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Abstract: Background: The efficacy and safety of a cervical ripening balloon (CRB) in women with
a previous cesarean section (CS) and unfavorable Bishop score are still controversial. Methods: A
retrospective cohort study was performed across six tertiary hospitals from 2015 to 2019. Women with
one previous transverse CS, singleton cephalic term pregnancy and BS < 6 were included if submitted
to labor induction with a CRB. The main outcome was the rate of vaginal birth after cesarean
(VBAC) after CRB ripening. Secondary outcomes were abnormal composite fetal and maternal
outcomes. Results: Of the 265 women included, 57.3% had successful vaginal birth. Augmentation
improved vaginal delivery (32.2% vs. 21.2%). Intrapartum analgesia was associated with an increased
VBAC rate (58.6% vs. 34.5%). Maternal BMI ≥30 and age ≥40 years increased emergency CS rate
(11.8% vs. 28.3% and 7.2 vs. 15.9%). Composite adverse maternal outcome occurred in 4.8% of CRB
group women and increased to 17.6% when associated with oxytocin. Uterine rupture occurred in
one case (0.4%) in the CRB–oxytocin group. Poorer fetal outcome occurred after emergency CS, if
compared to successful VBAC (12.4% vs. 3.3%). Conclusions: In women with a previous CS and
unfavorable Bishop score, induction of labor with a CRB can be considered safe and effective.

Keywords: cesarean section; trial of labor after cesarean section; cervical ripening balloon; unfavorable
cervix

1. Introduction

The best delivery mode for women with a previous cesarean section (CS) is still a
matter of discussion, and clinical practice varies worldwide. Elective repeated cesarean
section (ERCS) represents approximately 28% of all CSs in the UK [1] and 30–50% in the
United States [2], where the indication “previous cesarean section” relevantly contributes to
increased CS rate. ERCS is frequently chosen because a trial of labor after cesarean section
(TOLAC) may fail or have serious complications, e.g., uterine rupture [3]; on the other side,
however, women who experience vaginal birth after previous cesarean section (VBAC)
are less likely to face birth-related morbidity such as blood transfusion, uterine rupture,
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unplanned hysterectomy, and admission to an intensive care unit than women who have
ERCS [4].

The objective of VBAC can be obtained without disregarding safety by accurately
selecting candidates undergoing TOLAC [5], and by choosing a well-customized method
of induction. In 2015, the Royal College stated that TOLAC might be offered to women
with one previous CS with lower segment incision, singleton term pregnancy, cephalic
presentation, with or without history of previous vaginal delivery [6]. The accurate selection
of patients is mandatory to reduce the risk of TOLAC failure [7,8], and contributes to
increasing the success rate and decreasing negative maternal–fetal outcomes.

Recently, international guidelines have clearly endorsed labor induction with mechanical
devices, especially in the case of an unfavorable cervix, due to the lower risk of uterine rupture
compared to pharmacological induction with oxytocin and/or prostaglandins [6,9–11]. The
guidelines underlined, however, that there are still too few studies dealing with the use of a
cervical ripening balloon (CRB) for labor induction after CS, particularly when the Bishop
score is unfavorable. Therefore, the objective of the present study was to retrospectively
evaluate the efficacy and safety of a CRB for labor induction in a fair-sized cohort of women
with a previous CS and unfavorable cervix.

2. Materials and Methods

This retrospective, multicenter cohort study was performed in six Italian tertiary
hospitals in a 5-year period (2015–2019), including women with singleton term pregnancy,
cephalic presentation, and previous CS (Robson Classification—Group 5). Exclusion criteria
were: spontaneous labor onset, more than one uterine scar, Bishop score > 6, declined
labor induction, any other contraindication for vaginal delivery (e.g., placenta previa,
non-cephalic presentation, etc.), fetal anomalies, and stillbirth (Figure 1).

Data were collected retrospectively and anonymously in a shared database; each
enrolled patient was assigned a serial number by data managers, to ensure anonymity.

According to our national guidelines, retrospective studies using anonymized data
are exempted from ethical committee approval. Moreover, all the women enrolled signed
an informed consent allowing data collection and analysis.

The CRB protocol was the same in each center, in agreement with Italian National
Guidelines and subsequent hospitals’ protocols [12]. The CRB was placed transcervically
using a speculum; after passing the internal orifice of the cervical canal, both balloons
were filled with 60 mL sterile saline. Unless spontaneous expulsion occurred, the CRB
was left in place for 24 h; upon its removal, the induction was continued by amniotomy
whenever possible. In the case of absent or scarce uterine activity, intravenous low-dose
oxytocin infusion was used to continue the induction, starting with 2 mU/min (12 mL/h)
and increasing by 2 mU/min steps every 30 min, until the target of 5 contractions in 10 min
was achieved.

Oxytocin was also cautiously administered with the purpose of augmenting uterine
activity in the case of prolonged or arrested first and second stages of labor. According to the
American College of Obstetricians and Gynecologists (ACOG) and the Society for Maternal-
Fetal Medicine (SMFM) [13], first-stage labor progression was considered abnormal when
the cervical dilatation, after reaching 6 cm, increased less than 0.5–0.7 cm/h for nulliparous
and 0.5–1.3 cm/h for multiparous patients. The first stage of labor was defined as arrested
when, together with cervical dilatation ≥6 cm, with ruptured membranes, there was no
dilatation progress despite 4 h of adequate uterine activity or at least 6 h of oxytocin
infusion. The second stage of labor was defined as arrested after at least 2 h of active
pushing in multiparous and 3 h in nulliparous patients; one additional hour was allowed
in case of epidural analgesia.
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2.1. Outcomes

Maternal variables that were considered were the following: age, ethnicity, parity,
mode of conception (natural or with assisted reproduction technology, ART), pre-pregnancy
and term body mass index (BMI), indication for previous CS, indication for labor induction,
gestational age at CRB insertion, amniorexis after CRB removal, oxytocin induction, oxy-
tocin augmentation, epidural analgesia, mode of delivery, indication for CS or operative
vaginal delivery, and presence of maternal complications. We also considered a composite
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adverse maternal outcome (CAMO), defined as the presence of one or more of the fol-
lowing major complications: post-partum hemorrhage (blood loss > 1000 mL), uterine
rupture, need for laparotomy, need for hysterectomy, post-partum infection, and need for
blood transfusion.

Fetal variables considered were the following: birthweight, incidence of pathological
fetal heart rate (FHR) tracing during labor according to FIGO classification [14], Apgar
score at 1 and 5 min, umbilical artery pH, and admission to neonatal intensive care unit
(NICU). We also considered a composite adverse fetal outcome (CAFO), including major
fetal complications.

The primary outcome of the study was the VBAC rate; secondary outcomes were the
rates of pathological FHR tracing, Apgar score < 7 at 5 min, arterial pH < 7.1, NICU admission.

2.2. Statistical Analysis

The statistical package SPSS Statistics 21.0 (IBM SPSS Statistics, New York, NY, United
States) was used for all the analyses. A Kolmogorov–Smirnov test was used to check
the normal distribution of data; as most of them had a skewed distribution, they were
expressed as median plus interquartile range (IQR) (continuous variables), or percentage
(categorical variables). The chi square (χ2) test, Fisher exact test, unpaired Student’s
t-test, or Mann–Whitney U test were used to compare differences among subgroups. The
Pearson’s correlation analysis was used to assess the relationship among variables. A
two-sided p value < 0.05 was considered significant. Variables found to be significant in
univariate analysis were included in a stepwise multivariate logistic regression model. The
associations between variables and successful TOLAC were presented as adjusted odds
ratio (aORs) with corresponding 95% confidence intervals (95% CI).

3. Results

Overall, the database included 3574 women with previous CS. Among them, 765 were
excluded because of more than one previous CS, 956 because of the spontaneous onset
of labor, 752 due to having a Bishop score > 6 at hospital admission, 149 for the presence
of contraindications to spontaneous labor, 23 for the presence of fetal malformation, and
10 for intrauterine fetal death. Moreover, 654 of the remaining women did not accept to
undergo labor induction. Finally, 265 women met the inclusion criteria and were included
in the study (Figure 1).

The main clinical characteristics of the women included in the study appear in Table 1.
The indications for induction of labor were: post-term pregnancy (n = 94, 35.5%), diabetes
(n = 47, 17.7%), hypertensive disorders (n = 39, 14.7%), intrauterine growth restriction
and/or oligohydramnios (n = 20, 7.5%), intrahepatic cholestasis (n = 23, 8.6%), and other
(n = 42, 15.8%).

Successful induction ending with vaginal birth (VBAC) occurred in 152 women (57.3%);
another 14 women (9.2%) had vaginal delivery by obstetrical vacuum extractor. VBAC rate
was significantly higher in women who already had a vaginal delivery (80.8% vs. 52.3%
p < 0.001), and when intrapartum epidural analgesia was used (58.6% vs. 34.5% p < 0.001)
(Table 2). On the contrary, pre-pregnancy overweight/obesity (BMI ≥ 30) and advanced
age (≥40 years) were significantly associated with the failure of TOLAC and the need to
repeat a CS (28.3% vs. 11.8% p = 0.001 and 15.9% vs. 7.2%, p = 0.025, respectively) (Table 2).
The likelihood of VBAC was not influenced by the gestational age at induction, the mode
of conception, ethnicity, the indication of previous CS, and the indication of labor induction
(Table 2).

The median time from the application of the balloon catheter to the onset of labor was
significantly shorter in the VBAC group than in the CS group (16, IQR 12–22 h vs. 19, IQR
16–25; p = 0.018), whereas the median time from the application of the CRB to delivery was
comparable in the two groups (21, IQR 15–27 vs. 22, IQR 17–31; p = 0.207) (Table 2). The
use of oxytocin for induction of labor did not increase the rate of delivery (p = 0.949), while
if administered for augmentation, during the second stage of labor, it was associated with a
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higher rate of successful VBAC (32.2% vs. 21.2%, p = 0.047). Intrapartum analgesia was
associated with an increased success of vaginal birth (69.5% vs. 45.9% p = 0.000).

Table 1. General clinical characteristics of the women included in the study.

Age (Years) 34 (29–37)

Ethnicity
Caucasian 208 (78.6%)

Black 24 (9%)
Asian 21 (7.9%)

Hispanic 12 (4.5%)

Previous vaginal birth
Yes 47 (17.7%)
No 218 (82.3%)

Gestational Age at Induction (weeks) 40 (38–41)

BMI
Pre-pregnancy 24.2 (21.6–27.8)

Term pregnancy 28.9 (26.2–32.4)

Mode of conception
Spontaneous 261 (98.5%)

ART 4 (1.5%)
Data are expressed as median and interquartile range (IQR) or as number and percentage. BMI: body mass index;
ART: assisted reproduction technique.

Table 2. Characteristics of women undergoing labor induction and related labor outcomes: compari-
son between 152 women delivering by vaginal birth (VBAC) vs. 113 requiring CS.

VBAC
n = 152

CS
n = 113 p

Maternal age (years) 34 (29–36) 35 (30–38) 0.479

Maternal age ≥40 7.2% 15.9% 0.025

Gestational age at induction (weeks) 40 (38–41) 40 (39–41) 0.101

Gestational age ≥39 weeks 55.9% 61.1% 0.402

Mode of conception 0.764
Spontaneous 150 (98.7%) 111 (98.2%)

ART 2 (1.3%) 2 (1.8%)

Previous vaginal birth 25% 8% <0.001

Ethnicity 0.395
Caucasian 121 (79.6%) 87 (77%)

Black 13 (8.6%) 11 (9.7%)
Asian 12 (7.9%) 9 (8%)

Hispanic 6 (3.9%) 6 (5.3%)

Pre-pregnancy BMI 23.3 (21–26) 25.6 (22.9–30.6) <0.001
≥30 11.8% 28.3% 0.001

Term-pregnancy BMI 27.7 (25.5–30.5) 30.6 (27.5–34.2) 0.054

Indication of labor induction 0.386
Post-term pregnancy 49 (32.2%) 45 (39.8%)

Diabetes 30 (19.7%) 17 (15%)
Hypertensive disorders 21 (13.8%) 18 (15.9%)
IUGR/oligohydramnios 10 (6.6%) 10 (8.9%)
Intrahepatic cholestasis 13 (8.6%) 10 (8.9%)

Others 29 (19.1%) 13 (11.5%)
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Table 2. Cont.

VBAC
n = 152

CS
n = 113 p

Indication for previous CS 0.210
Breech presentation 30 (19.7%) 18 (37.5%)

Dystocia 18 (11.8%) 21 (53.8%)
Pathological FHR tracing 25 (16.4%) 21 (45.7%)

Failed labor induction 10 (6.6%) 15 (60%)
Maternal will 1 (0.7%) 0 (0%)

Others 47 (30.9%) 28 (37.3%)
Unknown 21 (13.8%) 10 (32.3%)

Duration of CRB application (h) 12 (9–15) 13 (12–16) 0.285

Time of CRB application—labor onset (h) 16 (12–22) 19 (16–25) 0.018

Time of CRB application—delivery (h) 21 (15–27) 22 (17–31) 0.207

CRB plus oxytocin induction 44.7% 45.1% 0.949

Oxytocin augmentation 32.2% 21.2% 0.047

Use of intrapartum analgesia 58.6% 34.5% <0.001

Incidence of CAMO 12.5% 8% 0.235

Incidence of CAFO 3.3% 12.4% 0.005

Data are expressed as median and interquartile range (IQR) or as number and percentage. ART: assisted
reproduction technique; BMI: body mass index; IUGR: intrauterine growth restriction; CAMO: composite adverse
maternal outcome; CAFO: composite adverse fetal outcome.

The following variables remained statistically significant in the multivariate logis-
tic regression model: history of vaginal delivery (aOR 1.94, 95% CI 1.23–3.64), maternal
age ≥ 40 years (aOR 1.22, 95% CI 1.04–1.67), pre-pregnancy BMI (aOR 1.81, 95% CI 1.33–3.36).

The incidence of composite adverse maternal outcome (CAMO) was comparable in
the VBAC group and in the CS group (12.5% vs. 8%; p = 0.235), whereas the incidence of
composite adverse fetal outcome (CAFO) was significantly lower after vaginal delivery
(3.3% vs. 12.4%; p = 0.005) (Table 2). Interestingly, the incidence of CAMO was 4.8% among
women induced with a CRB alone vs. 17.6% among those induced with a CRB plus oxytocin
(p = 0.001), whereas CAFO had comparable incidence (4.8% vs. 10.1% p = 0.097) (Table 3).
Table 3 shows the incidence of each single adverse maternal outcome and of each adverse
fetal outcome; of note, uterine rupture occurred in one case (0.4%) in the CRB plus oxytocin
group. In this unique case of uterine rupture, oxytocin was administered with the purpose
of augmentation.

Table 3. Incidence of composite adverse maternal (CAMO) and fetal outcomes (CAFO) in women
induced with CRB alone (n = 146) or with CRB plus oxytocin (n = 119).

CRB
n = 146

CRB Plus Oxytocin
n = 119 p

Incidence of CAMO 7 (4.8%) 21 (17.6%)

0.001

Uterine rupture 0 1 (0.8%)

Post-partum hemorrhage 4 (2.7%) 6 (5%)

Endometritis 0 1 (0.8%)

Wound re-opening 1 (0.68%) 1 (0.8%)

Thromboembolism 2 (1.36%) 0
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Table 3. Cont.

CRB
n = 146

CRB Plus Oxytocin
n = 119 p

Surgical lesions 0 1 (0.8%)

Others (laparotomy, hysterectomy) 0 3 (2.5%)

Blood transfusion 0 5 (4.2%)

Intensive care unit admission 0 3 (2.5%)

Incidence of CAFO 7 (4.8%) 12 (10.1%)

0.097
Neonatal intensive care unit admission 1 (0.68%) 4 (3.3%)

Apgar score (5′) < 7 2 (1.36%) 3 (2.5%)

Umbilical pH < 7 1 (0.68%) 2 (1.68%)

Pathological FHR tracing 3 (2%) 3 (2.5%)

4. Discussion

In this study, TOLAC using a CRB in patients with a previous CS and unfavorable
cervix resulted in a VBAC rate of 57.3%, which is consistent with the previously published
average success rate [15]. We observed a positive relationship between having already
delivered vaginally and VBAC: more than 80% of women with a prior spontaneous delivery
could give birth vaginally after CS; this observation is consistent with recently published
data showing that a prior vaginal delivery and/or a prior successful VBAC are the strongest
predictors of a successful TOLAC [7]. We also found a significant positive effect of epidural
analgesia on VBAC rate, as reported in recent guidelines [16]; indeed, epidural analgesia
is recommendable in TOLAC, and adequate pain control may encourage more women to
choose induction of labor instead of elective CS [10,11].

On the other side, women above 40 years and with a pre-pregnancy BMI > 30 were
found to be at higher risk of TOLAC failure, with the need to undergo another CS. Indeed,
a published prediction model for TOLAC success showed that the risk of repeating CS
increases linearly with the woman’s age and with BMI [5]. Furthermore, a previous study
showed that women with normal BMI during the first pregnancy, who became overweight
or obese before the second pregnancy, had a significantly lower likelihood of successful
VBAC compared with women with unchanged normal BMI in the second pregnancy [17].

Although some studies claimed that anticipating the induction of labor at 39 weeks in
low-risk nulliparous women could significantly lower the frequency of CS [16], we did not
observe any advantage in performing TOLAC at 39 weeks, as the rate of VBAC was not
influenced by the gestational age at induction. According to our data, there is no need to
anticipate the time of delivery to reduce the risk of repeated CS.

In the present study, induction with CRB was followed by oxytocin infusion in about
45% of cases; accordingly, previous studies in women with an unscarred uterus showed
that CRB application is associated with a significantly higher need for oxytocin compared
to prostaglandins [18], and a CRB alone is able to induce the onset of labor in no more than
30% of women [19]. In a recent systematical review on the application of CRBs at term after
previous CS, the average proportion of women requiring oxytocin was 68.4%, ranging from
20.5% to 91.5% [15]. Oxytocin use for labor induction in women with an unfavorable cervix
was reported to be associated with an increased risk of CS [20,21]; we found no significant
difference in VBAC rate between women who received oxytocin and women who did not.
Differently, the use of oxytocin, not for inducing labor, but just for augmenting uterine
activity after the onset of labor, led to a higher chance of VBAC.

Concerning adverse maternal outcomes, we did not find any difference in the CAMA
incidence between women delivering vaginally and those undergoing a repeated CS; we
observed, however, that patients experiencing both CRB application and oxytocin infusion
showed a higher CAMA incidence; of note, the only case of uterine rupture occurred in a
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woman treated with both a CRB and oxytocin. As previously reported, oxytocin infusion
itself is associated with a significantly greater risk of uterine rupture in patients with a
previous CS [8]: a recent study comparing CRB vs. oxytocin found that CAMA incidence
was higher in women receiving oxytocin, with an odds ratio of 1.43 [22,23].

The CAFO incidence rate appeared to be higher in patients needing repeated CS
and/or needing oxytocin to complete TOLAC; the higher CAFO incidence rate in the
case of oxytocin use is likely related to uterine hyperstimulation with negative effects
on FHR [24,25]. A careful approach to oxytocin use is mandatory to reduce neonatal
complications; a recent metanalysis found that the administration of oxytocin after CRB
use did not reduce CS rate, and should be carefully evaluated [26].

4.1. Strengths and Limitations

The strength of this study can be found in the strict criteria of inclusion, the multi-
center design, and the complete follow-up of all studied women. Its limitations are the
retrospective nature and the relatively small sample size, that was in part overcome by
analyzing composite outcomes. A further limitation is the lack of comparison with a similar
group of women induced with other methods, secondary to the concern of the use of
pharmacological methods in pregnancies when attempting TOLAC. Indeed, our national
guidelines, in agreement with other international societies [10], are hostile to the use of
prostaglandins or other drugs in case of labor induction of women with a previous CS. As
a consequence, induction with a CRB is the only option for labor induction in women with
an unfavorable cervix.

4.2. Implications for Clinical Practice

Our findings may be useful for clinicians taking care of women with one previous CS
and an unfavorable cervix, as they demonstrate the efficacy and safety of labor induction
with a CRB. According to our data, TOLAC should be considered even in the case of
an unfavorable Bishop score if adequate fetal and maternal monitoring can be provided,
and emergency CS can be rapidly performed as needed. Moreover, this study provides
a warning on the use of oxytocin in the case of augmentation, suggesting a judicious
administration. Overall, performing TOLAC with a CRB in patients with one previous CS
and an unfavorable cervix is cheap and is associated with an acceptable success rate and
safety profile.

5. Conclusions

In women with a previous CS and an unfavorable cervix, induction of labor with a
CRB has an encouraging success rate in terms of VBAC. The accurate selection of candidates
is the key point, together with the use of epidural analgesia. Maternal age over 40, pre-
pregnancy BMI over 30, and having no previous vaginal birth are major risk factors for
TOLAC failure. A combined use of a CRB and oxytocin for induction of labor increases the
rate of adverse maternal outcome without improving the VBAC likelihood.

Author Contributions: Conceptualization, C.G., I.M., and G.R.; Methodology, I.M., C.G., and G.R.;
Validation, C.G., I.M., G.R., A.R., and B.M.; Formal Analysis, I.M, C.G., and G.R.; Investigation,
C.G., I.M., A.C., E.B., R.A., M.I., R.A., and A.L.; Data Curation, C.G., I.M., A.C., E.B., M.I., and A.L.;
Writing—Original Draft Preparation, C.G., I.M., G.R., and B.M.; Writing—Review and Editing, C.G.,
I.M., G.R., A.R., L.P., and B.M.; Visualization, R.A.; Supervision, G.R., A.R., and B.M. All authors have
read and agreed to the published version of the manuscript.

Funding: The authors did not receive support from any organization for the submitted work. No
funding was received to assist with the preparation of this manuscript. No funding was received for
conducting this study. No funds, grants, or other support was received.

Institutional Review Board Statement: All procedures performed in this study were in accordance
with the ethical standards of the Helsinki Declaration (1964) and later amendments or comparable
ethical standards.



Healthcare 2023, 11, 543 9 of 10

Informed Consent Statement: Informed consent was obtained from all individual participants
included in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy policies.

Conflicts of Interest: The authors declare that they have no relevant financial or non-financial interest
to disclose, no conflict of interest to declare that are relevant to the content of this article, no affiliations
with, or involvement in, any organization or entity with any financial interest or non-financial interest
in the subject matter or materials discussed in this manuscript, and no financial or proprietary
interests in any material discussed in this article.

References
1. Cheng, Y.W.; Eden, K.B.; Marshall, N.; Pereira, L.; Caughey, A.B.; Guise, J.M. Delivery after prior cesarean: Maternal morbidity

and mortality. Clin. Perinatol. 2011, 38, 297–309. [CrossRef]
2. Thomas, J.; Paranjothy, S. The National Sentinel Caesarean Section Audit Report. RCOG Press. 2001. Available online:

https://orca.cardiff.ac.uk/id/eprint/93112/1/nscs_audit.pdf (accessed on 11 February 2023).
3. Landon, M.B.; Hauth, J.C.; Leveno, K.J.; Spong, C.Y.; Leindecker, S.; Varner, M.W.; Moawad, A.H.; Caritis, S.N.; Harper, M.;

Wapner, R.J.; et al. Maternal and perinatal outcomes associated with a trial of labor after prior cesarean delivery. N. Engl. J. Med.
2004, 351, 2581–2589. [CrossRef] [PubMed]

4. Curtin, S.C.; Gregory, K.D.; Korst, L.M.; Uddin, S.F. Maternal morbidity for vaginal and cesarean deliveries, according to previous
cesarean history: New data from the birth certificate, 2013. Natl. Vital Stat. Rep. 2015, 64, 1–13.

5. Grobman, W.A.; Lai, Y.; Landon, M.B.; Spong, C.Y.; Leveno, K.J.; Rouse, D.J.; Varner, M.W.; Moawad, A.H.; Caritis, S.N.;
Harper, M.; et al. Development of a nomogram for prediction of vaginal birth after cesarean delivery. Obstet. Gynecol. 2007, 109,
806–812. [CrossRef] [PubMed]

6. Royal College of Obstetricians and Gynaecologists. Birth after Previous Caesarean Birth; Green-Top Guideline No.45; RCOG:
London, UK, 2015.

7. Atia, O.; Rotem, R.; Reichman, O.; Jaffe, A.; Grisaru-Granovsky, S.; Sela, H.Y.; Rottenstreich, M. Number of prior vaginal deliveries
and trial of labor after cesarean success. Eur. J. Obstet. Gynecol. Reprod. Biol. 2021, 256, 189–193. [CrossRef]

8. Landon, M.B.; Leindecker, S.; Spong, C.Y.; Hauth, J.C.; Bloom, S.; Varner, M.W.; Moawad, A.H.; Caritis, S.N.; Harper, M.;
Wapner, R.J.; et al. The MFMU Cesarean Registry: Factors affecting the success of trial of labor after previous cesarean delivery.
Am. J. Obstet. Gynecol. 2005, 193 Pt 2, 1016–1023. [CrossRef] [PubMed]

9. Sentilhes, L.; Vayssière, C.; Beucher, G.; Deneux-Tharaux, C.; Deruelle, P.; Diemunsch, P.; Gallot, D.; Haumonté, J.B.; Heimann,
S.; Kayem, G.; et al. Delivery for women with a previous cesarean: Guidelines for clinical practice from the French College of
Gynecologists and Obstetricians (CNGOF). Eur. J. Obstet. Gynecol. Reprod. Biol. 2013, 170, 25–32. [CrossRef] [PubMed]

10. American College of Obstetricians and Gynecologists. ACOG Practice Bulletin No. 205: Vaginal Birth After Cesarean Delivery.
Obstet. Gynecol. 2019, 133, e110–e127. [CrossRef] [PubMed]

11. Martel, M.J.; MacKinnon, C.J. RETIRED: No. 155—Guidelines for Vaginal Birth After Previous Caesarean Birth. J. Obstet. Gynaecol.
Can. 2018, 40, e195–e207. [CrossRef]

12. Fondazione Confalonieri Ragonese on behalf of SIGO, AOGOI, AGUI. Linea Guida 15. Induzione al Travaglio di Parto; SIGO
Rome, Italy. 2022. Available online: https://www.sigo.it/wp-content/uploads/2022/02/LG15_Induzione_Travaglio_Parto.pdf
(accessed on 11 February 2023).

13. American College of Obstetricians and Gynecologists. Obstetric care consensus no. 1: Safe prevention of the primary cesarean
delivery. Obstet. Gynecol. 2014, 123, 693–711. [CrossRef] [PubMed]

14. Ayres-de-Campos, D.; Spong, C.Y.; Chandraharan, E. FIGO consensus guidelines on intrapartum fetal monitoring: Cardiotocog-
raphy. Int. J. Gynaecol. Obstet. 2015, 131, 13–24. [CrossRef] [PubMed]

15. Kehl, S.; Weiss, C.; Rath, W. Balloon catheters for induction of labor at term after previous cesarean section: A systematic review.
Eur. J. Obstet. Gynecol. Reprod. Biol. 2016, 204, 44–50. [CrossRef] [PubMed]

16. Grobman, W.A.; Rice, M.M.; Reddy, U.M.; Tita, A.T.N.; Silver, R.M.; Mallett, G.; Hill, K.; Thom, E.A.; El-Sayed, Y.Y.;
Perez-Delboy, A.; et al. Labor Induction versus Expectant Management in Low-Risk Nulliparous Women. N. Engl. J. Med. 2018,
379, 513–523. [CrossRef] [PubMed]

17. Durnwald, C.P.; Ehrenberg, H.M.; Mercer, B.M. The impact of maternal obesity and weight gain on vaginal birth after cesarean
sectionsuccess. Am. J. Obstet. Gynecol. 2004, 191, 954–957. [CrossRef]

18. Jozwiak, M.; Bloemenkamp, K.W.; Kelly, A.J.; Mol, B.W.; Irion, O.; Boulvain, M. Mechanical methods for induction of labor.
Cochrane Database Syst. Rev. 2012, 3, CD001233.

19. Cromi, A.; Ghezzi, F.; Agosti, M.; Serati, M.; Uccella, S.; Arlant, V.; Bolis, P. Is transcervical Foley catheter actually slower than
prostaglandins in ripening the cervix? A randomized study. Am. J. Obstet. Gynecol. 2011, 204, 338.e1–338.e7. [CrossRef]

20. Ande, A.B.; Ezeanochie, C.M.; Olagbuji, N.B. Induction of labor in prolonged pregnancy with unfavorable cervix: Comparison of
sequential intracervical Foley catheter-intravaginal misoprostol and intravaginal misoprostol alone. Arch. Gynecol. Obstet. 2012,
285, 967–971. [CrossRef] [PubMed]

http://doi.org/10.1016/j.clp.2011.03.012
https://orca.cardiff.ac.uk/id/eprint/93112/1/nscs_audit.pdf
http://doi.org/10.1056/NEJMoa040405
http://www.ncbi.nlm.nih.gov/pubmed/15598960
http://doi.org/10.1097/01.AOG.0000259312.36053.02
http://www.ncbi.nlm.nih.gov/pubmed/17400840
http://doi.org/10.1016/j.ejogrb.2020.11.009
http://doi.org/10.1016/j.ajog.2005.05.066
http://www.ncbi.nlm.nih.gov/pubmed/16157104
http://doi.org/10.1016/j.ejogrb.2013.05.015
http://www.ncbi.nlm.nih.gov/pubmed/23810846
http://doi.org/10.1097/AOG.0000000000003078
http://www.ncbi.nlm.nih.gov/pubmed/30681543
http://doi.org/10.1016/j.jogc.2018.01.014
https://www.sigo.it/wp-content/uploads/2022/02/LG15_Induzione_Travaglio_Parto.pdf
http://doi.org/10.1097/01.AOG.0000444441.04111.1d
http://www.ncbi.nlm.nih.gov/pubmed/24553167
http://doi.org/10.1016/j.ijgo.2015.06.020
http://www.ncbi.nlm.nih.gov/pubmed/26433401
http://doi.org/10.1016/j.ejogrb.2016.07.505
http://www.ncbi.nlm.nih.gov/pubmed/27521597
http://doi.org/10.1056/NEJMoa1800566
http://www.ncbi.nlm.nih.gov/pubmed/30089070
http://doi.org/10.1016/j.ajog.2004.05.051
http://doi.org/10.1016/j.ajog.2010.11.029
http://doi.org/10.1007/s00404-011-2094-4
http://www.ncbi.nlm.nih.gov/pubmed/22012248


Healthcare 2023, 11, 543 10 of 10

21. Shah, U.; Bellows, P.; Drexler, K.; Hawley, L.; Davidson, C.; Sangi-Haghpeykar, H.; Gandhi, M. Comparison of induction of labor
methods for unfavorable cervices in trial of labor after cesarean delivery. J. Matern. Fetal Neonatal Med. 2017, 30, 1010–1015.
[CrossRef]

22. Ralph, J.A.; Leftwich, H.K.; Leung, K.; Zaki, M.N.; Della Torre, M.; Hibbard, J.U. Morbidity associated with the use of Foley
balloon for cervical ripening in women with prior cesarean delivery. J. Matern. Fetal Neonatal Med. 2020, 35, 3937–3942. [CrossRef]

23. Fitzpatrick, K.E.; Kurinczuk, J.J.; Alfirevic, Z.; Spark, P.; Brocklehurst, P.; Knight, M. Uterine rupture by intended mode of delivery
in the UK: A national case-control study. PLoS Med. 2012, 9, e1001184. [CrossRef] [PubMed]

24. Stock, S.J.; Ferguson, E.; Duffy, A.; Ford, I.; Chalmers, J.; Norman, J.E. Outcomes of induction of labor in women with previous
caesarean delivery: A retrospective cohort study using a population database. PLoS ONE 2013, 8, e60404. [CrossRef] [PubMed]

25. Zhang, H.; Liu, H.; Luo, S.; Gu, W. Oxytocin use in trial of labor after cesarean and its relationship with risk of uterine rupture in
women with one previous cesarean section: A meta-analysis of observational studies. BMC Pregnancy Childbirth 2021, 21, 11.
[CrossRef] [PubMed]

26. Gallagher, L.T.; Gardner, B.; Rahman, M.; Schoen, C.; Connolly, K.A.; Hankins, G.D.; Saade, G.R.; Saad, A.F. Cervical Ripening
Using Foley Balloon with or without Oxytocin: A Systematic Review and Meta-Analysis. Am. J. Perinatol. 2019, 36, 406–421.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1080/14767058.2016.1197903
http://doi.org/10.1080/14767058.2020.1844653
http://doi.org/10.1371/journal.pmed.1001184
http://www.ncbi.nlm.nih.gov/pubmed/22427745
http://doi.org/10.1371/journal.pone.0060404
http://www.ncbi.nlm.nih.gov/pubmed/23565242
http://doi.org/10.1186/s12884-020-03440-7
http://www.ncbi.nlm.nih.gov/pubmed/33407241
http://doi.org/10.1055/s-0038-1668577
http://www.ncbi.nlm.nih.gov/pubmed/30130821

	Introduction 
	Materials and Methods 
	Outcomes 
	Statistical Analysis 

	Results 
	Discussion 
	Strengths and Limitations 
	Implications for Clinical Practice 

	Conclusions 
	References

