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Abstract

:

The purpose of this prospective cohort study is to identify the predictive factors for vaginal delivery among women (n = 146) who underwent cervical ripening using a dinoprostone insert (PG) alone (13.7%), cervical ripening balloon (CRB) alone (52.7%), oral misoprostol (M) alone (4.1%), or repeated methods (R, 29.5%) for gestational diabetes mellitus (GDM) at term, and to analyze maternal and neonatal morbidity outcomes according to the method for cervical ripening. After cervical ripening, vaginal delivery occurred in 84.2% (n = 123) and was similar among groups (90.0% after PG, 83.1% after CRB, 83.3% after M, and 83.7% after R; p = 0.89). After a multivariable logistic regression analysis adjusted for potential confounders, the internal cervical os being open before cervical ripening was a predictor of vaginal delivery (adjusted odds ratio (OR) of 4.38, 95% confidence index (CI) of 1.62–13.3, p = 0.03), and previous cesarean delivery was a predictor of cesarean delivery (aOR of 7.67, 95% CI of 2.49–24.00, p < 0.01). Birthweight was also significantly associated with cesarean delivery (aOR of 1.15, 95% CI of 1.03–1.31, p = 0.02). The rates of maternal and neonatal morbidity outcomes were 10.9% (n = 16) and 19.9% (n = 29), respectively, and did not differ according to the mode of delivery and to the method used for cervical ripening. Identifying these specific high-risk women (previous cesarean delivery and internal cervical os being closed before cervical ripening) for cesarean delivery among women who underwent cervical ripening for GDM at term is important and practical for all physicians to make a decision in partnership with women.
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1. Introduction


Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance with an onset or first recognition during pregnancy [1,2]. In women with GDM, there is evidence of major changes in the mother, placental, and fetal metabolism, as well as implications for fetal growth and development. Impaired pancreatic insulin secretion, dyslipidemia, and defects in the insulin signaling pathway in the skeletal muscle and adipose tissue that relate to the altered glucose–insulin handling and a higher prevalence of increased fetal adiposity and fetal macrosomia were observed in women with GDM [3,4,5,6].



Improved glycemic control among women with GDM allows to reduce maternal mortality and morbidity due to labor complications (severe perineal tears, postpartum hemorrhage, and cesarean delivery (CS)) and also to reduce neonatal mortality and morbidity (macrosomia, shoulder dystocia, brachial plexus injury, and neonatal asphyxia) [7,8,9,10,11,12]. The current guidelines for the management of GDM consider that, in women who present with a strict glycemic control with diet alone or with antenatal insulin therapy (AIT), there is no argument that justifies a different management from a normal pregnancy and allows awaiting spontaneous labor until 41 weeks. Women who are not controlled with AIT or who present with suspected fetal macrosomia at 37 weeks (defined as an ultrasonographic-estimated fetal weight (EFW) > 97th centile) are advised to undergo induction of labor (IOL) at 39 weeks to reduce potential stillbirths and neonatal morbidity (macrosomia, shoulder dystocia, brachial plexus injury, and neonatal asphyxia) [1,2]. GDM has become the most important cause for IOL all around the world. A recent study based on nationwide data from the Icelandic Medical Birth Register on 85,620 singleton births from 1997 to 2018 showed that IOL was increasingly indicated from 1997–2001 to 2014–2018 mostly because of GDM (2.4% to 16.5%) [13].



Many data comparing different methods for IOL are available and showed that mechanical induction with a balloon catheter is probably as effective as vaginal prostaglandins with a more favorable safety profile; however, it may be slightly less effective than oral misoprostol or low-dose vaginal misoprostol, but with a better safety profile [14,15,16,17,18,19,20]. Nevertheless, there are insufficient comparative data to determine which of the methods is the most effective and safe for women with GDM at term [21]. Effectively, some physiopathology findings in women with GDM must be taken into consideration, such as the impairment of uterine contractility with significant decreased uterine contraction amplitude and duration due to reduced calcium channel expression and signaling, which may lead to a poorer myometrial activity during labor and an increased risk of CS [7]. Moreover, variation in parity, gestational age at IOL, as well as other demographic features of women with GDM (higher body mass index (BMI), greater maternal age, more nulliparity, more frequent polyhydramnios, and higher birthweight) may undoubtedly affect the clinical results. Some studies showed that the duration of labor, the mode of delivery, and maternal and neonatal outcomes seemed to not be impacted by GDM [22,23,24], while other published studies reported a significantly longer time in active labor [25] or an increased risk of CS after IOL among women with GDM, compared to the general population [26,27,28,29]. In order to try to understand the nuances in safety and efficacy outcomes, a prospective observational study may assess which method is associated more with vaginal delivery among these specific women, to look for the optimal protocol of cervical ripening among women with GDM.



The aim of this prospective observational study is to identify the predictive factors for vaginal delivery among women who required cervical ripening for GDM at term and to analyze maternal and neonatal morbidity outcomes according to the mode of delivery and to the device used.




2. Materials and Methods


2.1. Study Design


This was a planned secondary analysis of a prospective cohort study that included all consecutive women who underwent cervical ripening using a dinoprostone insert (PG), cervical ripening balloon (CRB), oral misoprostol (M), or repeated methods (R) from 9 January 2020 to 30 June 2021 in a tertiary care university hospital with more than 2600 annual deliveries [30].




2.2. Participants


For the study, we included women with live singleton fetuses at term (>37 weeks of gestation) in vertex presentation and intact membranes who underwent cervical ripening using PG, CRB, M, or R for GDM that was not controlled by AIT or that was associated with suspected fetal macrosomia at 37 weeks. The exclusion criteria were women aged < 18 years, with previous diabetes, a first-trimester fasting plasma glucose (FPG) ≥ 126 mg/dL, multiple gestation, women without ultrasound gestational age dating before 24 weeks (according to crown-to-rump length in the first trimester or fetal biometry in the second trimester), placenta closer than 2 cm from the internal os, undiagnosed vaginal bleeding, active or purulent infection of the lower genital tract, lethal congenital anomaly, allergy to latex, and non-reassuring pre-ripening cardiotocograph (CTG).




2.3. Ethical Approval


The present study was conducted in accordance with the principles of the Declaration of Helsinki and French approved guidelines. Information on the study was provided to the eligible women by obstetricians and midwives in the labor ward immediately before cervical ripening. All participants received written information about the study using institutional review board-approved documents. A written consent is not required for prospective observational studies according to the French law, but each eligible woman was provided with the opportunity to decline being included in the prospective cohort study. After providing written information and oral consent, an anonymous number was allocated to each included woman. The study protocol was approved by a Research Ethics Committee (Groupe Nantais d’Ethique dans le Domaine de la Santé (GNED)) on 8 January 2020 before the beginning of the study (ethical code number: 2020-01-08).




2.4. Procedures


Details of the procedures used to manage cervical ripening and labor, maternal characteristics, intrapartum variables, and clinical outcomes identified in the immediate postpartum period were prospectively collected using a maintained database of the women who were included in the study [30].



As described in detail previously [30] and according to the French guidelines [1], pregnant women who belong to a risk group (e.g., age ≥ 35 years, BMI ≥ 25 kg/m2, familial history of diabetes, and previous GDM or macrosomia) undergo a FPG during the first trimester of the pregnancy. GDM is diagnosed if FPG meets or exceeds 92 mg/dL (5.1 mmol/L) [1,2]. Women who present with the risk factors of GDM and a normal first-trimester FPG undergo a 75 g oral glucose tolerance test between 24 and 28 weeks. GDM is diagnosed if one or more plasma glucose levels meet or exceed the recommended thresholds [1,2].



As described in detail previously [31,32], after being diagnosed with GDM, all women were admitted in an ambulatory procedure and managed with education, lifestyle intervention, and medical nutrition therapy to maintain strict glycemic control using self-monitoring of blood glucose values (preprandial goal < 95 mg/dL and postprandial goal < 120 mg/dL at 2 h [1,2]). AIT was introduced after 1 or 2 weeks of failed achievement of glycemic control. In our center, as described previously [31,32], all women with GDM underwent a fetal ultrasound assessment at 22, 28, 32, and 36 weeks. Women who were not controlled with AIT or who presented with suspected fetal macrosomia at 37 weeks (defined as an ultrasonographic EFW > 97th centile [33]) were advised to undergo IOL at 39 weeks to reduce potential stillbirths and neonatal morbidity (macrosomia, shoulder dystocia, brachial plexus injury, and neonatal asphyxia) [1,2]. The others were allowed to await spontaneous labor until 41 weeks [1,2]. No variation in practice among the women was observed throughout the period of study, as the same team cared them.



In women with an unfavorable cervix (Bishop score < 6), cervical ripening by mechanical (CRB) or pharmacologic (PG or M) methods prior to the onset of spontaneous labor is advised to improve the vaginal delivery rate. In our center, the choice of the cervical ripening method was left to the free discretion of the obstetrician in accordance with the institutional local guidelines [30]. All women were admitted to the labor ward and kept there for at least 30 min of a normal CTG before (and after) undergoing the cervical ripening method that was used, as per the manufacturer’s instructions (Cervical Ripening Balloon®; Cook OB/GYN, Spencer, IN, USA; Propess®; Ferring, Saint-Prex, Switzerland, and Angusta®; Norgine B.V., Amsterdam, The Netherlands). CRB and PG were used for a maximum period of 24 h, and were removed before 24 h in the case of spontaneous labor, expulsion, non-reassuring CTG result, spontaneous rupture of membranes, or unexplained vaginal bleeding. Oral misoprostol (M) was continued for more than 24 h. If labor did not ensue or the Bishop score was still unfavorable (score < 6) after 24 h, there was no consensus, and repeating cervical ripening was proposed (R group). Once the Bishop score was ≥6, further management with amniotomy and oxytocin induction was recommended in our team.




2.5. Data Collection


As described in detail previously [30], maternal characteristics (age, pre-pregnancy weight and BMI, and women’s medical and obstetric history (i.e., previous CS)) were collected throughout the study period. Data about pregnancy and labor characteristics were also collected: antenatal suspicion of macrosomia (defined as ultrasonographic EFW > 97th centile at 37 weeks), cervical ripening method, Bishop score and each Bishop score criterion (dilatation, effacement, fetal station, consistency, and position) before and after ripening, uterine tachysystole, artificial rupture of membranes before starting oxytocin, mode of labor (oxytocin induction, quantity of oxytocin used, and amniotomy), gestational age at delivery, mode of delivery (spontaneous or operative vaginal delivery and CS), the indication of CS, the time of CS (before labor (failure of IOL) or during labor (during the latent or active phase)), birth weight, and immediate maternal and neonatal outcomes. The maternal outcomes included the severity of perineal tears, postpartum hemorrhage (PPH, defined as bleeding 500 mL or greater, with routinely assessed blood loss with a collector bag placed just after birth), severe PPH (defined as bleeding 1000 mL or greater), the need for additional uterotonic agent (sulprostone) and second-line therapies (Bakri balloon, uterine compression sutures, uterine artery embolization, and peripartum hysterectomy) for the management of massive persistent PPH after the failure of uterine massage and uterotonic agents to stop bleeding, chorioamnionitis (defined as maternal hyperthermia greater than 38.5 °C, maternal tachycardia greater than 100 bpm, fetal tachycardia greater than 160 bpm, and meconium-stained amniotic fluid), infections (defined as at least one of the following: endometritis, episiotomy infection, or wound infection requiring surgery), blood transfusion, thromboembolic event, intensive care unit (ICU) admission, and maternal death.



Neonatal immediate outcomes included umbilical arterial blood gases at birth, 5 min Apgar score, shoulder dystocia (defined as the application of additional obstetric maneuvers following the failure of gentle downward traction on the fetal head to enable the delivery of the fetal shoulders [34,35]), neonatal trauma (defined as the existence of at least one of the following: the fracture of the clavicle or a long bone, brachial plexus injury, or cephalhematoma), respiratory distress syndrome, neonatal jaundice (that needed phototherapy after birth), neonatal hypoglycemia (defined as blood glucose < 40 mg/dL in the first 24 h post-delivery or blood glucose < 50 mg/dL from the second day of life), intraventricular hemorrhage, the need for resuscitation or intubation, any transfer to the neonatal intensive care unit (NICU) for the close monitoring of the neonate, sepsis (defined as confirmed clinical infection with positive bacteriological tests), seizures, and neonatal death.




2.6. Endpoints


The primary endpoint was vaginal delivery after cervical ripening. The secondary outcomes were composite maternal and neonatal morbidity. Maternal morbidity was defined by at least one of the following criteria: chorioamnionitis, third- or fourth-degree perineal tears, PPH, need for sulprostone, second-line therapies, blood transfusion, ICU admission, and maternal death. Neonatal morbidity was a composite variable, defined by at least one of the following criteria: shoulder dystocia, 5 min Apgar score less than 7, pH less than 7.10, respiratory distress syndrome, neonatal hypoglycemia, neonatal trauma, neonatal hyperbilirubinemia, sepsis, intraventricular hemorrhage greater than grade 2, seizures, need for resuscitation or intubation, NICU admission, and neonatal death.




2.7. Statistical Analysis


Continuous data were described by their means ± standard deviations and compared by t-tests (or Mann–Whitney tests when appropriate), and categorical data were described by percentages and compared using chi-squared tests (or Fisher’s exact tests when appropriate). The predictive factors for vaginal delivery after cervical ripening among women with GDM at term were analyzed using appropriate tests. We also compared the maternal and neonatal outcomes according to the mode of delivery, and specifically studied the association (assessed by multivariate logistic regression analyses) among the mode of delivery, maternal and neonatal morbidity outcomes, and the method used for cervical ripening (PG, CRB, M, or R). The multivariate logistic regression allowed us to analyze (together) the effect of other risk factors and potential confounders (maternal age, parity, BMI before pregnancy, gestational age at delivery, mode of delivery, and birth weight). No formal sample size was calculated as we collected data for all cases over a specified time period. We used the R software (version 4.2.0 Patched) for all the analyses. A p-value < 0.05 was considered statistically significant.





3. Results


During the study period, 3920 births took place in our tertiary public hospital, and 718 women (18.3%) with a live singleton fetus at term in the vertex presentation required cervical ripening for different indications (maternal, fetal, or both) in our hospital. Among these women, 146 (20.3%) underwent cervical ripening at term due to GDM that was not controlled with AIT or due to suspected fetal macrosomia at 37 weeks. Among the 146 women included, 39.7% (n = 58) were nulliparous, and 61.6% (n = 90) required AIT for glycemic control during pregnancy. The maternal characteristics according to the mode of delivery are shown in Table 1.



The rates of obesity, nulliparity, previous GDM, GDM with AIT, and antenatal suspicion of macrosomia were similar among groups. The rate of women with previous CS was significantly higher among women who had CS compared to women who delivered vaginally (34.8% vs. 6.5%, p < 0.001). The mean gestational age at birth was 39.1 ± 0.6 weeks and was also similar among groups (p = 0.22) (Table 1). Concerning cervical ripening, there were 39.7% (n = 58) women with a Bishop score < 3 before cervical ripening. Among these included women, a dinoprostone insert alone (PG) was used by 13.7% (n = 20), a cervical ripening balloon alone (CRB) by 52.7% (n = 77), oral misoprostol alone (M) by 4.1% (n = 6), and 29.5% of women underwent repeated methods (R) (n = 43) for cervical ripening. These rates were similar according to the mode of delivery (Table 1). Among Bishop score criteria at enrollment, only one criterion, ‘dilatation’ (internal cervical os open), differed among the groups (65.0% in the vaginal delivery group vs. 26.1% in the CS group, p < 0.001). No uterine tachysystole was observed in the study. Twenty-four hours after cervical ripening, 45.2% (n = 66) women were in labor, 50.7% (n = 74) had IOL with amniotomy+/-oxytocin infusion due to a favorable Bishop score, and 4.1% (n = 6) required CS for IOL failure. A higher rate of labor after cervical ripening was reported among women who delivered vaginally (51.2% vs. 13.0%, p < 0.01). Vaginal delivery occurred in 84.2% (n = 123) and was similar regardless of the method of cervical ripening used (90.0% (18/20) after PG, 83.1% (64/77) after CRB, 83.3% (5/6) after M, and 83.7% (36/43) after R; p = 0.89) (Table 1).



Maternal adverse events were rare and similar among groups (Table 1). No blood transfusion, thromboembolic event, intensive care unit admission, or maternal death were observed in the study. Maternal morbidity among women who gave birth to a live singleton fetus after cervical ripening for GDM at term was 10.9% (n = 16) and was similar according to the mode of delivery used (10.6% after vaginal delivery vs. 13.0% after CS, p = 0.69) (Table 1).



After multivariable logistic regression analysis adjusted for parity, consistency and dilatation of the cervix before ripening, gestational age at birth, and birth weight, dilatation at enrollment (internal cervical os open) was a predictive factor of vaginal delivery (adjusted odds ratio (OR) of 4.38, 95% confidence index (CI) of 1.62–13.3, p = 0.03). Contrarily, previous CS was a predictive factor of CS (aOR of 7.67, 95% CI of 2.49–24.00, p < 0.01) after cervical ripening (Table 2).



We also observed, after multivariable logistic regression analysis adjusted for potential confounders (parity and gestational age at delivery), that birthweight was significantly associated with CS (aOR of 1.15, 95% CI of 1.03–1.31, p = 0.02) (Table 2).



The neonatal outcomes according to the mode of delivery are shown in Table 3. Birthweight was significantly higher after cesarean delivery compared to vaginal delivery (3649 ± 521 g vs. 3421 ± 403 g, p = 0.02). No 5 min Apgar score less than 7, seizures, intraventricular hemorrhage greater than grade 2, neonatal trauma, or neonatal death were observed in the study. Neonatal morbidity was 19.9% (n = 29) and did not differ according to the mode of delivery (19.5% after vaginal delivery vs. 21.7% after CS, p = 0.60) (Table 3).



The univariate and multivariate analyses of maternal and neonatal morbidity outcomes after cervical ripening among women with GDM showed that maternal and neonatal morbidity outcomes were not significantly different according to the method for cervical ripening (Table 4).




4. Discussion


In our study, dilatation (internal cervical os open) before cervical ripening was a predictive factor of vaginal delivery among women who underwent cervical ripening methods for GDM at term. We also observed that previous CS and birthweight were significantly associated with CS among these women. No factor was associated with either maternal or neonatal morbidity.



Our study did not show that the Bishop score before cervical ripening was as a predictive factor for vaginal delivery, while dilatation (internal cervical os open) before cervical ripening was an important predictive factor of vaginal delivery. These data are in agreement with those in the literature [36,37]. Lyndrup et al. [36] demonstrated that the Bishop score may be replaced when cervical ripening is required, without taking into account the position and consistency of the cervix, but that more importance should be placed on cervical dilatation. Ivars et al. [37] also found that dilatation (internal cervical os open) before cervical ripening, parity, and fetal position are the main predictive factors, but not the Bishop score.



Although data comparing different methods for IOL are available [14,15,16,17,18,19,20], there are insufficient comparative data to determine which of the methods is the most effective and the safety profile among women with GDM at term. Moreover, in the published studies, the greater maternal age, higher BMI, higher nulliparity, and higher birthweight in the included women with GDM, compared to the general population, may undoubtedly affect the clinical results. Three retrospective studies with many bias investigated whether GDM itself had an effect on length of labor, mode of delivery, and maternal and neonatal outcomes among women with GDM compared with women without GDM in spontaneous labor at term [22], or by comparison with women without GDM and cervical ripening at term for another maternal and/or fetal indication [23], or by comparison with women with controlled GDM with diet alone [24]. A post hoc analysis using pooled data of two large multicenter randomized-controlled trials investigating the use of a dinoprostone vaginal insert for cervical ripening, which analyzed the duration of labor induction between diabetic and nondiabetic women that received a dinoprostone vaginal insert, was also published in 2021 [38]. These studies clearly demonstrated that, even if women with GDM were different than other women (higher BMI, greater maternal age, more nulliparity, and higher birthweight), the duration of labor, the mode of delivery, and the maternal and neonatal outcomes were not impacted by GDM [31,32,33], except in one study that included women with GDM as well as pre-pregnancy type 1 and 2 diabetes that limited the interpretations of the results [38]. The largest retrospective study in China (226 women with GDM and cervical ripening, and 1329 women without GDM and cervical ripening at term for another maternal and/or fetal indication) conducted a multivariate analysis that showed that the delivery rates of women with GDM delivered within 12, 24, 36, or 48 h and those delivered vaginally within 12 or 36 h were significantly lower than those of the controls, which clearly suggests the existence of other independent predictive factors beyond those studied [23]. A recent large population-based cohort study including 247,524 primiparous women who gave birth to a singleton fetus with cephalic presentation ≥ 34 weeks in Sweden showed that women with GDM underwent a significantly longer time in active labor with IOL and an increased risk of CS compared to women without GDM [25]. Nevertheless, few studies have assessed which method was associated more with vaginal delivery and less with maternal–fetal morbidity among women with GDM in order to look for the optimal protocol of cervical ripening for these specific women. Unfortunately, as reported in the data in the literature [18,20], we did not find any cervical ripening method that was more effective than the ones investigated in our study to increase the rate of vaginal delivery nor more likely to decrease perinatal morbidity.



Our study has several strengths. First, the study was a planned secondary analysis of data collected for a prospective observational study in a single site. Second, the strengths of this study lie in the homogeneous nature of the population studied (only women with live singleton fetuses at term in the vertex presentation and intact membranes who underwent cervical ripening for GDM that were not controlled by AIT or with an ultrasonographic EFW > 97th centile at 37 weeks were included), which increases its external validity and allows for a better extrapolation of the results. Third, all included women with GDM were cared for by the same obstetric and endocrinology team and were followed using standardized protocols including the need for treatment or obstetric intervention, and thus especially avoided significant differences in the outcomes due to variations in clinical practice. Fourth, another strength of this study is the use of multiple aspects for evaluating neonatal complications and a statistical analysis that accounted for multiple confounding factors.



Our results must be interpreted in light of certain limitations. First, our study reflects the experience of one tertiary hospital and the results may not be generalizable to all maternity wards using other practices for women with GDM (center effect bias). Second, no sample size to demonstrate the feasibility of the study was calculated before the study. The small sample size may mask the occurrence of rare but serious maternal–fetal events, shoulder dystocia, serious perineal tears, and hospitalization in an intensive care or in NICU, and therefore the small sample size of this study could have been too small to reveal a significant difference among the different ripening methods. Third, the present study did not specifically study the women’s experience and satisfaction of cervical ripening according to the different methods; thus, additional studies are necessary. Finally, the results might have been influenced by hidden confounders that were unfortunately not recorded, such as samples of women induced for glycemic imbalance and those induced for fetal impact.




5. Conclusions


The limitations notwithstanding, our study supports the continued use of the analysis of each Bishop score criteria before cervical ripening to predict vaginal delivery among women with GDM at term. Specifically, dilatation before cervical ripening (=internal cervical os open) was a predictive factor of vaginal delivery after cervical ripening among these women. Identifying specific high-risk women (previous CS and internal cervical os closed before cervical ripening) for CS among women who underwent cervical ripening for GDM at term is important and practical for all physicians to make a decision in partnership with women (i.e., methods for cervical ripening).
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Table 1. Maternal and labor characteristics, and maternal outcome according to the mode of delivery.






Table 1. Maternal and labor characteristics, and maternal outcome according to the mode of delivery.











	
	Vaginal Delivery, n = 123 (84.2%)
	Cesarean Delivery, n = 23 (15.8%)
	p-Value





	Maternal characteristics
	
	
	



	Age, years
	31.8 ± 5.4
	32.1 ± 5.9
	0.80



	Pre-pregnancy BMI, kg/m2
	28.4 ± 6.6
	30.9 ± 6.2
	0.07



	Obesity (BMI ≥ 30 kg/m2)
	46 (37.4)
	11 (47.8)
	0.35



	Tobacco use
	17 (13.8)
	1 (4.3)
	0.30



	Chronic hypertension
	3 (2.4)
	2 (8.7)
	0.20



	Nulliparity
	45 (36.6)
	13 (56.5)
	0.07



	Previous CS
	8 (6.5)
	8 (34.8)
	<0.001



	Previous GDM
	34 (27.6)
	4 (17.4)
	0.30



	Pregnancy characteristics
	
	
	



	ART
	7 (5.7)
	3 (13.0)
	0.20



	GDM with AIT
	80 (65.0)
	10 (43.5)
	0.05



	Gestational weight gain, kg
	10 ± 6
	12 ± 7
	0.11



	Pregnancy-associated hypertensive disorders
	2 (1.6)
	0
	0.94



	SGA
	4 (3.3)
	1 (4.3)
	0.60



	Antenatal suspicion of macrosomia
	42 (34.1)
	10 (43.5)
	0.48



	Cervical ripening characteristics
	
	
	



	Gestational age, weeks
	39.1 ± 0.7
	39.1 ± 0.6
	0.89



	Bishop score < 3
	46 (37.4)
	12 (52.2)
	0.19



	Bishop score criteria at enrollment
	
	
	



	  Dilatation (internal cervical os open)
	80 (65.0)
	6 (26.1)
	<0.001



	  Effacement (>30%)
	65 (52.8)
	15 (65.2)
	0.27



	  Fetal station (-2 and lower)
	77 (62.6)
	15 (65.2)
	0.81



	  Consistency (medium or soft)
	73 (59.3)
	12 (52.2)
	0.52



	  Position (middle or anterior)
	36 (29.3)
	5 (21.7)
	0.45



	Cervical ripening
	
	
	0.89



	  Dinoprostone insert alone
	18 (14.6)
	2 (8.7)
	



	  Cervical ripening balloon alone
	64 (52.0)
	13 (56.5)
	



	  Oral misoprostol alone
	5 (4.1)
	1 (4.4)
	



	  Repeated methods
	36 (29.3)
	7 (30.4)
	



	Labor characteristics
	
	
	



	Mode of labor
	
	
	<0.001



	  Labor after cervical ripening
	63 (51.2)
	3 (13.0)
	



	  Artificial rupture of membranes before starting oxytocin
	60 (48.8)
	14 (60.9)
	



	  CS for cervical ripening failure
	0
	6 (26.1)
	



	Epidural analgesia
	109 (88.6)
	18 (78.3)
	0.21



	Gestational age at birth, weeks
	39.3 ± 1.0
	39.4 ± 1.2
	0.22



	Maternal outcome
	
	
	



	PPH
	10 (8.1)
	3 (13.0)
	0.41



	Severe PPH
	3 (2.4)
	0
	0.92



	Episiotomy
	21 (17.1)
	4 (17.4)
	0.94



	Third- or fourth-degree perineal
	2 (1.6)
	0
	0.94



	Need for additional uterotonic agent (sulprostone)
	1 (0.8)
	1 (4.3)
	0.32



	Second-line therapies
	3 (2.4)
	0
	0.92



	Chorioamnionitis
	2 (1.6)
	0
	0.94



	Infections
	0
	1 (4.3)
	0.95



	Maternal morbidity
	13 (10.6)
	3 (13.0)
	0.69







Values are presented as mean ± SD or number (percentage) unless otherwise indicated. BMI, body mass index; GDM, gestational diabetes mellitus; ART, assisted reproductive technology; AIT, antenatal insulin treatment; SGA, small for gestational age; CS, cesarean delivery; PPH, postpartum hemorrhage. Continuous data were compared using t-tests (or Mann–Whitney tests when appropriate), and categorical data were compared using chi-squared tests (or Fisher’s exact tests when appropriate). A p-value < 0.05 was considered statistically significant.













 





Table 2. Multivariate analysis of vaginal delivery after cervical ripening among women with GDM.
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Variable

	
Vaginal Delivery (n = 123/146, 84.2%)




	
Adjusted OR (95% CI)

	
p-Value






	
Nulliparity

	
0.37 (0.12–1.06)

	
0.06




	
Previous CS

	
0.13 (0.04–0.40)

	
<0.001




	
Gestational age at delivery (for each week)

	
1.32 (0.59–2.93)

	
0.49




	
Dilatation at enrollment (internal cervical os open)

	
4.38 (1.62–13.3)

	
0.003




	
Birth weight (for each 100 g)

	
0.87 (0.76–0.97)

	
0.02








OR, odds ratio; CI, confidence interval; CS, cesarean delivery. Adjusted for parity, consistency and dilatation of the cervix before ripening, gestational age at delivery, and birth weight.













 





Table 3. Neonatal outcomes among women with GDM according to the mode of delivery.
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	Vaginal Delivery, n = 123 (84.2%)
	Cesarean Delivery, n = 23 (15.8%)
	p-Value





	Birth weight, g
	3421 ± 403
	3649 ± 521
	0.02



	pH less than 7.10
	3 (2.4)
	2 (8.7)
	0.24



	Need for resuscitation or intubation
	1 (0.8)
	1 (4.3)
	0.32



	Shoulder dystocia
	4 (3.3)
	0
	0.96



	Respiratory distress syndrome
	8 (6.5)
	1 (4.4)
	0.91



	Neonatal jaundice
	4 (3.3)
	2 (8.7)
	0.23



	Neonatal hypoglycemia
	4 (3.3)
	0
	0.96



	Sepsis
	1 (0.8)
	0
	0.97



	NICU admission
	5 (4.1)
	1 (4.4)
	0.99



	Neonatal morbidity
	24 (19.5)
	5 (21.7)
	0.60







Values are presented as mean ± SD or number (percentage) unless otherwise indicated. NICU, neonatal intensive care unit. Continuous data were compared using t-tests (or Mann–Whitney tests when appropriate), and categorical data were compared using chi-squared tests (or Fisher’s exact tests when appropriate). A p-value < 0.05 was considered statistically significant.













 





Table 4. Univariate and multivariate analyses of maternal and neonatal morbidity outcomes after cervical ripening.
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Variable

	
Maternal Morbidity

	
Neonatal Morbidity




	
No (n = 130)

	
Yes (n = 16)

	
p-Value

	
Adjusted OR (95% CI)

	
p-Value

	
No (n = 117)

	
Yes (n = 29)

	
p-Value

	
Adjusted OR (95% CI)

	
p-Value






	
Age, years

	
32.0 ± 5.6

	
30.7 ± 4.6

	
0.32

	
0.99 (0.89–1.10)

	
0.85

	
31.6 ± 5.5

	
33.1 ± 5.0

	
0.19

	
1.09 (0.99–1.20)

	
0.08




	
Pre-pregnancy BMI, kg/m2

	
28.9 ± 6.6

	
27.5 ± 6.2

	
0.41

	

	

	
30.9 ± 6.6

	
28.2 ± 6.6

	
0.12

	

	




	
Obesity (BMI ≥ 30 kg/m2)

	
52 (40.0)

	
5 (31.2)

	
0.49

	

	

	
42 (35.9)

	
12 (41.3)

	
0.26

	

	




	
Nulliparity

	
48 (36.9)

	
10 (62.5)

	
0.05

	
2.73 (0.88–9.24)

	
0.08

	
43 (36.7)

	
14 (48.3)

	
0.08

	
2.55 (0.92–7.53)

	
0.07




	
Previous CS

	
13 (10.0)

	
3 (18.7)

	
0.33

	

	

	
12 (10.2)

	
3 (10.3)

	
0.80

	

	




	
Gestational weigh