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Abstract
Introduction  Premature rupture of membranes (PROM) 
occurs at term in 8% of pregnancies. Several studies have 
demonstrated that the risk of chorioamnionitis and neonatal 
sepsis increases with duration of PROM. Decreasing the 
time interval between PROM and delivery is associated 
with lower rates of maternal infections. In case of an 
unfavourable cervix, the use of prostaglandin for cervical 
maturation demonstrates some advantages over oxytocin. 
The use of double balloon catheter in reduction of PROM 
duration has not been evaluated in the literature.
Methods and analysis  We are conducting a prospective, 
monocentric, randomised clinical trial on pregnant women 
with an unfavourable cervix showing PROM at term 
(RUBAPRO).  After 12–24 hours of PROM, women are 
randomly assigned to one group treated with a double 
balloon catheter for 12 hours, with oxytocin administered 
after 6 hours or to the control group treated with 24 hours 
of vaginal prostaglandin followed by oxytocin infusion 
alone. Patients (n=80) are randomised at a 1:1 ratio with 
stratification on parity.  The inclusion criteria are a Bishop 
score of <6, cephalic presentation at term and confirmed 
PROM. Women with suspected chorioamnionitis; group 
B streptococcus (GBS) carrier; a history of caesarean 
delivery or any contraindication for vaginal delivery are 
excluded.  The time from induction to delivery is the 
primary outcome. Secondary outcomes were mode of 
delivery, maternofetal morbidity and the effect of parity on 
strategies for reduction of PROM duration.  To sufficiently 
demonstrate a difference (10 hours) between groups—
with a statistical power of 90% and a two-tailed α of 
5%—40 patients per group will be required.
Ethics and dissemination  Written informed consent is 
required from participants.  National Ethics Committee 
approval was obtained in August 2017. The results will 
be published in a peer-reviewed journal and presented at 
relevant conferences. Access to raw data will be available 
only to members of the research team.

Trial registration number  NCT03310333.

Introduction
Premature rupture of membranes (PROM) 
at term is defined as rupture of membranes 
at least 1  hour before the onset of uterine 
contractions at a gestational age of 37  weeks 
or more. It complicates 8% of pregnancies.1 
This diagnosis is associated with a risk of 
chorioamnionitis, which increases with dura-
tion of PROM.2 

Strengths and limitation of this study

►► RUBAPRO is the first randomised parallel-group trial 
to compare the use of double balloon catheter and 
oxytocin with pharmacological cervical ripening with 
vaginal prostaglandin among women with prema-
ture rupture of membranes (PROM) at term.

►► This method could represent a viable treatment 
strategy with shortening of time interval from in-
duction to delivery in case of PROM at term with an 
unfavourable cervix.

►► Physicians and patients cannot be blinded to 
treatment.

►►  Caesarean delivery may reduce the induction to de-
livery without being clinically beneficial because of 
the surgical procedure performed.

►► In order to compensate this limitation, the data ‘du-
ration of induction, labour and caesarean procedure 
in the event of an adverse outcome’ will be replaced 
by the maximum value obtained in the study for du-
ration of induction and labour in a patient with vag-
inal delivery.
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Several studies show that latency beyond 24  hours 
increases the incidence of chorioamnionitis and neonatal 
sepsis.2 3 Spontaneous labour occurs in 60%–67% of these 
patients within 24  hours.2 4 If no labour occurs, labour 
induction seems to be the optimal strategy for women 
with PROM at term.

In 2009, the American College of Obstetricians and 
Gynecologists recommended using oxytocin for induc-
tion of labour in case of PROM at term, even if the cervix is 
unfavourable.5 Several other labour-inducing options are 
available, including prostaglandin, misoprostol and Foley 
catheters; however, none of these approaches demon-
strates superiority over oxytocin in inducing labour, even 
when the cervix is unfavourable.6 7 Several studies have 
evaluated the combination of oxytocin and mechanical 
ripening devices, as oxytocin alone has not been shown to 
affect the risk of chorioamnionitis.8–11 However, a recent 
study by Mackeen et al demonstrated that groups treated 
with oxytocin and Foley catheters suffered higher rates 
of chorioamnionitis than groups treated with oxytocin 
alone, with no greater reduction in the time interval from 
induction to delivery.12 It is noteworthy that patients with 
group B streptococcus (GBS) colonisation were enrolled 
in this study and antibioprophylaxis was administered 
only in case of positive GBS and suspected intra-amniotic 
infection.

The study TERMPROM found that vaginal prosta-
glandin help to reduce latency and shorten total labour 
time compared with expectative management in unfavour-
able cervix cases.3 Vaginal prostaglandin treatment does 
not increase rates of caesarean extraction or maternal or 
fetal morbidity; however, this pharmacological ripening 
method carries the risk of uterine hyperstimulation, 
which can adversely affect fetal heart rate (FHR).13 14

Induction of labour by mechanical device is accepted 
in non-PROM cases, although mechanical treatment 
does not show any advantage over vaginal prostaglandin 
regarding rates of chorioamnionitis, endometritis and 
neonatal infection.15 Some studies have compared single 
and double balloon catheters, yet no differences in 
effects were observed.16 17 Mechanical devices do seem 
to present lower haemorrhaging risks than pharmaco-
logical approaches, but not to a statistically significant 
degree.9 18

This study evaluates the combined use of double balloon 
catheters provided by Cook Medical Europe (Ireland; 
reference: J-CRBS-184000) and oxytocin, as compared 
with treatment with vaginal prostaglandin. Our review of 
the literature, conducted on PubMed and ​ClinicalTrial.​
gov, uncovered no prior research on the use of this type 
of double balloon catheter in case of PROM at term, with 
or without administration of oxytocin.

We hypothesise that mechanical ripening using double 
balloon catheters and oxytocin will reduce the time 
between the onset of ripening and delivery. This method 
could represent a viable treatment strategy with reduced 
risk of uterine hyperstimulation in case of PROM at term 
with an unfavourable cervix.

 Methods and analysis
Study design
We are conducting a randomised controlled clinical 
trial at the University Hospital of Clermont-Ferrand, 
France on 80 patients with unfavourable cervices showing 
PROM at term without spontaneous labour. The trial was 
designed to investigate whether treatment using a double 
balloon catheter and oxytocin may improve the induction 
of labour in case of PROM at term.

The study RUBAPRO is a prospective, controlled, 
randomised, therapeutic and monocentric clinical trial 
with two parallel arms, comparing induction via double 
balloon catheter and oxytocin with vaginal prostaglandin.

This article respect items from the WHO Trial Registra-
tion Data Set and Standard Protocol Items: Recommen-
dations for Interventional Trials checklist, provided in the 
online supplementary appendix.

Study population
To be eligible for the trial, inclusion criteria include the 
following conditions:

►►  ≥18  years of age.
►► Pregnant and at term (≥37  weeks of gestation; gesta-

tional age estimated by ultrasonography between 11 
and 13 (+6) weeks of gestation).

►► Carrying a live singleton fetus in cephalic presentation.
►► Show PROM through either clinical diagnosis or 

biological detection of Insulin like Growth Factor 
Binding Protein (IGFBP)-1 in cervicovaginal secre-
tions (via the ActimProm test), and not enter sponta-
neous labour within 12–24  hours of PROM.

►► Bishop score of <6;
►► Consent to the study after being provided clear and 

appropriate information.
►► Affiliated with French healthcare.
Exclusion criteria include the following conditions:
►► Positive detection of GBS or (Streptococcus agalactiae) 

on any vaginal or urinary sample during the current 
or a previous pregnancy.

►► Contraindication for vaginal delivery (praevia 
placenta).

►► Presence of meconium in the amniotic fluid at time 
of recruitment.

►► Fever at time of recruitment.
►► Suspicion of chorioamnionitis based on Newton’s 

criteria.
►► Fetal growth restriction <3rd percentile with Doppler 

abnormalities.
►► Severe congenital fetal anomalies.
►► Uterine scarring or history of caesarean delivery.
►► Abnormal pre-induction FHR tracing.
►► Suspicion of genital herpes infection.
►► Known HIV seropositivity.
►► Contraindication for ripening via double balloon 

catheters, vaginal prostaglandin or oxytocin.
Only women meeting all inclusion criteria and 

presenting no exclusion criteria can be included in the 
trial.
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Study protocol
Recruitment
During pregnancy, patients are often informed by obste-
tricians and midwives of potentially significant symptoms 
such as membranes rupture. When a pregnant woman is 
admitted with this condition, fetal cardiotocography and 
a gynaecological examination are performed, and a diag-
nosis is made either clinically (by observing amniotic fluid 
via the cervix, spontaneously or during a coughing test) 
or using a biological test (ActimProm). If the rupture is 
confirmed, the woman is admitted. Vaginal, urinary and 
blood samples are taken. Patients showing contractions 
are accepted in the delivery room. In other cases, patients 
are kept 12–24  hours for expectant management.

Once the patient’s eligibility has been determined, she 
received a clear verbal explanation and printed informa-
tion about the study by obstetricians. Written consent is 
obtained from patients. The main stages of the study are 
described in figure 1.

A course of prophylactic antibiotics—amoxicillin, 
or clindamycin in case of penicillin allergy—is begun 

on recruitment and extends to the delivery to prevent 
chorioamnionitis.

Randomisation
Randomisation and data collection are conducted using 
Research Electronic Data Capture (REDCap) software. 
The randomisation algorithm requires confirmation of 
the presence of all inclusion criteria and the absence 
of exclusion criteria. Randomisation is carried out in 
random-sized blocks with stratification on parity to avoid 
prognostic imbalance between groups. The randomi-
sation algorithm is known only by the data manager of 
REDCap, and not by any of the doctors.

 Intervention
Participants are assigned to either the mechanical or the 
pharmacological cervical ripening group:

►► Mechanical cervical ripening (Cook Cervical Ripening 
Balloon, Cook Medical Europe, Ireland, reference: 
J-CRBS-184000):

The catheter is placed according to the manufactur-
er’s instructions.19 Each balloon is filled with 40–80  mL 
of saline solution, as tolerated by the patient. Expected 
volume is 80  mL. No traction is realised on the cath-
eter. The device remains in place for 12  hours. The 
FHR is monitored for 30  min before and 2  hours after 
placement.

Oxytocin is injected 6  hours after placement, with 
epidural anaesthesia as per patient's demand.

The cervix is controlled after removal of the catheter 
(H12), or earlier if the patient has severe pain or sponta-
neously expulses the device. Administration of oxytocin 
is continued according to uterine contractions after cath-
eter loss or removal.

►► Pharmacological cervical ripening (prostaglandin 
PGE2 (Propess), Ferring SAS, Gentilly, France):

A Propess vaginal system is inserted by a midwife, with 
or without a speculum. As in the catheter procedure, FHR 
is monitored 30  min before and 2  hours after placement.

The vaginal system is placed for a maximum of 
24  hours. If it is expulsed in the first 12  hours and the 
patient has no contractions or still shows an unfavourable 
cervix, another vaginal system is placed for a maximum of 
another 24  hours.

After this first step, the procedure continues with intra-
venous oxytocin, which can be administered 30  min after 
removal of the vaginal system, with or without epidural 
anaesthesia as per the patient's request.

For this patient group, FHR is checked every 6  hours.

Patient follow-up
After the induction of labour, patient pain is assessed every 
6  hours until device removal; clinical management is the 
same for both groups and follows the service protocol. 
Oxytocin is administered according to contractions and 
FHR, and the midwife monitors temperature, blood pres-
sure and pain, as recommended.20

Figure 1  Flow chart describing the main stages of the 
study. PROM, premature rupture of membrane.  
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If the patient experiences an obstructed labour, the 
midwife must call the physician on duty. FHR abnormal-
ities are interpreted according to revised FIGO classifi-
cations.21 The final delivery method (vaginal delivery or 
caesarean extraction) is decided by the physician on duty.

After delivery, the midwife takes samples from the 
placenta and newborn (gastric fluid, umbilicus, anus and 
ear canal).

After 2  hours of postdelivery supervision, the patient is 
taken back to her room. Data regarding potential mater-
nofetal infections are recorded and used in the analysis. 
No additional visits after discharge are scheduled in the 
protocol.

Blinding
The nature of intervention makes it impossible to blind 
the physicians, midwives or patients.

Objectives
Primary objective
To demonstrate that labour induction via the Cook 
double balloon catheter combined with oxytocin treat-
ment can reduce the time between induction of labour 
and delivery—as compared with vaginal prostaglandin 
treatment, which is the accepted recommendation—in 
case of PROM at term with an unfavourable cervix.

Secondary objectives
To compare maternofetal impacts of each induction 
strategy, and to study how parity affects each plan.

Study end points
Primary outcome
The primary outcome is the time between induction (the 
hour of placement of induction device) and delivery (the 
hour of birth).

Secondary outcomes
Maternal evaluation
Time between PROM and the beginning of induction; 
rate of delivery within the first 24  hours; duration of 
induction device placement; rate of spontaneous or 
assisted vaginal delivery; rate of caesarean section and 
indications; rate of postpartum haemorrhage (blood loss 
>500  mL); Bishop score or measure of dilatation on loss 
or removal of catheter; rate of balloon expulsion within 
12  hours of placement; rate of oxytocin cessation due to 
suboptimal FHR; rate of balloon or vaginal prostaglandin 
ablation due to suboptimal FHR; rate of epidural anal-
gesia; time taken to achieve active labour and full dila-
tation; pain levels at time of placement, every 6  hours 
and after the ablation; rate of uterine hyperstimulation 
(defined as >6 contractions/10  min over any 30  min 
period); rate of fever during labour; rate of chorioamnio-
nitis based on Newton’s criteria, rate of endometritis, rate 
of histological chorioamnionitis and positive bacterial 
culture.

Neonatal morbidity
Birth weight, rate of Apgar score <7  at 5  min, rate of 
umbilical artery pH <7.15, rate of neonatal intensive care 
unit admission, rate of maternal fetal infection.

Patient and public involvement
This study investigates patients' interests. The regional 
ethics committee is composed by patients’ representatives 
who gave their agreement for the design of the protocol. 
By means of the committee, data about pain during 
placement of device and the ripening are recorded. 
After the ripening, safety profiles will be recorded by the 
following question: "for next pregnancy, if a ripening will 
be indicated, will you agree to have the same device of 
ripening?”

Patients are clearly informed of the objectives, course, 
benefits and risks of the study and can ask all their ques-
tions to the investigator before giving their consent. An 
informative flyer presenting the results will be sent to 
them at the end of the study at their request.

Sample size calculation
We determined sample size with the aim of highlighting a 
significant difference between randomised groups in the 
time between induction (the hour of placement of induc-
tion device) and delivery (hour of birth). According to 
data from our centre and a study by Mackeen et al,10 the 
SD of the primary outcome will be around 10  hours. To 
achieve a two-sided type I error of 5% with a statistical 
power of 90% and to highlight a clinical and relevant 
absolute difference of 9  hours, 26 patients per group 
are needed. However, to guarantee satisfactory statistical 
power for secondary outcomes, we propose to include 40 
patients per group.

Statistical analysis
All analysis will be conducted with Stata (V.13, StataCorp, 
College Station, Texas, USA) and R (http://​cran.​r-​
project.​org) software, in line with the International 
Conference on Harmonization Good Clinical Practice 
guidelines. A two-sided p value of <0.05  will be used for 
statistical significance. Intention-to-treat analysis will be 
the primary analysis method. A per-protocol analysis will 
also be conducted to account for protocol deviations. 
Patients who withdraw consent will not be included in the 
analysis. Continuous variables will be presented as means 
and SD, or as medians and quartiles. Normality will be 
assessed by the Shapiro-Wilk test, and homoscedasticity 
by the Fisher-Snedecor test.

The comparison of the primary outcome between 
randomised groups will be performed using Student’s 
t-test, or a non-parametric Mann-Whitney U test if 
the assumptions of t-test will not met. Results will be 
reported as effect sizes with 95% CIs. Then, multivari-
able analyses will be conducted using linear regression 
models to account for possible confounding covariates, 
with models selected according to clinical relevance and 
stratification variables. Normality of residuals will be 
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assessed using the Shapiro-Wilk test. If appropriate, a 
logarithmic transformation will be proposed to achieve 
normality of the primary outcome. The results will be 
expressed as regression coefficients with 95% CIs. In 
a secondary analysis, the primary outcome will be also 
treated as censored data associated with a favourable 
outcome (uncomplicated delivery, without caesarean 
section), so the estimation will be realised using the 
Kaplan-Meier method and comparison performed 
through a log-rank test. For multivariable analysis, Cox 
proportional hazards analysis will be carried out. Propor-
tional hazard assumptions will be verified by applying 
the Schoenfeld test and plotting residuals. Results will 
be reported as HRs with 95% CIs.

Student’s t-test or Mann-Whitney U test will be used for 
other quantitative parameters such as time from PROM 
to induction; duration of induction device placement; 
Bishop score; time taken to achieve active labour and 
full dilatation; birth weight and levels of neonatal arte-
rial blood gases. Results will be reported as effect sizes 
with 95% CIs; Χ2 test or Fisher’s exact test will be used 
for categorical parameters, including rates of delivery 
within the first 24  hours; spontaneous or assisted vaginal 
delivery; caesarean section; postpartum haemorrhage; 
balloon expulsion within 12  hours of catheter placement; 
oxytocin cessation due to suboptimal FHR; balloon or 
vaginal prostaglandin ablation due to suboptimal FHR; 
epidural analgesia; uterine hyperstimulation; fever during 
labour; Apgar score <7  at 5  min; neonatal intensive care 
unit admission; maternal infection; chorioamnionitis 
based on Newton’s criteria; endometritis and histological 
chorioamnionitis. Results will be expressed as absolute 
differences with 95% CIs. Then, multivariate analyses 
will be conducted using regression models: linear regres-
sion for quantitative outcomes and generalised linear 
regression for categorical outcomes. The results will be 
expressed, respectively, as regression coefficients and 
relative risks, with 95% CIs.

Concerning the study of the parameters collected longi-
tudinally (in particular, evaluation of pain caused by the 
induction device on placement, every 6  hours and after 
ablation), mixed models will be used to take into account 
between and within patient variability (as random-effect). 
The following fixed effects will be analysed: randomisa-
tion group, time and interactions (time×group).

According to clinical relevance, European Medicines 
Agency and Consolidated Standards of Reporting Trials 
recommendations, subgroup analysis will be proposed 
after the study of subgroups×randomisation  group 
interactions in regression models. Missing values will be 
noted and analysed (this is particularly relevant to the 
fact that performing a caesarean may hasten delivery 
without overall clinical benefit). More precisely, a 
sensitivity analysis will be performed and the nature 
of missing data will be evaluated to determine the role 
of randomness. If the frequency is >5%, additional 
studies will be performed using the multiple imputa-
tion methods.

Data Monitoring Safety Committee
A Data Monitoring Safety Committee (independent from 
the laboratory) will discuss the results of intermediate anal-
ysis. Committee meetings will cover blocks of 20 patients. 
The committee consists of two independent members 
who work in the University Hospital of Clermont-Ferrand 
(one a gynaecologist who does not work in obstetrics unit, 
one paediatrician), and two doctors of public health from 
Grenoble University Hospital (France).

The committee will examine all records concerning 
the transfer of participating patients or their newborn 
infants to intensive care or reanimation units. Interme-
diate safety analysis will be conducted concerning the rate 
of caesarean and chorioamnionitis. The analysis will be 
performed both with and without knowledge of what data 
correspond to which study group, in order to determine 
which is the exposed group. The study will be halted if 
the exposed group is the double balloon catheter group.

Data storage and management
Data storage and management are performed according 
to international guidelines relevant in French institu-
tions. All data are recorded by a resident and a clinical 
research associate. The data are entered into the rando-
misation software REDCap22 and anonymised. Data 
quality control measures will include queries to identify 
outliers and missing data. Only the two above-mentioned 
staff members and the study principal investigator (PI) 
will have access to protected personal health informa-
tion. After inclusion, a unique identifier will be stored 
in a locked cabinet. The PI will ensure that anonymity is 
preserved. The PI will have access to the final trial data 
set, as will a biostatistician.

An adverse event (AE) is defined as any untoward 
medical occurrence in a patient taking part in the study. 
A serious AE is defined as any untoward occurrence that 
requires hospitalisation or prolongation of existing hospi-
talisation; results in persistent or significant disability; is 
life-threatening or results in death or is otherwise consid-
ered medically significant by the investigator. AE will be 
recorded on an AE form. An assessment of the gravity, 
possible causality and expectedness event/reaction will 
be undertaken. Resolution of these events will be entered 
on the AE form.

Ethics and dissemination
The first patient inclusion was on 12 February 2018, and 
we hope to recruit a total of 80 patients within 18  months 
of the first recruitment.

The protocol respects the Declaration of Helsinki. This 
monocentric, randomised, parallel-group trial is regis-
tered at http://www.​clinicaltrials.​gov under the regis-
tration number NCT03310333. We will publish findings 
from this study in a peer-reviewed scientific journal and 
present results at national and international conferences, 
regardless of whether they are statistically significant.

The study is funded from the research budget of the 
University Hospital of Clermont-Ferrand, and receives no 
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funding from double balloon catheter or vaginal prosta-
glandin insert manufacturers.

Discussion
RUBAPRO is the first monocentric, open-label, paral-
lel-group, randomised controlled trial to compare treat-
ment using a double balloon catheter combined with 
oxytocin with treatment with vaginal prostaglandin in 
case of PROM at term with an unfavourable cervix.

Our objective is to shorten the time interval between 
the beginning of ripening and delivery, which could 
decrease the risk of chorioamnionitis and therefore of 
maternal or fetal infection.

If it is not shown to worsen maternofetal morbidity, the 
use of the Cook double balloon catheter in case of PROM 
may be authorised as a viable induction strategy. Further 
trials are also planned to explore the use of double 
balloon catheters in patients with colonisation of GBS.

Some studies have found a lower rate of caesarean 
section for uterine hyperstimulation when mechanical 
ripening devices are used instead of prostaglandin. We 
know caesarean is associated with extended hospitalisa-
tion, thromboembolic risk, postoperative wound infec-
tion and higher cost; regarding fetal morbidity, caesarean 
increases the risk for neonatal respiratory distress, admis-
sion to neonatal care unit and neonatal mortality.

If our hypothesis is confirmed, quicker ripening via 
double balloon catheter and oxytocin will decrease time 
spent in the delivery room, thus improving prospects for 
and reducing the cost of delivery.

Limitations of this study include the impossibility of 
blinding.

Conclusions
This trial is built to demonstrate a reduction of time 
between induction and delivery when a mechanical 
ripening device and oxytocin are used instead of a phar-
macological approach in case of PROM at term with an 
unfavourable cervix. Results could support the use of 
double balloon catheters as a viable treatment for PROM.
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