benefits between different tocolytic substances in women

with PPROM. The aim of this study was to compare the

neonatal short term outcome after tocolysis with Atosiban

or Hexoprenaline in women with PPROM. This is a ret-

rospective observational cohort study of women with

PPROM between 24 and 32 weeks of gestation comparing

neonatal and maternal outcome after tocolysis with atosi-

ban or hexoprenaline. Outcome parameters were short term

neonatal outcome, maternal tocolytic efficacy, effective-

ness and tolerability and neonatal neurodevelopmental

long-term outcome. Continuous variables were compared

using t-Test or Mann–Whitney U test, as appropriate. For

categorical variables Chi-square after Pearson and Fisher

exact-test were used to compare the two groups. 93 women

were included into this study with 42 women receiving

hexoprenaline and 51 women receiving atosiban as primary

tocolytic treatment. Mean gestational age was 29 weeks in

both groups at the time PPROM. No differences were

found for any short term neonatal outcome parameters,

tocolytic efficacy, effectiveness and tolerability and

neonatal neurodevelopmental long-term outcome. Both

hexoprenaline and atosiban do not affect the short and long

term neonatal outcome in women with PPROM for the

time of lung maturation.
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Introduction

Preterm premature rupture of membranes (PPROM) is

defined as the rupture of the amniotic membranes before

37 weeks of gestation and before the onset of labour [1].

Risk factors are multifactorial and predominantly include

infection, smoking, vaginal bleeding, lower socioeconomic

background and distension of the uterus [1]. PPROM

occurs in up to 3% of all pregnancies and accounts for one-

third of all preterm births [2–4], which is one of the leading

causes for both perinatal morbidity and mortality. Associ-

ated perinatal morbidity includes respiratory distress syn-

drome, intraventricular haemorrhage, necrotizing

enterocolitis and infection [4]. Recommended measures are

antibiotic prophylaxis to prevent chorioamnionitis and

corticosteroid therapy for long maturation. Tocolysis in

women with PPROM is controversial because apart from a

significant increase in the latency between PPROM and

delivery no significant benefits have been proven [4].

However, for the time of lung maturation a temporary

tocolysis is often considered as long as there are no signs of

intraamniotic infection. Only a few comparative studies

have investigated potential risks and benefits between dif-

ferent tocolytic substances in women with PPROM [4–7].

Most studies compared tocolysis with no tocolysis with

betamimetics being the most common tocolytic agent. One

study compared nifedipine or terbutaline with no signifi-

cant differences in neonatal outcome but fewer side effect

in the nifedipine group [8]. To date no study has compared

differences between betamimetics and Atosiban. Atosiban

is an oxytocin inhibitor and is commonly used for
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tocolysis. In women without PPROM Atosiban was not

inferior to betamimetics [9]. The aim of this study was to

compare the neonatal short term outcome after tocolysis

with Atosiban or Hexoprenaline in women with PPROM

between 24 and 31 weeks of gestation. Secondary outcome

parameters were tocolytic efficacy, effectiveness and tol-

erability and neonatal neurodevelopmental long-term

outcome.

Materials and Methods

Study Design

This is a retrospective observational cohort study of

women with PPROM between 24 weeks 0 days and

31 weeks 6 days of gestation. All women, who presented at

the outpatient clinic of the Medical University Graz with

PPROM between 2003 and 2013 were included. PPROM

was diagnosed clinically by a vaginal and abdominal

ultrasound examination and verified by a positive Amni-

Sure (Qiagen GmbH, Germantown, USA). Gestational age

was confirmed by either a first trimester ultrasound or the

first day of the last menstrual period. Maternal exclusion

criteria for were signs of infection or manifest amniotic

infection syndrome (AIS), preeclampsia, HELLP syn-

drome, maternal cardiovascular or liver diseases, and/or

placental abruption. Fetal exclusion criteria were antepar-

tum diagnosis of major fetal malformations necessitating

termination of pregnancy, any multiple gestations and/or

intrauterine death. For the period of lung maturation (2

doses of 12 mg ß-Methasone) [10] tocolysis was performed

with either hexoprenaline or atosiban. Tocolytic treatment

was assigned according to the physician’s preference or

due to exclusion criteria for the specific tocolytic as per

manufacturer’s instructions. Hexoprenaline was not given

to women with allergy, or in case of asthma with intoler-

ance to sulphite, hyperthyroidism, heart diseases, liver or

kidney diseases, and/or narrow angle glaucoma; atosiban

was not administered in case of a known allergy. Hexo-

prenaline was administered as a single intravenous loading

dose (5 lg in .9% sodium chloride solution), followed by

an intravenous infusion of 18 lg/h for 1 h. The dose was

reduced hourly till a dose of 4.3 lg/h was reached and

continued for further 44 h. Atosiban was given as a single

loading intravenous dose, 6.75 mg in .9% sodium chloride

solution, followed by an intravenous infusion of 18 mg/

hour in .9% sodium chloride solution for the first 3 h and

then 6 mg/hour for 45 h. Tocolysis was discontinued after

48 h of lung maturation. In case of drug failure and/or

ongoing contractions within 48 h a crossover to the other

tocolytic was performed. Prophylactic antibiotics were

administered according to standard; usually up to 7 days

after PPROM with a cephalosporin administered

intravenously.

Outcome Parameters

The primary outcome parameter was a composite outcome

parameter of short term neonatal outcome. The composite

outcome consists of necessity of neonatal intensive care

unit (NICU), presence of infant respiratory distress syn-

drome (IRDS), intraventricular haemorrhage (IVH),

periventricular haemorrhage (PVH), retinopathy of pre-

maturity (ROP) and neurological behaviour at the time of

discharge. Secondary outcome parameters included

maternal tocolytic efficacy, effectiveness and tolerability,

neonatal short term outcome and neonatal neurodevelop-

mental long-term outcome. Maternal outcome parameters

were defined as follows; tocolytic efficacy was defined as

percentage of women, who did not require tocolytic

crossover and were not delivered within 2 days after

PPROM. Tocolytic effectiveness was defined as percentage

of women, who were not delivered within 2 days after

PPROM independent of the tocolytic given (even if a

switch was necessary). Maternal side effects like palpita-

tion, hypotension, flushing, nausea and vomiting, maternal

tachycardia or unspecific side effects were recorded as long

as the tocolytic agent was given. Induction of labor was

either performed with vaginal dinoproston or systemic

oxytocin according to the hospital’s local protocol. In

regard to fetal long term outcome parameters the following

parameters were analyzed: percentage of NICU admission,

IRDS, IVH, PVH, periventricular leukomalacia (PVL),

ROP, arterial hypotension and abnormal neurological

behaviour. All parameters were defined according to pre-

viously described classifications [11–16]. With the cor-

rected age of 2 years infants born with very low birth

weight or any impairment at time of discharge were invited

routinely for a neuro-developmental follow up. Neuro-de-

velopmental follow up included clinical examination and if

applicable the Bayley Scales of Infant Development (BSID

II) as standardised test [17].

Ethical Consideration

The study was approved by the local ethics committee of

the Medical University Graz (IRB 26-090 ex 13/14 issued

on 20.12.2013); since this is a retrospective chart review no

written informed consent was obtained.

Statistical Analysis

Statistical analyses were performed using SPSS Statistics

23. Quantitative data are expressed as means and standard

deviations, or median (minimum–maximum), depending
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on skewness and normality of the data. Continuous vari-

ables were compared using t-Test or Mann–Whitney U test,

as appropriate. For categorical variables Chi-square after

Pearson and Fisher exact-test were used to compare the two

groups. Statistical significance was defined as a P value

of\ .05. Since this is a retrospective study including all

available patients at our department no a priori power

calculation was performed. A post hoc effect size calcu-

lation showed that we can detect an effect of d = .593 with

a power of b = .8 using a significance level of a = .05 in

the given population.

Results

Demographic Data

During the study period 121 women presented with

PPROM. 28 women were excluded from the study: 17

(14%) had signs of infection or manifest amniotic infection

syndrome (AIS), 8 (7%) had intrauterine growth restriction

(IUGR) and 3 (2%) had fetal malformations. Out of the 93

women included into this study 42 women received hex-

oprenaline and 51 women received atosiban as primary

tocolytic treatment. All women received initial lung mat-

uration. Demographic parameters at time of PPROM are

listed in Table 1. No significant differences were observed

for most parameters except body mass index that was lower

in the hexoprenaline group. Mean gestational age was

29 weeks in both groups at time of PPROM.

Obstetric Outcome

Table 2 shows the maternal outcome depending on the

treatment group. Tocolytic therapy was well tolerated in

both treatment groups with no significant differences

between the two groups. The most common side effects

were heart palpitations, hypotension and tachycardia.

Approximately half of the women had normal vaginal

delivery; 38% of the women in the hexoprenaline group

and 47% in the atosiban group had secondary caesarean

section without reaching significant difference between

groups.

Tocolytic efficacy and effectiveness is presented in

Table 3. In the total study group both tocolytic agents

showed efficacy and effectiveness in approximately 50% of

the cases; half of the neonates were delivered within 48 h

of PPROM independently of medication. No significant

differences were observed for the onset of labor after

28 weeks of gestation between the two treatment groups.

Short-term Neonatal Outcome

Neonatal outcome parameters are listed in Table 4. Length,

weight and head circumferences were around the 50th

centile with no significant differences between the two

groups. Neither were there any differences for the Apgar

scores or the umbilical cord blood values. None of the

included neonates died. Neonatal morbidities did not show

any significant differences between the two groups. At time

of discharge from the hospital 13% of the infants in the

hexoprenaline group and 9% in the atosiban group showed

any form of neurological impairment, however without

reaching significant difference between the groups. The

primary outcome parameter- composite neonatal outcome

as described above- did also not show a significant dif-

ference between the two groups.

Long-term Neonatal Outcome

In 37 infants a 2 year neuro-developmental follow up was

performed (Supplementary Table 1). 11 out of 20 infants in

the Hexoprenaline group (52%) and 5 out 16 (31%) in the

atosiban group (p = .436) showed any form of neurode-

velopmental impairment. The impairment was further

classified into mild and severe disabilities; only 4/21 (19%)

and 2/16 (13%) showed severe impairment in the hexo-

prenaline and atosiban group, respectively. The Bayley II

test was performed in 54% of the infants; the results are

also presented in supplementary Table 1. In the hexopre-

naline group half of the infants showed mild impairment;

the other half had normal test results. In the atosiban group

only one infant had severe impairment, most infants did not

show any impairment at 2 years with none of the results

being significantly different.

Discussion

This retrospective observational cohort study was designed

to investigate neonatal and maternal outcome parameters in

women with PPROM treated with two different tocolytic

Table 1 Maternal characteristics (n = 93)

H (n = 42) A (n = 51) P value

Age (years) 31.2 ± 5.1 31.2 ± 5.5 .972

Body mass index (kg/m2) 22.3 ± 2.4 25.0 ± 4.8 .003

Gravidity 2 (1–9) 2 (1–7) .179

Parity 1 (1–6) 1 (1–5) .340

Gestational age at PPROM (wk) 28.9 ± 2.4 29.1 ± 2.1 .765

Gestational diabetes 6 (14.3%) 4 (7.8%) .247

Data are presented as mean ± SD, median (min–max) or number

(percentage)

wk weeks
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agents: hexopreanline and atosiban. No differences were

found for any short term neonatal outcome paramter; nei-

ther were there any differences for any of the secondary

outcome parameters including tocolytic efficacy, effectiv-

ness and tolerability and neonatal neurodevelopmental

long-term outcome.

Although evidence is conflicting [4], tocolysis after

PPROM is recommended in some guidelines to prolong

pregnancy to allow for lung maturation in the absence of

infection [18]. In case of preterm labour betamimetics have

been shown to realiably postpone preterm labour for 48 h,

however, maternal side effects are often considerable [19].

Atosiban has been shown to have fewer side effects with

similar tocolytic efficiacy and was suggested to be con-

sidered as first-line tocolysis in Europe, where it is cur-

rently licensed [20, 21]. In our study maternal side effects

were quite low and not different between the two groups.

However, since this is a retrospective analysis some side

effects might not have been documented sufficiently.

This is the first study to report on differences in neonatal

outcome after hexoprenaline or atosiban tocolysis in case

of PPROM. Tocolytic therapy especially in PPROM is

constantly under debate. Our data suggest that tocolytic

therapy has no influence on mortality, since none of the

neonates died. The missing mortality at all might be

explained by the rather high mean gestational age of the

included neonates and the fact that neonates at highest risk

like manifest amniotic infection syndrome were excluded.

No differences were seen for any short term neonatal

outcome parameters between the two treatment groups.

Number of neonatal morbidities were comparable to liter-

ature [22, 23] suggesting that the tocolytic agents do not

affect short term neonatal outcome. However, these results

need to be interpreted with caution since the sample size is

too small in both groups.

Although neonatal morbidity is lessened with every day

of pregnancy prolongation, especially before 28 weeks of

gestation, tocolytic therapy was only given for the time of

Table 2 Tolerability and

maternal outcome associated

with tocolytic therapy (n = 93)

H (n = 42) A (n = 51) P value

Palpitations 2 (4.8%) 0 .201

Hypotension 2 (4.8%) 0 .201

Flushing 0 0 n.a.

Nausea and vomiting 1 (2.4%) 2 (3.9%) 1.000

Maternal tachycardia 3 (7.1%) 0 .088

Unspecific side effects 0 2 (3.9%) .499

Induction of labour 9 (21.4%) 11 (13.7%) 1.000

Gestational age at delivery 30.2 ± 2.1 30.5 ± 1.8 .438

Mode of delivery (Q)

Vaginal spontaneous delivery 22 (52.4%) 23 (45.1%) .464

Assisted vaginal delivery (vacuum/forceps) 2 (4.8%) 1 (2.0%)

Elective caesarean section 2 (4.8%) 3 (5.9%)

Secondary caesarean section 16 (38.1%) 24 (47.1%)

Data are presented as number (percentage)

n.a not applicable

Table 3 Tocolytic efficacy and

tolerability and tocolytic

effectiveness of hexoprenaline

and atosiban at 48 h

H (n = 42) A (n = 51) P value

Tocolytic efficacy and tolerability

No failure at 48 h 26 (54.2%) 22 (45.8%) .096

At 28 wk of gestation or before 5 (11.9%) 0 .061

After 28 wk of gestation 21 (50.0%) 22 (43.1%) .270

Tocolytic effectiveness

No failure at 48 h 22 (55.0%) 18 (45.0%) .140

At 28 wk of gestation or before 5 (11.9%) 0 .061

After 28 wk of gestation 17 (40.5%) 18 (35.3%) .376

Data are presented as number (percentage)

wk weeks
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lung maturation. Several studies have demonstrated that

longer tocolytic treatment has been associated with an

increase of neonatal and maternal side effects [22–24].

The long term neuro-developmental outcome after

2 years showed good to moderate development with most

of the infants having no or mild impairment; only 13–19%

of the infants had severe neurological impairment. How-

ever these results need to be interpreted with caution due to

the low number of infants with long term follow up. This

low number of infants with follow-up is predominantly

caused that healthy infants do not attend the developmental

outpatient clinic. Larger follow up studies are needed and

furthermore to determine any possible effects in the

development during adoloscence.

Strengths of the study is the novelty of our data showing

both maternal and neonatal outcome after therapy with two

different tocolytic agents in women with PPROM.

Limitations of the study are the retrospective design, the

relatively small sample size and physician’s choice of the

tocolytic agent. This small sample size was caused by

excluding patients with co-morbidities that made, however,

the groups more homogenous und comparable. In addition

both groups were rather similar concerning the outcome

parameters suggesting not reaching significant differences

with a larger sample size.

Conclusion

In conclusion, both hexoprenaline and atosiban seem to be

well tolerated by women with PPROM for the time of lung

maturation and do not affect the short and long term

neonatal outcome. Larger prospective trials are needed to

determine these findings and implications on long term

neurodevelopmental effects in pregnancies with PPROM.
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