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Abstract
Purpose To compare the effectiveness of cervical ripening by a mechanical method (double-balloon catheter) and a phar-
macological method (prostaglandins) in women with one previous cesarean delivery, an unfavorable cervix (Bishop score 
< 6), and a singleton fetus in cephalic presentation.
Methods This retrospective study, reviewing the relevant records for the years 2013 through 2017, took place in two French 
university hospital maternity units. This study included women with one previous cesarean delivery, a liveborn singleton 
fetus in cephalic presentation, and intact membranes, for whom cervical ripening, with unfavorable cervix (Bishop score 
< 6) was indicated for medical reasons. It compared two groups: (1) women giving birth in a hospital that uses a protocol for 
mechanical cervical ripening by a double-balloon catheter (DBC), and (2) women giving birth in a hospital that performed 
pharmacological cervical ripening by prostaglandins. The principal endpoint was the cesarean delivery rate. The secondary 
outcome measures were maternal and neonatal outcomes.
Results We compared 127 women with prostaglandin ripening to 117 women with DBC. There was no significant difference 
between the two groups for the cesarean rate (42.5% in the prostaglandin group and 42.7% in the DBC group; p = 0.973; crude 
OR 1.01 [0.61–1.68]; adjusted OR 1.55 [0.71–3.37]). The median interval between the start of ripening and delivery did not 
differ between the groups (28.7 h in the prostaglandin group vs 25.6 h in the DBC group; p = 0.880). Neonatal outcomes did 
not differ between the groups, either. There was one case of uterine rupture in the prostaglandin group, with no associated 
maternal or neonatal morbidity. There were no neonatal deaths. The postpartum hemorrhage rate was significantly higher 
in the DBC group.
Conclusion For cervical ripening for women with one previous cesarean, the choice of a pharmacological or mechanical 
protocol does not appear to modify the mode of delivery or maternal or neonatal morbidity.
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Introduction

The objective of cervical ripening is to modify the cervix to 
enable vaginal delivery for women whose cervix is unfavora-
ble. The alternative is a planned cesarean delivery, which is 

associated with recognized risks of both short- and long-
term neonatal and maternal morbidity [1, 2]. In women with 
a uterine scar, trial of vaginal delivery (VBAC, vaginal birth 
after cesarean) exposes the mother to the risk of uterine rup-
ture and the fetus to the ensuing neonatal consequences [3]. 
Because of the rarity of this complication, however, trial of 
vaginal delivery is a reasonable option that is encouraged 
by various professional societies [4–7]. Although VBAC 
rates have dropped over time, the rates of successful trials 
of labor have remained constant, around 75% [3]. Accord-
ingly, simultaneously increasing VBAC rates and decreas-
ing complications related to multiple cesareans requires a 
reduction in the rates of planned cesarean and higher rates 
of planned vaginal deliveries. One step toward achieving 
these goals might be the planning of vaginal delivery even 
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in cases of an unfavorable cervix, when fetal or maternal 
conditions indicate the need for delivery. Debate about the 
use of prostaglandins in women with a previous cesarean 
and an unfavorable cervix focuses around the risk of uterine 
rupture [8–11]. Methods of mechanical cervical ripening 
are a potential alternative as they result in fewer abnormali-
ties in uterine dynamics. Nonetheless, the studies assessing 
mechanical methods have several biases that limit the inter-
pretation of their results [12–16].

The objective of this study was to compare the effective-
ness of cervical ripening by a mechanical method (double-
balloon catheter) and by a pharmacological method (prosta-
glandins) in women with one previous cesarean delivery, an 
unfavorable cervix (Bishop score < 6), and a singleton fetus 
in cephalic presentation.

Materials and methods

Population

This retrospective study took place in two French university 
hospital maternity units (level III) and covered all women 
who met the inclusion criteria in 2014–2017, that is, if they 
had a history of one cesarean delivery and a subsequent live 
birth of a singleton fetus in cephalic presentation, regard-
less of term, after undergoing cervical ripening for a medi-
cal indication and an unfavorable cervix (Bishop score < 6). 
Accordingly, women were excluded if they had two or more 
previous cesareans, an in utero fetal death before labor, spon-
taneous rupture of the membranes, presentations other than 
cephalic, or multiple pregnancies, or when vaginal delivery 
was contraindicated (placenta previa, dystocic presentation). 
Because one maternity ward used a protocol for mechanical 
cervical ripening by a double-balloon catheter (DBC), and 
the other a protocol for pharmacological cervical ripening 
by prostaglandins, we compared the groups of women giving 
birth in each hospital.

Protocols of cervical ripening

The maternity ward using the DBC planned the mode of 
delivery for women with a previous cesarean during col-
lective obstetric staff meetings at 36 weeks of gestation. A 
planned cesarean was performed at 39 weeks if estimated 
fetal weight exceeded 4500 g or if the woman had a history 
of uterine rupture. Trial of VBAC was proposed in all other 
situations, with the choice left to the woman, who could 
refuse it. The balloon used for cervical ripening is a double 
balloon (cervical ripening balloon, Cook OB/GYN, Spen-
cer, IN, USA). An intern placed the DBC in the morning, 
in the labor room. Fetal heart rate (FHR) was monitored 
for 30 min before the placement. Each balloon was inflated 

with a quantity of sterile water, ranging from 10 to 80 ml as 
a function of maternal tolerance (pain). FHR was monitored 
continuously after placement for two hours, and the DBC 
was left in place for 24 h. FHR was monitored for 30 min 
that evening and then the next morning, before the DBC 
was removed.

If the membranes ruptured, the DBC was removed and 
expectant management adopted until the next morning for 
women whose 9th-month vaginal sample was negative for 
streptococci B. In women with streptococci B colonization, 
the team providing care could choose between immediate 
induction if the cervix was favorable or expectant manage-
ment with antibiotic therapy (1 g amoxicillin every 8 h) until 
the next morning. In the case of poor maternal tolerance, the 
DBC could be deflated or even removed, but the induction 
would not continue until the next morning. The team also 
determined what action to take if the DBC was dislodged 
or lost. If the woman entered labor, the DBC was removed 
and she was transferred to the labor room. Otherwise, the 
DBC was removed the next morning, 24 h after placement, 
and the cervix was reassessed by digital cervical examina-
tion before the staff meeting so that a collective decision 
could be reached about the next steps. Either the cervix was 
favorable (that is, Bishop score ≥ 6) and induction contin-
ued by oxytocin, or it was unfavorable (Bishop score < 6), 
in which case there were two possibilities: continuation of 
induction by oxytocin, if the couple agreed, or immediate 
cesarean delivery.

The center using cervical ripening by prostaglandins 
also decided mode of delivery collectively, each morn-
ing, at the daily obstetric staff meeting, which considered 
the files of women between 36 and 38 weeks of gestation. 
The indications for planned cesareans were a history of 
uterine rupture, an abnormally narrow pelvis (transverse 
median < 10.5 cm, median conjugate < 9.5 cm, and inter-
spinous diameter < 8.5  cm), an estimated fetal weight 
(EFW) of 4250–4500 g associated with abnormal pelvic 
measurements (transverse median < 11 cm, median con-
jugate < 10 cm, and interspinous diameter < 9 cm), or an 
EFW > 4500 g. First-line cervical ripening in this hospital 
was performed by PGE2 administered as an intracervical 
gel. The protocol of prostaglandin administration takes into 
account the fact that the uterus is scarred. Specifically, a 
dose of prostaglandins was administered daily for up to 7 
consecutive days if the cervix remained unfavorable and 
in the absence of intercurrent events requiring emergency 
delivery, to aimed at inducing cervical ripening, but not 
labor at any cost. On days 1, 2, and 3, dinoprostone, 0.5 mg, 
was administered intracervically (Prepidil®); on day 4, 
misoprostol (Cytotec®) was administered intravaginally at 
a dose of 25 μg, and on days 5, 6, and 7, at a dose of 50 μg. 
Residents placed the prostaglandins in the morning in the 
labor room. Fetal heart rate was monitored continuously for 
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30 min before placement and was required to be normal. 
FHR monitoring continued for 2 h after administration. 
Thereafter, the woman could return to her hospital room 
if she had not entered labor and the FHR was normal. FHR 
was also monitored for 30 min each evening. If the cervix 
appeared favorable during this process, oxytocin was admin-
istered to induce labor.

After 7 days, if the woman had not entered spontane-
ous labor and the cervix remained unfavorable, the avail-
able alternatives were induction by oxytocin with an unripe 
cervix or an immediate cesarean.

In this hospital, an intern performed a routine manual 
uterine examination after delivery to ensure the integrity 
of the uterine scar. In the case of scar dehiscence or uterine 
rupture, surgical revision by laparotomy was considered only 
in cases of hemorrhage.

In the maternity ward performing mechanical cervical 
ripening, the women to be included were identified by the 
PMSI (discharge summary) code O34.2, and data were col-
lected retrospectively from each medical file. All data had 
initially been collected prospectively at each prenatal visit 
and at delivery by the healthcare professionals managing 
the woman. In the department using pharmacological rip-
ening, women were identified from the department’s com-
puter database. The entire medical file was computerized 
and was completed prospectively at each visit, at delivery, 
and during the postpartum period. All data were verified at 
the obstetrics staff meeting the day after the delivery. These 
medical records were reviewed individually and completely 
for women with uterine rupture, uterine dehiscence, or a 
pH < 7.0.

Statistical analyses

We collected the following data: the mothers’ characteris-
tics, any disease or disorders occurring during pregnancy, 
the methods used for cervical ripening, characteristics of 
labor and delivery, any complications of delivery, and neo-
natal characteristics.

The principal endpoint was the cesarean rate. The second-
ary outcome measures concerned mothers and babies. The 
secondary maternal outcomes were: mode of delivery, post-
partum hemorrhage (defined by blood loss > 500 cc), time 
from the start of the cervical ripening procedure to both the 
start of labor and to delivery, and the occurrence of a uterine 
rupture, defined by complete rupture of the myometrium 
and serosa. The secondary perinatal outcome measures were 
death, FHR abnormalities during labor, umbilical artery pH 
at birth, the 5-min Apgar score, and intubation in the deliv-
ery room.

First, we studied the comparability of the two groups for 
maternal and obstetric characteristics. Then we conducted 
univariate analyses to compare the prostaglandin group and 

the DBC group for the principal endpoint and the second-
ary outcome measures. Finally we used a logistic regression 
model to perform a multivariate analysis for the principal 
endpoint. The model included the variables that differed sig-
nificantly between the two groups in the univariate analysis 
(p < 0.2). The analyses were performed with Stata software 
version 13.0. We used Student’s t, χ2, and Fisher’s exact tests 
for the univariate analyses.

This study was approved by the National Data Protection 
Authority (Commission Nationale de l’Informatique et des 
Libertes, CNIL no. 293683). Under French regulations, this 
study was exempt from Institutional Review Board approval 
because it was an observational study using anonymized 
data from medical records. Women were informed that their 
records could be used for the evaluation of medical practices 
and were allowed to opt out of these studies.

Results

This study included 244 women: 127 in the prostaglandin 
group and 117 in the DBC group. Compared with the prosta-
glandin group, the DBC group contained significantly more 
women younger than 30 years, who were nulliparous, had a 
normal body mass index (BMI), and a history of VBAC, and 
fewer with preexisting diabetes at pregnancy (Table 1). The 
groups did not differ for pregnancy complications, except 
that the prostaglandin group had a higher frequency of preg-
nancy-related hypertension.

The principal indications for this cervical preparation in 
the prostaglandin group were post-term status (22.0%) and 
oligohydramnios (22.8%), and in the DBC group post-term 
status (32.4%) (Table 2). The groups did not differ for mean 
gestational age at cervical ripening. In the prostaglandin 
group, 68 women (53.5%) received a single ripening agent, 
24 (20.5%) two agents, and 35 (27.5%) at least three. The 
DBC was successfully placed in every case.

There were significantly more women with a long, 
closed cervix before cervical preparation in the prostaglan-
din group, and more improvement in cervical length in the 
DBC group.

During this procedure, the women in the prostaglandin 
group required more opioids than those in the DBC group 
(Table 3). Spontaneous labor occurred significantly more 
often in the prostaglandin group. The indications for induc-
tion of labor after cervical ripening were significantly dif-
ferent between the two groups: for the prostaglandin group, 
these indications were more often favorable cervix (68.2%) 
and FHR abnormalities (18.9%) and in the DBC group, 
favorable cervix (49.1%) and “on maternal request” (20.5%).

One emergency cesarean took place, for bradycardia, 
during DBC placement. This woman experienced sig-
nificant pain during the placement and had a vasovagal 
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syncope after inflation of the vaginal balloon; fetal brad-
ycardia was recorded by FHR monitoring during this 
reaction.

Use of oxytocin was less frequent in the prostaglandin 
than the DBC group, and its mean duration of use was 
shorter. The maximum dose administered did not differ.

The principal endpoint did not differ significantly between 
the groups. The cesarean rate was 42.5% in the prostaglan-
din group and 42.7% in the DBC group (p = 0.97), crude 
OR 1.01 [0.61–1.68]. This did not change after adjustment 
for maternal age, BMI, parity, fetal macrosomia, indica-
tion for cervical ripening, cervical length, tone and opening 
before ripening: adjusted OR 1.56 [0.71–3.41]. However, 
after adjusting for confounders, although the association is 

non-significant, there is a higher risk of a cesarean section 
in the DBC group.

The rate of cesareans during labor was not significantly 
different between the two groups. But the indications of 
caesarean during labor significantly differed according to 
the group. Concerning the indications of caesarean dur-
ing labor, there were significantly more cesareans for FHR 
abnormalities in the prostaglandin than in the DBC group. 
Significantly fewer women in the prostaglandin group went 
into labor or gave birth on the first day (Table 4). None-
theless, the median time from the start of the cervical rip-
ening procedure to both entry into labor and delivery did 
not differ significantly between the groups. The duration of 
labor was significantly shorter in the prostaglandin than in 

Table 1  Mothers’ characteristics Prostaglandins Balloon catheter p
n = 127
n (%)

n = 117
n (%)

Age (years) (mean ± SD) 32.5 ± 5.4 31.0 ± 5.1 0.03
 < 30 41 (32.3) 48 (41.0)
 30–39 74 (58.3) 63 (53.9)
 ≥ 40 12 (9.5) 6 (5.1)

Body mass index (kg/m2; mean ± SD) 28.1 ± (5.2) 26.5 ± 6.3 0.02
 < 18.5 2 (1.7) 2 (1.7)
 18.5–24.9 36 (29.8) 57 (48.7)
 25–29.9 41 (33.9) 30 (25.6)
 30–39.9 40 (31.5) 23 (19.6)
 ≥ 40 2 (1.7) 5 (4.2)

Parity 0.05
 1 75 (59.1) 80 (68.4)
 2 26 (20.5) 26 (22.2)
 ≥ 3 26 (20.5) 11 (9.4)

History of delivery
 Vaginal birth after cesarean 0.08
  0 97 (76.4) 102 (87.2)
  1 20 (15.8) 11 (9.4)
  ≥ 2 10 (7.9) 4 (3.4)

Preexisting diabetes at pregnancy 1 (0.85) 9 (7.09) 0.01
Pregnancy-related disease
 Pregnancy-related hypertension 15 (11.8) 4 (3.4) 0.01
 Preeclampsia 21 (16.5) 16 (13.6) 0.53
 Gestational diabetes 23 (18.11) 27 (23.07) 0.33
  Treated by diet 18 16
  Treated by insulin 5 11

 Threatened preterm delivery 0 (0) 0 (0)
 IUGR < 10th percentile 19 (15,0) 15 (12.8) 0.63
 Macrosomia > 90th percentile 28 (22.1) 14 (11.9) 0.05
 Vaginal sample during 9th month performed to 

diagnose streptococcus infection
0.25

  Positive 17 (13.4) 11 (9.4)
  Negative 97 (76.4) 99 (84.6)
  Not done 13 (10.2) 7 (6.0)
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Table 2  Characteristics of 
cervical ripening

Prostaglandins Balloon catheter p
n = 127
n (%)

n = 117
n (%)

Indication 0.004
 Post-term 28 (22.0) 38 (32.4)
 Oligohydramnios 29 (22.8) 5 (4.2)
 Reduction in active fetal movements 10 (7.9) 14 (11.9)
 Type 2 diabetes mellitus 6 (4.7) 4 (3.4)
 Obstetric disease 17 (13.4) 12 (10.2)
 Fetal disease 14 (11.0) 20(17.0)
 Hypertensive disease 23 (18.1) 19 (16.2)
 Other 0 (0) 5 (4.2)

Term (weeks) (mean) 39.2 39.0 0.44
 < 37 14 (11.0) 15 (12.8)
 37–39 26 (20.5) 26 (22.2)
 ≥ 39 87 (68.5) 76 (65.0)

Number of ripening agents (median [range]) 1 [1–8] 1 [1–2] 0.0001
 1 68 (53.5) 117 (100)
 2 24 (20.5)
 ≥ 3 35 (27.5)

Prostaglandin gel, intracervical 124 (97.6) 0
Prostaglandin gel, intravaginal 6 (4.7) 0
Misoprostol 21 (16.5) 0
Cook® balloon catheter 8 (6.3) 117 (100)
Volume, vaginal balloon (ml) (mean) – 75.9
Volume, uterine balloon (ml) (mean) – 77.6
Cervical characteristics before ripening
 Cervical length  < 0.001
  Long 101 (79.5) 43 (36.7)
  Semi-long 7 (5.5) 62 (52.9)
  Short 19 (15.0) 12 (10.4)

 Cervical tone 0.001
  Firm 75 (59.1) 45 (38.4)
  Soft 52 (40.9) 72 (61.6)

 Cervical dilation 0.294
  Closed 52 (40.9) 50 (42.7)
  1 52 (40.9) 54 (46.1)
  ≥ 2 23 (18.2) 13 (11.2)

Cervical characteristics after ripening
 Cervical length
  Long 33 (26.0) 9 (7.7)
  Short 94 (74.0) 108 (92.3)

 Cervical tone
  Firm 28 (22.0) 12 (10.3)
  Soft 99 (78.0) 105 (89.7)

 Cervical dilation
  Closed 7 (5.5) 5 (4.3)
  1 14 (11.0) 21 (17.9)

 ≥ 2 106 (83.5) 91 (77.8)
Cervical modification after ripening
 Cervical length 75 (59.0) 96 (82.0) 0.001
 Cervical tone 45 (35.4) 33 (28.2) 0.22
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the DBC group (343 min (5 h 43 min) versus 515 min (8 h 
35 min); p = 0.001). The same was true for each of the dif-
ferent phases of labor (Table 4).

There were significantly more postpartum hemorrhages 
in the prostaglandin than the DBC group.

Two uterine dehiscences were observed in the DBC group 
during the manual uterine examination performed for bleed-
ing, and no uterine rupture. There was one uterine rupture in 
the prostaglandin group and two scar dehiscences observed 
during cesareans. The uterine rupture involved a 24-year-
old secundiparous woman, at term. She had a dose of Pre-
pidil® gel placed three times, 24 h apart. On D4, she was 
induced by oxytocin with a favorable cervix. Labor lasted 
5 h 30 min, and she received oxytocin to a maximum dose of 
20 ml/h (5 IU/500 cc) for 3 h. Because of fetal bradycardia 
and sudden pelvic pain at 3 cm, an emergency cesarean was 
performed. A complete uterine rupture of the entire previous 
incision scar was observed during this cesarean delivery. She 
gave birth to a boy weighing 3440 g, with Apgar scores of 
2/2/7/8, and a pH of 7.06. He required pediatric management 
at birth: intubation at 7 min of life for respiratory distress, 
with extubation at 18 min. He then accompanied his mother 
to her room.

There were no significant differences between the groups 
for the secondary neonatal outcome measures (Table 5). No 
neonatal deaths occurred.

Discussion

This study shows that the effectiveness of cervical ripening 
for women with a previous cesarean delivery and a single-
ton live fetus in cephalic presentation was similar whether 
performed mechanically by a DBC or pharmacologically, 
by prostaglandins. There was one case of uterine rupture 
in the prostaglandin group, with no associated maternal or 
neonatal morbidity.

Interpretation of results

The success rate of trial of labor for vaginal birth after cesar-
ean (VBAC)—57.5% in the prostaglandin group and 57.2% 
in the DBC group—is similar to rates previously reported 
by earlier studies of women planning to attempt VBAC and 
requiring cervical ripening [8, 9, 17–21]. Nonetheless, few 

studies in the literature have compared prostaglandins and 
DBC, and their results have been contradictory. The study 
by Kehl et al. comparing cervical ripening by PGE2 only 
to ripening by DBC followed by recourse to PGE2 depend-
ing on the cervical modifications did not find a significant 
difference in the cesarean rates [22]. One of the limitations 
of their study was that it did not explain the basis of its 
decisions to use PGE2 or DBC. The study by Ben-Aroya 
et al., comparing cervical ripening by prostaglandins and by 
a Foley catheter, clearly showed a significantly higher cesar-
ean rate in the Foley catheter group [23]. The limitations of 
this study were the small number of subjects, the lack of 
information about cervical characteristics at the start and end 
of the ripening, and the time until ripening occurred, which 
was not indicated. Moreover, no information was provided 
about the indication for the cesareans, and the authors did 
not explain the basis for the choice of preparation method. 
The data in the literature are thus sparse and have important 
limitations. Our study provides supplementary information 
with methodological strengths and more women.

It nonetheless lacks the power to show a significant dif-
ference, if one exists, in the onset of rare and serious events, 
such as uterine rupture. We note however that a case of uter-
ine rupture did occur in the prostaglandin group—and none 
in the DBC group. We observed two scar dehiscences in 
each group; this result must nonetheless be qualified by the 
fact that a manual uterine examination was routinely per-
formed in the maternity ward using prostaglandins. These 
are the rates of uterine rupture currently found in the litera-
ture and were based on standardized definitions of uterine 
rupture and scar dehiscence [15, 17, 23–27]. As of now, 
no study has had the power required to reach a conclusion 
about the risk of uterine rupture with the use of either DBC 
or prostaglandins.

Looking at other obstetric complications, we note that the 
DBC was successfully placed in every case, even though the 
study began simultaneously with the DBC’s initial use in 
the department; the physicians were therefore inexperienced 
with it at the start. The placement failure rate reached 0.8% 
in the study by Cromi et al. [28]. Bradycardia occurred in 
one fetus during DBC placement and resulted in an emer-
gency cesarean. Contrary to the literature, there were no 
such cases in the prostaglandin group [28, 29]. Cervical rip-
ening by prostaglandins appeared to be perceived as more 
painful than that by DBC, consistent with the data in the 

Table 2  (continued) Prostaglandins Balloon catheter p
n = 127
n (%)

n = 117
n (%)

 Cervical opening 83 (65.3) 78 (66.6) 0.82
 Use of opioids 45 (35.4) 10 (8.6)  < 0.001
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Table 3  Characteristics of labor 
and delivery

Prostaglandins Balloon catheter p
n = 127
n (%)

n = 117
n (%)

Course of labor
 Meconium-stained amniotic fluid 36 (31.0) 21 (20.0) 0.06
 Fetal heart rate abnormalities 46 (39.6) 47 (44.7) 0.44
 Hyperthermia 9 (7.7) 4 (3.8) 0.201
 Fetal tachycardia 18 (15.5) 0 (0)  < 0.001
 Oxytocin
  Use of oxytocin 70 (55.1) 90 (76.9)  < 0.001
  Maximum dose (ml/h) (mean) 42 42
  Mean duration of use (min) 291 455  < 0.001

 Mode of delivery 0.97
  Vaginal delivery 73 (57.5) 67 (57.2)
  Cesarean 54 (42.5) 50 (42.7)
   Before labor 11/54 (20.4) 12/50 (24.0)
   During labor 43/54 (79.6) 38/50 (76.0)

Vaginal delivery 0.85
 Spontaneous 48/73 (65.8) 43/67 (64.2)
 Instrumental vaginal delivery 25/73 (34.3) 24/67 (35.8)
 Indications for instrumental vaginal deliveries 0.44
  Fetal heart rate abnormalities 14/25 (56.0) 16/24 (66.6)
  Labor dystocia 11/25 (44.0) 8/24 (33.4)

 Perineum
  Intact 30/73 (41.1) 14/67 (20.9) 0.01
  Episiotomy 29/73 (39.7) 29/67 (43.3) 0.67
  3rd and 4th degree perineal lacerations 0/73 (0) 1/67 (1.5) –

Cesarean
 Phase of 1st stage of labor at which intrapartum 

cesarean delivery took place
0.27

  Latent phase < 6 cm 42/43 (77.8) 43/38 (86)
  Active phase ≥ 6 cm 12/43 (22.2) 7/38 (14)

 Indications for caesarean delivery 0.014
  Fetal heart rate abnormalities 36/54 (66.7) 20/50 (40.0) 0.006
  Failure of cervical ripening/induction (< 6 cm) 15/54 (27.7) 24/50 (48.0) 0.03
  Failure to progress (≥ 6 cm) 1/54 (1.8) 3/50 (6.0)
  Other 2/54 (3.7) 3/50 (6.0)

Duration
 Duration of labor (min)
  Mean 340 510 < 0.001
  Median 302 475 < 0.001

 Duration from onset of labor to 6 cm (min)
  Mean 197 308 < 0.001

 Duration from 6 cm—delivery (min)
  Mean 16 201 0.003

Complications
 Postpartum hemorrhage ≥ 500 ml 3 (2.4) 14 (12.0) 0.004
  Sulprostone 5 4
  Embolization 0 0
  Surgery 0 0
  Transfusion 0 0

 Dehiscence scar 2 (1.5) 2 (1.7) 0.33
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Table 3  (continued) Prostaglandins Balloon catheter p
n = 127
n (%)

n = 117
n (%)

 Uterine rupture 1 (0.7) 0 (0) 0.93

Table 4  Duration of labor (after 
exclusion of 370 cesareans 
before labor)

Prostaglandins Balloon catheter p
n = 116
n (%)

n = 105
n (%)

Interval from start of cervical ripening to onset of labor < 0.001
 24 h 61 (52.9) 76 (72.3)
 48 h 21 (18.1) 27 (25.7)
 72 h 16 (13.8) 2 (1.9)
 ≥ 4 days 18 (15.6) 0 (0)
 Mean (min) 2202 1186 < 0.001
 Median (min) 1140 1320 0.55

Start of cervical ripening to active phase of labor (6 cm) < 0.001
 24 h 44 (53.0) 27 (36.4)
 48 h 18 (21.7) 46 (62.1)
 72 h 7 (8.4) 1 (1.3)
 ≥ 4 days 14 (16.8) 0 (0)
 Mean (min) 2088 1518

Start of cervical ripening to delivery < 0.001
 24 h 52 (44.8) 29 (27.6)
 48 h 27 (23.3) 74 (70.4)
 72 h 14 (12.1) 2 (1.9)
 ≥ 4 days 23 (19.8) 0 (0)
 Mean (min) 2533 1702 < 0.001
 Median (min) 1536 1720 0.88

Duration of labor (min)
 Mean 343 515 < 0.001
 Median 312 490 < 0.001

Table 5  Neonatal characteristics

G grams, SD standard deviation

Prostaglandins Balloon catheter p
n = 127
n (%)

n = 117
n (%)

5-min Apgar score < 4 0 (0) 0 (0) –
Umbilical artery pH
 < 7.20 25 (19.7) 27 (23.7) 0.45
 < 7.10 9 (7.1) 6 (5.3) 0.56
 < 7.0 2 (1.6) 2 (1.8) 0.91

Intubation in delivery room 2 (1.6) 1 (0.85)) 0.93
Birth weight in grams (mean ± SD) 3177.7 ± 745 3207.4 ± 637
 > 90th percentile 22 (17.3) 21 (18.0) 0.9
 < 10th percentile 33 (26.0) 6 (5.1) < 0.001
 < 3rd percentile 18 (14.2) 16 (13.7) 0.9

Death 0 0
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literature [30]. Finally, we found no difference concerning 
infectious complications, although the literature on the topic 
is somewhat controversial [30]; nonetheless, women with 
preterm rupture of the membranes were excluded from the 
study.

Consistent with the literature, our study showed a higher 
rate of spontaneous labor and lower rate of oxytocin use 
in the prostaglandin group [28]. It appears that mechanical 
cervical ripening results in most cases in continuation by 
induction by oxytocin at higher doses and for a longer time 
than after ripening by prostaglandins, which more often pro-
duce spontaneous labor. A high rate of oxytocin use creates 
a risk of uterine rupture, emergency cesarean delivery, and 
postpartum hemorrhage [31–33].

Strengths and limitations

This study is original in its focus on the comparison between 
the methods of mechanical and pharmacological cervical 
ripening in women with a previous cesarean—a topic lit-
tle studied until now. Although many physicians are begin-
ning to use mechanical methods to prepare the cervix for 
women with unfavorable local conditions who would previ-
ously have had a repeat cesarean delivery, it was necessary 
to assess these practices. A second originality lies in our 
principal endpoint. The literature is currently debating the 
definition of the failure of cervical ripening. Assessments 
of the effectiveness of agents for this purpose use a vari-
ety of principal endpoints, involving mode of delivery, or 
a time interval, or entry into the active phase of labor. We 
chose the cesarean rate as our principal endpoint the cesar-
ean rate, because its reduction is the major clinical benefit 
expected from cervical ripening. It thus appears to us to be 
the criterion most clinically relevant for assessing protocols 
intended to accelerate cervical ripening. Our study provides 
the information often absent from studies of this procedure, 
including the indications for cesareans, maternal morbid-
ity, postpartum hemorrhage, and neonatal condition—all 
important elements to consider in assessing protocols for this 
procedure. Finally, the previous studies comparing mechani-
cal and pharmacological methods of cervical ripening have 
included small numbers of women, fewer than 100 women 
in each group. Our study has the advantage of including 
more women.

The limitations of this study are, first of all, its retro-
spective character; nonetheless, the data were collected pro-
spectively, with an exhaustive list of data for each woman, 
verified daily. After adjustment for several factors, the OR 
for cesarean rate reached no statistical significance but 
changed obviously from 1.01. to 1.56, suggesting a possible 
increased risk of cesarean delivery for DBC group. But this 
result must be interpreted with caution because we have few 
effective, few cases of cesarean and in comparison several 

factors of adjustment, so we lacked of statistical power to 
conclude. It also did not include enough women to provide 
adequate power to reach conclusions about rare events such 
as uterine rupture. Protocols of induction used in these two 
maternities are rather individual and can limit the external 
validity of this study. But the objective of this study was to 
compare two policies of practices of induction (mechanical 
versus pharmacological) and not to compare two different 
protocols. Finally, women’s satisfaction with each of these 
methods could not be studied.

Conclusion

Our results suggest that DBC and prostaglandins are cervical 
ripening methods with equivalent effectiveness for women 
with a previous cesarean delivery and unfavorable local con-
ditions. Both enable vaginal delivery in nearly half of all 
cases. Our study thus demonstrates that either method can 
be used for cervical ripening in women with a uterine scar, 
to avoid systematic realization of planned cesarean deliv-
ery. A mechanical cervical ripening by DBC can be a safe 
option for practitioners not performing, currently, a cervical 
ripening by prostaglandins. But DBC for cervical ripening 
in women with previous cesarean still needs to be evaluated 
and it is necessary to be very careful about the induction of 
labor with oxytocin, after DBC, when the cervix remained 
persistently unfavorable, in view of the potential associa-
tion with increased uterine rupture rates. In the meantime, 
prostaglandins may be preferred because we have more data 
on their uses in this indication. A much larger study, such as 
a multicenter randomized trial of a large number of women, 
would be necessary to examine rare, serious events.
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