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The safety of methods of labor induction in women with previous cesarean deliveries is still
debated. We investigated perinatal outcomes associated with labor induction among
women with a trial of labor after one cesarean delivery.
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This retrospective study included 339 women with a trial of labor after one prior cesarean
and a singleton term fetus in cephalic presentation in 2013–2016 in a French maternity unit.
Labor induction was performed with oxytocin, artificial rupture of membranes and/or prostaglandin E2, according to the Bishop score. The primary outcome was a composite of uterine
rupture, low Apgar score, neonatal resuscitation or admission to a neonatal unit. The secondary outcomes included cesarean delivery after onset of labor, postpartum hemorrhage
and maternal hospital stay after delivery. We used logistic regression to estimate odds ratios
adjusted (aOR) for potential confounders.
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Methods

Results
In our sample, 67.3% of women had spontaneous labor and 32.7% were induced. More
than half of the women received oxytocin during labor regardless of the mode of labor. The
proportions of the composite outcome and of cesarean after onset of labor were higher in
the induced group compared to the spontaneous group (26.1% vs 15.8%, p = 0.02 and
45.0% vs 27.6%, p<0.01, respectively). There were 9 uterine ruptures (2.6%) and this proportion was higher in the induced group compared to the spontaneous group, although this
difference was not statistically significant (3.6% vs 2.2%, p = 0.48). After adjustment, labor
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induction was associated with higher risks of the composite outcome (aOR = 2.45, 95% CI:
1.29–4.65), cesarean after onset of labor (aOR = 2.06, 95% CI: 1.15–3.68) and maternal
hospital stay after delivery �6 days (aOR = 6.20, 95% CI: 3.25–11.81). No association was
found with postpartum hemorrhage.

Conclusion
Labor induction after one prior cesarean was associated with a higher risk of adverse perinatal outcome. Nevertheless, the higher proportion of uterine rupture did not differ significantly
from that in the spontaneous labor group.

Introduction
Cesarean section rates increased worldwide from 12.1% in 2000 to 21.1% in 2015 [1]. Consequently, the number of pregnant women with previous cesarean deliveries has also increased.
For instance, the proportion of pregnant women with a history of cesarean delivery increased
in France from 8% to 11% between 2003 and 2016 [2, 3]. Cesarean births are an important
concern because the presence of a uterine scar increases the risk of uterine rupture, which is
associated with major risks of perinatal mortality and maternal and infant morbidity [4–8]. A
previous cesarean delivery is also associated with higher risks of abnormal placentation [9, 10],
hysterectomy [10, 11] and blood transfusion [10] for the subsequent pregnancies.
There are no adequately randomized controlled trials that have assessed the safety and
effectiveness of methods of induction in women with a prior cesarean delivery [12]. Whether
labor can be induced in women with a previous cesarean section is still debated, in particular
in the case of an unfavorable cervix [13, 14]. Nevertheless, several observational studies have
shown that labor induction in such cases is associated with a higher risk of uterine rupture
when oxytocin is used compared with no oxytocin or spontaneous labor [5, 8, 15–18]. For
induction with vaginal prostaglandin E2, the results are inconsistent: some studies found that
prostaglandin E2 is associated with a higher risk of uterine rupture compared to other means
of induction or spontaneous labor [5–7], while others did not [8, 19–21].
This study assessed perinatal outcomes associated with labor induction versus spontaneous
labor among women with one previous cesarean delivery.

Methods
Study design and population
We conducted an observational retrospective study in one tertiary university hospital in
France from January 1st, 2013 to October 26th, 2016. Data were obtained from the computerized database of the maternity unit recording all live births and stillbirths at 22 weeks of gestational age (GA) or more. This database includes information on maternal sociodemographic
characteristics, medical and obstetrical history, pregnancy complications, delivery and infant
outcomes at birth, as well as surgical reports.
This observational study used anonymized data from medical records and was approved by
the CNIL (Commission Nationale de l’Informatique et des Libertés) under the notification
number 2020 0117175609.
The study population included women with a history of one cesarean delivery and a singleton live fetus in cephalic presentation born at 37 weeks GA or more. Exclusion criteria were:
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preterm births <37 weeks GA, multiple pregnancies, stillbirths and terminations of pregnancy,
non-cephalic presentation, no history of cesarean delivery, a history of uterine surgery.
Women with an elective cesarean delivery for the current pregnancy were also excluded.

Definition of outcomes
The primary outcome was a composite criterion of adverse perinatal outcomes including any
of the following: uterine rupture, Apgar score <7 at 5 minutes and neonatal resuscitation in
the delivery room or admission to a neonatal unit. The diagnosis of uterine rupture was based
on surgical reports and defined as a complete disruption of the prior uterine scar including the
peritoneum. Neonatal resuscitation was defined as oxygen administration or intubation in the
delivery room. At the time of the study period, cord blood pH and lactate were determined
only in cases of risk of fetal distress that included all emergency situations (cesarean section
after onset of labor, placental abruption, uterine rupture, vasa previa, etc.). Because these tests
were not systematically performed, we did not include cord blood pH and lactate in the composite criteria.
The secondary outcomes included cesarean section after onset of labor, postpartum hemorrhage and duration of maternal stay after delivery above 6 days. Based on French guidelines,
postpartum hemorrhage was defined as a blood loss of at least 500 mL estimated by clinicians
regardless of the mode of delivery [22]. We considered maternal hospital stay after delivery �6
days as an adverse outcome because the average length of hospital stay after a cesarean section
in France in 2010 was 5.4 days [2].

Covariables
Maternal characteristics included maternal age, parity, body mass index (BMI) before pregnancy and geographical origin. We also reported information on previous deliveries and current pregnancy complications. Neonatal characteristics included gestational age at delivery,
birthweight and the infant’s sex. Birthweight was expressed as a continuous variable and in
percentiles defined using an intrauterine growth reference adapted to the French population
[23]. In France, gestational age is determined from the crown-rump length at the first ultrasound scan between 11+0 and 13+6 weeks [24].
Indications for labor induction were categorized into 5 classes: prolonged pregnancy, premature rupture of membranes (PROM), maternal medical cause (hypertensive diseases, diabetes, etc.), fetal cause (antenatal suspicion of growth restriction or macrosomia) and other
indications. Indications for cesarean section after onset of labor were classified as follows: failure to progress, non-reassuring fetal monitoring, maternal cause and other indications. We
also reported information on obstetrical management during labor: the type of analgesia, the
use of intravenous oxytocin for labor augmentation and the method used for the induction of
labor. In the maternity unit, the protocol for induction of labor in women who had one previous cesarean section and a favorable cervix (Bishop score �6) consisted of an amniotomy, secondarily associated with intravenous oxytocin. In contrast, vaginal prostaglandin E2 was used
in women with an unfavorable cervix (Bishop score <6). Prostaglandin was kept for up to 24
hours with regular fetal heart monitoring. In the case of uterine contractions with cervical
modifications or a favorable cervix, labor was continued with an amniotomy associated, if necessary, with oxytocin. A cesarean section was performed if the cervix was unchanged or unfavorable after 24 hours with vaginal prostaglandin E2. At the time of the study period, the Foley
catheter and the double-balloon catheter were not used in the maternity unit.
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Statistical analysis
Maternal, pregnancy and neonatal characteristics as well as obstetrical management were compared between women with spontaneous labor and those with induced labor in univariate analysis using Student’s t-tests for continuous variables and chi-squared or Fisher exact tests for
categorical variables. Statistical significance was defined for a p-value <0.05. The association
between mode of labor and perinatal outcomes was assessed using a multivariable logistic regression to estimate odds ratios adjusted for potential confounding factors (aOR). We used directed
acyclic graphs (DAGs) in order to select co-variables included in the multivariable models based
on the literature and clinical assumptions. Interactions between labor induction and several covariables (parity, pregnancy complications) were tested and were not significant. Because of the
small number of uterine ruptures and neonates with a low Apgar score, we did not perform multivariable analysis separately for these two outcomes. However, these outcomes were included in
the composite criteria of adverse perinatal outcomes. Finally, we described clinical characteristics
and neonatal outcomes including cord blood pH and lactate related to cases with uterine rupture.
Analyses were performed using Stata 13.0 software (StataCorp LP, College Station, TX, USA).

Results
Among the 11,843 births at 22 weeks GA or more recorded during the study period, 339
women had a history of one cesarean delivery and a singleton live fetus in cephalic presentation born at 37 weeks GA or more (Fig 1). Among the 339 women, 67.3% had spontaneous

Fig 1. Flow chart.
https://doi.org/10.1371/journal.pone.0237132.g001
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labor and 32.7% were induced. Maternal pre-pregnancy BMI was higher in the group of
women with labor induction compared to women with spontaneous labor (26.1 kg/m2 vs. 24.3
kg/m2, p<0.01). (Table 1) None of the other maternal characteristics differed between the
groups. More than half of the women received oxytocin during labor regardless of the mode of
onset of labor.
Among the 111 women who had induction of labor, the primary indication was maternal
medical causes (34.2%) followed by prolonged pregnancy (26.1%). (Table 2) Labor was mainly
induced with prostaglandin E2 (41.8%), then with both prostaglandin E2 and oxytocin
(31.8%) and finally with oxytocin only (26.4%).
Maternal and neonatal outcomes are compared according to the mode of onset of labor in
Table 3. The rates of the composite adverse perinatal outcome and cesarean section after onset
of labor were higher in women with labor induction compared to those with spontaneous
labor (respectively, 26.1% vs. 15.8%, p = 0.02 and 45.0% vs. 27.6%, p<0.01). Overall, there
were 9 uterine ruptures: 2.2% in the spontaneous group and 3.6% in the induced group
(p = 0.48). There was a higher proportion of women who stayed more than 6 days after delivery in the induced group (39.1% vs. 9.0%, p<0.01). No difference was found between groups
for postpartum hemorrhage. For neonatal outcomes, resuscitation in the delivery room was
more frequent in infants born to mothers who were induced than in mothers with spontaneous labor (18.9% vs 9.6%, p = 0.02) and there was a non-significant trend to a higher rate of
admission to a neonatal unit (14.4% vs. 8.3%, p = 0.08).
After adjustment for covariables, the risk of the composite adverse perinatal outcome was
increased compared to women with spontaneous labor (aOR = 2.45, (95% confidence interval
(CI): 1.29–4.65)). (Table 4) Induction was associated with higher risks of cesarean section
(aOR = 2.06, 95% CI: 1.15–3.68) and maternal stay after delivery �6 days (aOR = 6.20, 95%
CI: 3.25–11.81). No association was found with postpartum hemorrhage.
Table 5 reports information on the mode and duration of labor, gestational age at birth,
drugs used to induce labor and the results of cord blood tests for the 9 uterine ruptures. Oxytocin was used in 6 cases (including 5 cases in women with spontaneous labor) and rupture of
membranes was artificial in 7 cases. Three infants had a cord blood pH <7.15 and were transferred to a neonatal unit.

Discussion
Main findings
In our maternity unit, one-third of women with a prior cesarean birth and a trial of labor were
induced. Uterine rupture was seen in 2.6% of cases and this proportion was higher in the
induced group compared to the spontaneous group, although this difference did not reach significance. Oxytocin was administered to more than half of the women. Labor induction was
associated with higher risks of the composite adverse perinatal outcome, cesarean section and
longer maternal stay after delivery compared to spontaneous labor.

Limitations and strengths
Our study had several limitations. As we used an observational design, we were not able to
establish a causal effect between mode of labor and observed perinatal outcomes. Our study
was also retrospective, leading to a lower quality of data compared to a prospective study.
However, adverse maternal outcomes as uterine rupture are rare and therefore many studies
of the association between mode of labor and pregnancy outcomes in women with previous
cesarean birth have also used a retrospective design [6, 8, 18, 19, 25–28]. In addition, the size
of our sample was too small to compare methods of induction and therefore our analysis was
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Table 1. Maternal, obstetrical and neonatal characteristics according to mode of onset of labor.
Total

Spontaneous labor

Induction of labor

n (%) or mean ± sd

n (%) or mean ± sd

n (%) or mean ± sd

339 (100)

228 (67.3)

111 (32.7)

Maternal age (years)

33.0 ± 4.4

33.0 ± 4.4

33.1 ± 4.6

Parity

1.3 ± 0.7

1.3 ± 0.7

1.4 ± 0.8

0.43

Pre-pregnancy BMI (kg/m2)

24.8 ± 5.2

24.3 ± 5.0

26.1 ± 5.5

<0.01
0.57

Total

p-value

Maternal characteristics
0.89

Geographical origin
France

167 (49.3)

113 (49.6)

54 (48.6)

Europe

22 (6.5)

16 (7.0)

6 (5.4)

Africa

121 (35.7)

77 (33.8)

44 (39.6)

29 (8.5)

22 (9.6)

7 (6.3)

74 (21.8)

50 (21.9)

24 (21.6)

0.95

Failure to progress

78 (23.0)

59 (25.9)

19 (17.1)

0.31

Non-reassuring fetal status

150 (44.2)

95 (41.7)

55 (49.5)

Other countries
Obstetrical history
Previous vaginal delivery
Indication of previous cesarean delivery

Maternal indication

26 (7.7)

15 (6.6)

11 (9.9)

Breech presentation

37 (10.9)

26 (11.4)

11 (9.9)

Other

48 (14.2)

33 (14.5)

15 (13.5)

54.6 ± 36.7

53.2 ± 34.5

57.6 ± 40.9

0.31

None

206 (60.8)

156 (68.4)

50 (45.0)

<0.01a

Diabetes

63 (18.6)

28 (12.3)

35 (31.5)

Hypertensive diseases

10 (2.9)

4 (1.7)

6 (5.4)

Antenatal suspicion of FGR or macrosomia

24 (7.1)

14 (6.1)

10 (9.0)

Other

36 (10.6)

26 (11.4)

10 (9.0)

Artificial rupture of membranes

164 (48.4)

108 (47.4)

56 (50.4)

0.59

Oxytocin use

187 (55.5)

123 (54.4)

64 (57.7)

0.58

Epidural analgesia

312 (92.0)

215 (94.3)

97 (87.4)

<0.01a

Spinal anesthesia

16 (4.7)

5 (2.2)

11 (9.9)

Other

4 (1.2)

2 (0.9)

2 (1.8)

7 (2.1)

6 (2.6)

1 (0.9)

Interval between cesarean section and actual delivery (months)
Pregnancy complications

Obstetrical management

Type of analgesia

None
Neonatal characteristics
Gestational age at birth (weeks)
37–38

62 (18.3)

37 (16.2)

25 (22.5)

39–40

206 (60.8)

159 (69.7)

47 (42.3)

41+

71 (20.9)

32 (14.0)

39 (35.1)

<0.01

Birthweight
<10th percentileb

34 (10.0)

22 (9.6)

12 (10.8)

10-90th percentileb

280 (82.6)

190 (83.3)

90 (81.1)

25 (7.4)

16 (7.0)

9 (8.1)

170 (50.1)

112 (49.1)

58 (52.2)

90th percentileb
Male sex
a
b

0.88

0.59

Fisher’s exact test
Based on an intrauterine growth curve adapted to the French population for gestational age and sex.

https://doi.org/10.1371/journal.pone.0237132.t001
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Table 2. Indications and methods used among women with induced labor.
Induction of labor
n (%)
Total N = 111
Indications of induction of labor
Maternal indications

38 (34.2)

Prolonged pregnancy

29 (26.2)

PROM

17 (15.3)

Fetal indications

10 (9.0)

Other

17 (15.3)

Induction with
Prostaglandin E2 alone

46 (41.8)

Prostaglandin E2 + oxytocin

35 (31.8)

Oxytocin alone

29 (26.4)

https://doi.org/10.1371/journal.pone.0237132.t002

performed in women who had induced labor regardless of the method used, as in other studies
[19]. The sample size was also not sufficient to detect differences in outcomes such as uterine
rupture, however, this outcome was analyzed using a composite criterion of adverse perinatal
outcomes. Finally, the results of our single-center study cannot be extrapolated to medical
practices in France. Nevertheless, we retrospectively reviewed all surgical reports in medical
records while several previous studies included uterine rupture based on a diagnosis code
using hospital discharge databases [15, 26].

Interpretation
We found that labor induction was associated with an increased risk of cesarean section compared to spontaneous labor and this result is concordant with previous reports. In a large prospective study in the United States, labor induction was associated with a lower success rate of
vaginal birth after a trial of labor [29]. One retrospective study also found a higher risk of
cesarean section for women with a trial of labor compared to spontaneous labor [19]. In
Table 3. Maternal and neonatal outcomes according to the mode of onset of labor.
Total

Spontaneous labor

Induction of labor

n (%)

n (%)

n (%)

339 (100)

228 (67.3)

111 (32.7)

113 (33.3)

63 (27.6)

50 (45.0)

<0.01

9 (2.6)

5 (2.2)

4 (3.6)

0.48b

Postpartum hemorrhage

32 (9.4)

24 (10.5)

8 (7.2)

0.33

Maternal hospital stay �6 days

63 (18.9)

20 (9.0)

43 (39.1)

<0.01

4 (1.2)

3 (1.3)

1 (0.9)

1b

Resuscitation

43 (12.7)

22 (9.6)

21 (18.9)

0.02

Admission to a neonatal unit

35 (10.3)

19 (8.3)

16 (14.4)

0.08

65 (19.2)

36 (15.8)

29 (26.1)

0.02

Total

p-value

Maternal outcomes
Cesarean section after onset of labor
Uterine rupture

Neonatal outcomes
Apgar score <7 at 5 minutes

a

Composite adverse perinatal outcome
a
b

Includes uterine rupture, Apgar score <7 at 5 minutes, neonatal resuscitation in the delivery room or admission to a neonatal unit
Fisher’s exact test.

https://doi.org/10.1371/journal.pone.0237132.t003
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Table 4. Association between maternal and neonatal outcomes and induction of labor.
Induction of labor
Crude OR (95% CI)

Adjusted OR (95% CI)

2.14 (1.33–3.44)

2.06 (1.15–3.68)

Maternal outcomes
Cesarean sectiona
b

Postpartum hemorrhage

0.66 (0.28–1.52)

0.66 (0.27–1.63)

Maternal hospital stay �6 daysc

6.51 (3.58–11.84)

6.20 (3.25–11.81)

Resuscitationd

2.18 (1.14–4.17)

2.49 (1.25–4.97)

Admission to a neonatal unite

1.85 (0.91–3.76)

2.19 (1.03–4.64)

Composite adverse perinatal outcomese

1.89 (1.08–3.28)

2.45 (1.29–4.65)

Neonatal outcomes

Reference group: spontaneous labor.
CI: confidence interval.
a

Adjusted for maternal age, parity, pre-pregnancy BMI, geographical origin, pregnancy complications, previous

vaginal delivery, gestational age and birthweight.
b
Adjusted for maternal age, parity, pre-pregnancy BMI, epidural analgesia, oxytocin administration during labor,
mode of delivery, episiotomy, duration of labor and birthweight.
c
d
e

Adjusted for maternal age, parity, pregnancy complications and geographical origin
Adjusted for birthweight, sex and gestational age.
Adjusted for maternal age, parity, pre-pregnancy BMI, geographical origin, previous vaginal delivery, oxytocin

administration during labor, birthweight, sex and gestational age.
https://doi.org/10.1371/journal.pone.0237132.t004

contrast, in a population of low-risk nulliparous women, a recent multicenter randomized trial
found a lower risk of cesarean section after induction of labor [30] and this confirms that a
first cesarean section has an impact on mode of delivery.
In previous retrospective population-based and single center studies, rates of uterine rupture were between 0.5% and 2% [5, 8, 17, 26]. In our series, this rate was 2.6% and was also
high among women with spontaneous labor (2.2%). Several observational studies found an
increased risk of uterine rupture related to labor induction after a prior cesarean birth [6, 8,
31], while other studies did not [19, 20]. In our study, almost one-third of women in the
induced group received both prostaglandin and oxytocin; oxytocin was frequently used during
Table 5. Characteristics of the nine cases with uterine rupture.
Labor and delivery characteristics

Neonatal outcomes

Case Type of
induction

Gestational age at
birth

Drugs used

Duration of labor
(hours)

Cord blood
pH

Cord blood
lactate

Admission to a neonatal
unit

1

Spontaneous

40+3

Oxytocin and ARM

4

6.99

8.6

No

2

Spontaneous

40+5

Oxytocin and ARM

10

7.29

4.2

No

3

Spontaneous

40+4

Oxytocin

4.5

7.16

8.7

No

4

Spontaneous

40+0

Oxytocin and ARM

8

7.19

5.9

No

5

Spontaneous

40+6

Oxytocin and ARM

5

7.18

3.1

No

6

Induction

40

PGE2

3

7.3

4.0

Yes

7

Induction

38+1

PGE2 and ARM

1

6.98

12.0

Yes

8

Induction

40+5

PGE2 and ARM

6.5

7.28

4.7

No

9

Induction

39+5

PGE2 and then oxytocin and
ARM

2

7.13

7.7

Yes

ARM: artificial rupture of membranes; PGE2: prostaglandin E2.
https://doi.org/10.1371/journal.pone.0237132.t005
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labor, regardless of mode of onset of labor, and this practice may have an effect on the risk of
uterine rupture even in women with spontaneous labor. A large prospective study using the
National Institute of Child Health and Human Development Maternal–Fetal Medicine Units
Network showed that the risk of uterine rupture increased with the use of oxytocin alone and
increased more with the use of prostaglandin with or without oxytocin [32]. A nested-control
study also found that a maximum dose of oxytocin above 20 mU/min was associated with a
four-fold increased risk of uterine rupture [18]. Unfortunately, this information was not available in our study.
We found that labor induction was related to a �6-day maternal hospital stay after delivery.
This result may be related to the higher proportion of cesarean section in the induced group as
cesarean sections result in a longer hospital stay compared to vaginal deliveries. There was also
a trend to a higher proportion of pregnancy complications and admission to a neonatal unit in
the induced group and this could impact the duration of maternal stay after delivery. We did
not find an association between labor induction and the risk of postpartum hemorrhage. This
result is not concordant with previous studies, which found a higher risk of postpartum hemorrhage related to labor induction [33]. Many other factors such as duration of the second
stage of labor could influence these results and were not investigated in our study.
After one previous cesarean birth, all professional societies recommend an assessment of
individual risks to select candidates for a trial of labor [13, 34–37]. The selection of eligible
women for a trial of labor after one previous cesarean birth would be relevant to the assessment of benefits and harms associated with the mode of birth. Compared to an elective repeat
cesarean section, a trial of labor increases the risk of uterine rupture and is associated with a
higher risk of neonatal hypoxic–ischemic encephalopathy [5, 7, 32]. In contrast, it is also
important to avoid elective cesarean section because this increases the risk of maternal death
and neonatal respiratory morbidity compared to vaginal delivery [38, 39]. However, a study
using the 2010 French Perinatal Survey showed that 42% of women eligible for a trial of labor
had an elective repeat cesarean delivery [40].
Prostaglandin E1 (i.e. misoprostol) was found to be associated with an increased risk of
uterine rupture and there is a consensus not to use it in women with one previous cesarean
delivery [13, 34, 41, 42]. In contrast, professional societies have not contraindicated the use of
prostaglandin E2, but have recommended avoidance of its use in women with prior cesarean
delivery [13, 34–36] in favor of the use of a Foley catheter, which seems to be associated with a
lower risk of uterine rupture compared to induction with prostaglandins [6, 43]. However, a
recent Cochrane review reported that randomized controlled studies of birth outcomes among
women with prior cesarean section were underpowered to detect significant differences
between methods of induction [12]. Large studies assessing the use of the Foley catheter to
induce labor in women with a prior cesarean delivery are needed.

Conclusion
Labor induction among women with a previous cesarean delivery was associated with
increased risk of adverse perinatal outcomes. We estimated that the risk of uterine rupture was
high, even in the case of spontaneous labor, highlighting that oxytocin administration during
labor in women with a uterine scar should be used with caution and only if necessary.
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Writing – review & editing: Anne-Gaël Cordier, Anne Chantry, Alexandra Benachi, Isabelle
Monier.

References
1.

Boerma T, Ronsmans C, Melesse DY, Barros AJD, Barros FC, Juan L, et al. Global epidemiology of
use of and disparities in caesarean sections. Lancet. 2018; 392(10155):1341–8. https://doi.org/10.
1016/S0140-6736(18)31928-7 PMID: 30322584.

2.

Blondel B, Lelong N, Kermarrec M, Goffinet F, National Coordination Group of the National Perinatal S.
Trends in perinatal health in France from 1995 to 2010. Results from the French National Perinatal Surveys. Journal de gynecologie, obstetrique et biologie de la reproduction. 2012; 41(4):e1–e15. https://
doi.org/10.1016/j.jgyn.2012.04.014 PMID: 22613118.

3.

Blondel B, Coulm B, Bonnet C, Goffinet F, Le Ray C, National Coordination Group of the National Perinatal S. Trends in perinatal health in metropolitan France from 1995 to 2016: Results from the French
National Perinatal Surveys. Journal of gynecology obstetrics and human reproduction. 2017; 46
(10):701–13. https://doi.org/10.1016/j.jogoh.2017.09.002 PMID: 29031048.

4.

Chauhan SP, Martin JN Jr, Henrichs CE, Morrison JC, Magann EF. Maternal and perinatal complications with uterine rupture in 142,075 patients who attempted vaginal birth after cesarean delivery: A
review of the literature. American journal of obstetrics and gynecology. 2003; 189(2):408–17. https://
doi.org/10.1067/s0002-9378(03)00675-6 PMID: 14520209.

5.

Lydon-Rochelle M, Holt VL, Easterling TR, Martin DP. Risk of uterine rupture during labor among
women with a prior cesarean delivery. The New England journal of medicine. 2001; 345(1):3–8. https://
doi.org/10.1056/NEJM200107053450101 PMID: 11439945.

6.

Ravasia DJ, Wood SL, Pollard JK. Uterine rupture during induced trial of labor among women with previous cesarean delivery. American journal of obstetrics and gynecology. 2000; 183(5):1176–9. https://
doi.org/10.1067/mob.2000.109037 PMID: 11084562.

7.

Smith GC, Pell JP, Pasupathy D, Dobbie R. Factors predisposing to perinatal death related to uterine
rupture during attempted vaginal birth after caesarean section: retrospective cohort study. Bmj. 2004;
329(7462):375. https://doi.org/10.1136/bmj.38160.634352.55 PMID: 15262772; PubMed Central
PMCID: PMC509342.

8.

Zelop CM, Shipp TD, Repke JT, Cohen A, Caughey AB, Lieberman E. Uterine rupture during induced
or augmented labor in gravid women with one prior cesarean delivery. American journal of obstetrics
and gynecology. 1999; 181(4):882–6. https://doi.org/10.1016/s0002-9378(99)70319-4 PMID:
10521747.

9.

National Institutes of H. National Institutes of Health Consensus Development Conference Statement
vaginal birth after cesarean: new insights March 8–10, 2010. Seminars in perinatology. 2010; 34
(5):351–65. https://doi.org/10.1053/j.semperi.2010.06.002 PMID: 20869552.

10.

Silver RM, Landon MB, Rouse DJ, Leveno KJ, Spong CY, Thom EA, et al. Maternal morbidity associated with multiple repeat cesarean deliveries. Obstetrics and gynecology. 2006; 107(6):1226–32.
https://doi.org/10.1097/01.AOG.0000219750.79480.84 PMID: 16738145.

11.

Knight M, Kurinczuk JJ, Spark P, Brocklehurst P, United Kingdom Obstetric Surveillance System Steering C. Cesarean delivery and peripartum hysterectomy. Obstetrics and gynecology. 2008; 111(1):97–
105. https://doi.org/10.1097/01.AOG.0000296658.83240.6d PMID: 18165397.

12.

West HM, Jozwiak M, Dodd JM. Methods of term labour induction for women with a previous caesarean
section. The Cochrane database of systematic reviews. 2017; 6:CD009792. https://doi.org/10.1002/
14651858.CD009792.pub3 PMID: 28599068.

PLOS ONE | https://doi.org/10.1371/journal.pone.0237132 August 7, 2020

10 / 12

PLOS ONE

Labor induction and perinatal outcomes in women with one previous cesarean delivery

13.

Sentilhes L, Vayssiere C, Beucher G, Deneux-Tharaux C, Deruelle P, Diemunsch P, et al. Delivery for
women with a previous cesarean: guidelines for clinical practice from the French College of Gynecologists and Obstetricians (CNGOF). European journal of obstetrics, gynecology, and reproductive biology. 2013; 170(1):25–32. https://doi.org/10.1016/j.ejogrb.2013.05.015 PMID: 23810846.

14.

Tsakiridis I, Mamopoulos A, Athanasiadis A, Dagklis T. Vaginal Birth After Previous Cesarean Birth: A
Comparison of 3 National Guidelines. Obstetrical & gynecological survey. 2018; 73(9):537–43. https://
doi.org/10.1097/OGX.0000000000000596 PMID: 30265740.

15.

Kaczmarczyk M, Sparen P, Terry P, Cnattingius S. Risk factors for uterine rupture and neonatal consequences of uterine rupture: a population-based study of successive pregnancies in Sweden. BJOG: an
international journal of obstetrics and gynaecology. 2007; 114(10):1208–14. https://doi.org/10.1111/j.
1471-0528.2007.01484.x PMID: 17877673.

16.

Kayani SI, Alfirevic Z. Uterine rupture after induction of labour in women with previous caesarean section. BJOG: an international journal of obstetrics and gynaecology. 2005; 112(4):451–5. https://doi.org/
10.1111/j.1471-0528.2004.00336.x PMID: 15777443.

17.

Dekker GA, Chan A, Luke CG, Priest K, Riley M, Halliday J, et al. Risk of uterine rupture in Australian
women attempting vaginal birth after one prior caesarean section: a retrospective population-based
cohort study. BJOG: an international journal of obstetrics and gynaecology. 2010; 117(11):1358–65.
https://doi.org/10.1111/j.1471-0528.2010.02688.x PMID: 20716251.

18.

Cahill AG, Waterman BM, Stamilio DM, Odibo AO, Allsworth JE, Evanoff B, et al. Higher maximum
doses of oxytocin are associated with an unacceptably high risk for uterine rupture in patients attempting vaginal birth after cesarean delivery. American journal of obstetrics and gynecology. 2008; 199
(1):32 e1–5. https://doi.org/10.1016/j.ajog.2008.03.001 PMID: 18455132.

19.

Delaney T, Young DC. Spontaneous versus induced labor after a previous cesarean delivery. Obstetrics and gynecology. 2003; 102(1):39–44. https://doi.org/10.1016/s0029-7844(03)00355-7 PMID:
12850605.

20.

Schmitz T, Pourcelot AG, Moutafoff C, Biran V, Sibony O, Oury JF. Cervical ripening with low-dose
prostaglandins in planned vaginal birth after cesarean. PloS one. 2013; 8(11):e80903. https://doi.org/
10.1371/journal.pone.0080903 PMID: 24260505; PubMed Central PMCID: PMC3834249.

21.

Yogev Y, Ben-Haroush A, Lahav E, Horowitz E, Hod M, Kaplan B. Induction of labor with prostaglandin
E2 in women with previous cesarean section and unfavorable cervix. European journal of obstetrics,
gynecology, and reproductive biology. 2004; 116(2):173–6. https://doi.org/10.1016/j.ejogrb.2004.02.
019 PMID: 15358459.

22.

Sentilhes L, Vayssiere C, Mercier FJ, Aya AG, Bayoumeu F, Bonnet MP, et al. [Postpartum hemorrhage: Guidelines for clinical practice—Text of the Guidelines (short text)]. Journal de gynecologie,
obstetrique et biologie de la reproduction. 2014; 43(10):1170–9. https://doi.org/10.1016/j.jgyn.2014.10.
009 PMID: 25453206.

23.

Ego A, Prunet C, Lebreton E, Blondel B, Kaminski M, Goffinet F, et al. [Customized and non-customized
French intrauterine growth curves. I—Methodology]. Journal de gynecologie, obstetrique et biologie de
la reproduction. 2016; 45(2):155–64. https://doi.org/10.1016/j.jgyn.2015.08.009 PMID: 26422365.

24.

Vayssiere C, Haumonte JB, Chantry A, Coatleven F, Debord MP, Gomez C, et al. Prolonged and postterm pregnancies: guidelines for clinical practice from the French College of Gynecologists and Obstetricians (CNGOF). European journal of obstetrics, gynecology, and reproductive biology. 2013; 169
(1):10–6. https://doi.org/10.1016/j.ejogrb.2013.01.026 PMID: 23434325.

25.

Agnew G, Turner MJ. Vaginal prostaglandin gel to induce labour in women with one previous caesarean
section. Journal of obstetrics and gynaecology: the journal of the Institute of Obstetrics and Gynaecology. 2009; 29(3):209–11. https://doi.org/10.1080/01443610902743789 PMID: 19358026.

26.

Al-Zirqi I, Stray-Pedersen B, Forsen L, Vangen S. Uterine rupture after previous caesarean section.
BJOG: an international journal of obstetrics and gynaecology. 2010; 117(7):809–20. https://doi.org/10.
1111/j.1471-0528.2010.02533.x PMID: 20236103.

27.

Caughey AB, Shipp TD, Repke JT, Zelop C, Cohen A, Lieherman E. Trial of labor after cesarean delivery: the effect of previous vaginal delivery. American journal of obstetrics and gynecology. 1998; 179
(4):938–41. https://doi.org/10.1016/s0002-9378(98)70192-9 PMID: 9790374.

28.

Macones GA, Peipert J, Nelson DB, Odibo A, Stevens EJ, Stamilio DM, et al. Maternal complications
with vaginal birth after cesarean delivery: a multicenter study. American journal of obstetrics and gynecology. 2005; 193(5):1656–62. https://doi.org/10.1016/j.ajog.2005.04.002 PMID: 16260206.

29.

Landon MB, Leindecker S, Spong CY, Hauth JC, Bloom S, Varner MW, et al. The MFMU Cesarean
Registry: factors affecting the success of trial of labor after previous cesarean delivery. American journal
of obstetrics and gynecology. 2005; 193(3 Pt 2):1016–23. https://doi.org/10.1016/j.ajog.2005.05.066
PMID: 16157104.

PLOS ONE | https://doi.org/10.1371/journal.pone.0237132 August 7, 2020

11 / 12

PLOS ONE

Labor induction and perinatal outcomes in women with one previous cesarean delivery

30.

Grobman WA, Rice MM, Reddy UM, Tita ATN, Silver RM, Mallett G, et al. Labor Induction versus
Expectant Management in Low-Risk Nulliparous Women. The New England journal of medicine. 2018;
379(6):513–23. https://doi.org/10.1056/NEJMoa1800566 PMID: 30089070; PubMed Central PMCID:
PMC6186292.

31.

Palatnik A, Grobman WA. Induction of labor versus expectant management for women with a prior
cesarean delivery. American journal of obstetrics and gynecology. 2015; 212(3):358 e1–6. https://doi.
org/10.1016/j.ajog.2015.01.026 PMID: 25725658.

32.

Landon MB, Hauth JC, Leveno KJ, Spong CY, Leindecker S, Varner MW, et al. Maternal and perinatal
outcomes associated with a trial of labor after prior cesarean delivery. The New England journal of medicine. 2004; 351(25):2581–9. https://doi.org/10.1056/NEJMoa040405 PMID: 15598960.

33.

Khireddine I, Le Ray C, Dupont C, Rudigoz RC, Bouvier-Colle MH, Deneux-Tharaux C. Induction of
labor and risk of postpartum hemorrhage in low risk parturients. PloS one. 2013; 8(1):e54858. https://
doi.org/10.1371/journal.pone.0054858 PMID: 23382990; PubMed Central PMCID: PMC3555986.

34.

ACOG Practice Bulletin No. 205 Summary: Vaginal Birth After Cesarean Delivery. Obstetrics and gynecology. 2019; 133(2):393–5. https://doi.org/10.1097/AOG.0000000000003079 PMID: 30681536.

35.

Royal Australian and New Zealand College of Obstetricians and Gynaecologists. Birth after previous
caesarean section. July 2018. Available at: https://www.ranzcog.edu.au/RANZCOG_SITE/media/
RANZCOG-MEDIA/Women%27s%20Health/Statement%20and%20guidelines/Clinical-Obstetrics/
Birth-after-previous-Caesarean-Section-(C-Obs-38)-Re-write-July-2015.pdf?ext=.pdf.

36.

Royal College of Obstetricians and Gynaecologists. Birth after previous caesarean birth. Green top bulletin No.45. London: RCOG; 2015.

37.

Society of O, Gynaecologists of C. SOGC clinical practice guidelines. Guidelines for vaginal birth after
previous caesarean birth. Number 155 (Replaces guideline Number 147), February 2005. International
journal of gynaecology and obstetrics: the official organ of the International Federation of Gynaecology
and Obstetrics. 2005; 89(3):319–31. https://doi.org/10.1016/j.ijgo.2005.03.015 PMID: 16001462.

38.

Deneux-Tharaux C, Carmona E, Bouvier-Colle MH, Breart G. Postpartum maternal mortality and cesarean delivery. Obstetrics and gynecology. 2006; 108(3 Pt 1):541–8. https://doi.org/10.1097/01.AOG.
0000233154.62729.24 PMID: 16946213.

39.

Hansen AK, Wisborg K, Uldbjerg N, Henriksen TB. Risk of respiratory morbidity in term infants delivered
by elective caesarean section: cohort study. Bmj. 2008; 336(7635):85–7. https://doi.org/10.1136/bmj.
39405.539282.BE PMID: 18077440; PubMed Central PMCID: PMC2190264.

40.

Bartolo S, Goffinet F, Blondel B, Deneux-Tharaux C. Why women with previous caesarean and eligible
for a trial of labour have an elective repeat caesarean delivery? A national study in France. BJOG: an
international journal of obstetrics and gynaecology. 2016; 123(10):1664–73. https://doi.org/10.1111/
1471-0528.14056 PMID: 27126956.

41.

Blanchette HA, Nayak S, Erasmus S. Comparison of the safety and efficacy of intravaginal misoprostol
(prostaglandin E1) with those of dinoprostone (prostaglandin E2) for cervical ripening and induction of
labor in a community hospital. American journal of obstetrics and gynecology. 1999; 180(6 Pt 1):1551–
9. https://doi.org/10.1016/s0002-9378(99)70051-7 PMID: 10368503.

42.

Aslan H, Unlu E, Agar M, Ceylan Y. Uterine rupture associated with misoprostol labor induction in
women with previous cesarean delivery. European journal of obstetrics, gynecology, and reproductive
biology. 2004; 113(1):45–8. https://doi.org/10.1016/S0301-2115(03)00363-4 PMID: 15036710.

43.

Jozwiak M, van de Lest HA, Burger NB, Dijksterhuis MG, De Leeuw JW. Cervical ripening with Foley
catheter for induction of labor after cesarean section: a cohort study. Acta obstetricia et gynecologica
Scandinavica. 2014; 93(3):296–301. https://doi.org/10.1111/aogs.12320 PMID: 24354335.

PLOS ONE | https://doi.org/10.1371/journal.pone.0237132 August 7, 2020

12 / 12

