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Can we induce labor by mechanical methods following preterm premature rupture of membranes?
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INTRODUCTION

Preterm premature rupture of membranes (PPROM) complicates 3% of pregnancies. [START_REF] Lorthe | Impact of Latency Duration on the Prognosis of Preterm Infants after Preterm Premature Rupture of Membranes at 24 to 32 Weeks' Gestation: A National Population-Based Cohort Study[END_REF] The primary risk from PPROM is exposure to intrauterine infection (IUI), with incidence estimated from 15% to 25%. [START_REF] Kuba | ACOG Practice Bulletin No. 188: Prelabor Rupture of Membranes[END_REF] Management of PPROM is mainly based on prevention until 34 weeks' gestation and then induction is considered between weeks 34 and 37, based on varying national guidelines. [START_REF] Kuba | ACOG Practice Bulletin No. 188: Prelabor Rupture of Membranes[END_REF][START_REF] Schmitz | Preterm premature rupture of membranes: CNGOF Guidelines for clinical practice -Short version[END_REF][START_REF] Delorme | Modalities of birth in case of uncomplicated preterm premature rupture of membranes: CNGOF Preterm Premature Rupture of Membranes Guidelines[END_REF] Cervical ripening and labor induction can be performed by oxytocin, prostaglandins, or mechanical approaches (i.e., single or double balloon catheter). The balloon catheter technique is efficacious compared with other methods, with the advantage of reducing uterine hyperstimulation, which is primarily responsible for causing abnormal fetal heart rates. [START_REF] Penfield | Labor Induction Techniques: Which Is the Best?[END_REF][START_REF] Alfirevic | Methods to induce labour: a systematic review, network metaanalysis and cost-effectiveness analysis[END_REF][START_REF] Wang | Controlled-release dinoprostone insert versus Foley catheter for labor induction: a meta-analysis[END_REF] Despite this, one concern with using mechanical methods is infection risk. While the efficacy and safety -including IUI risk-of intracervical balloons has been confirmed for use with intact membranes, [START_REF] Mcmaster | Evaluation of a Transcervical Foley Catheter as a Source of Infection: A Systematic Review and Meta-analysis[END_REF] few studies have examined balloon-related IUI in premature rupture of membranes (PROM). [START_REF] Kruit | Foley Catheter or Oral Misoprostol for Induction of Labor in Women with Term Premature Rupture of Membranes: A Randomized Multicenter Trial[END_REF][START_REF] Cabrera | Use of intracervical balloons and chorioamnionitis in term premature rupture of membranes[END_REF][START_REF] Amorosa | A randomized trial of Foley Bulb for Labor Induction in Premature Rupture of Membranes in Nulliparas (FLIP)[END_REF][START_REF] Mackeen | Foley Plus Oxytocin Compared With Oxytocin for Induction After Membrane Rupture: A Randomized Controlled Trial[END_REF] Whether its effect is reduced in PPROM due to the absence of any effect on the membrane -and thus on endogenous prostaglandin secretion-is unknown.

Thus, the study objective was to evaluate effectiveness of the balloon catheter for induction in PPROM and determine whether balloon catheter for cervical ripening increases the Ceasarean section rate, compared with locally applied prostaglandins. The secondary objective was to assess the safety of the balloon catheter and mainly IUI rate in PPROM.

MATERIALS AND METHODS

This was a monocentric, retrospective cohort study in Lille (tertiary care hospital), France, examining patient records kept from 2002 to 2017. Patients were included if they had a singleton pregnancy with PPROM before term (<35 weeks) and were induced, after more than a week of management, by either locally applied (vaginal) prostaglandins or intracervical balloon. Patients were excluded in the case of intrauterine fetal death, if they were induced for suspicion of IUI, and if they did not need cervical ripening (Bishop > 6).

PPROM was clinically defined as fluid loss or ultrasound showing oligoamnios (maximum vertical pocket <2 cm). It was confirmed with positive Actim Prom test (Medix Biochemica), detecting the insulinlike growth factor binding protein-1 (IGFBP-1). Following current standard of care, PPROM-diagnosed patients received antenatal corticosteroids and prophylactic antibiotics (seven days of Amoxicillin), as soon as they were diagnosed. PPROM management during the study period, prior to implementation of homecare management, was conventional hospitalization. [START_REF] Petit | Preterm premature rupture of membranes : which criteria contraindicate home care management ?[END_REF] Labor induction occurred between 34 and 37 weeks, as recommended by the American College of Obstetrics and Gynecology. [START_REF] Kuba | ACOG Practice Bulletin No. 188: Prelabor Rupture of Membranes[END_REF] Patients in the study had an unfavorable cervix (Bishop score ≤ 6) and required cervical ripening, by either prostaglandin E2 or balloon catheter. There were two periods : the primary mode of cervical ripening was prostaglandins (gel or intravaginal device) until 2013, after which the intracervical balloon became the method of reference and was systematically used, whatever the bishop score, the fetal heart rate or the fetal presentation. Balloon catheter remained in situ 12 hours. The double balloon type (Cook Cervical Ripening Balloon reference J-CRBS-184000) was used initially, followed in 2015 by the single 50 mL inflated balloon (Cook Universa Foley catheter Fr 16 reference 028518-CE), which has the same efficacy and a lower cost. [START_REF] Pez | Cervical ripening and labor induction: Evaluation of single balloon catheter compared to double balloon catheter and dinoprostone insert[END_REF][START_REF] Lajusticia | Single versus double-balloon catheters for the induction of labor of singleton pregnancies: a meta-analysis of randomized and quasi-randomized controlled trials[END_REF] After the first ripening method, vaginal prostaglandins could be used as second induction agent if cervix was still unfavorable. Oxytocin was only used after the balloon catheter or the prostaglandins, if contractions or cervical dilation was insufficient. During labor, antibiotic prophylaxis with amoxicillin was systematic.

Management was the same in patients with a previous Cesarean delivery.

The primary study outcome balloon catheter efficiency evaluated by Cesarean section rate.

Secondary outcomes were: and interval from induction to delivery, labor duration (latent phase, active phase i.e. dilation > 5 cm and second stage), oxytocin use, IUI rate, maternal complications (i.e., postpartum hemorrhage and endometritis), and neonatal complications (respiratory distress, hyaline membrane disease, neonatal infection, intraventricular hemorrhage, necrotizing enterocolitis, neonatal death). IUI was defined according to the criteria set by Higgins et al.: temperature >38°C on two occasions, or >39°C with fetal tachycardia (>160 beats per minute for >30 minutes), purulent cervical discharge, or maternal leukocytosis (>15,000 cells/µL). [START_REF] Higgins | Evaluation and Management of Women and Newborns With a Maternal Diagnosis of Chorioamnionitis: Summary of a Workshop[END_REF][START_REF] Peng | Intrauterine inflammation, infection, or both (Triple I): A new concept for chorioamnionitis[END_REF] Endometritis was defined as a temperature >38°C associated with uterine pain or purulent cervical discharge, and with no other source of hyperthermia.

Statistical analyses

Data are presented as value (percentage) for categorical variables and mean ± standard deviation (SD) or median interquartile range (IQR) for continuous variables. Normality of distribution was checked graphically and using the Shapiro-Wilk test. Between-groups comparisons were made using the Chi-square test for categorical variables or Student's t-tests (or Mann-Whitney tests for non-Gaussian distribution) for continuous variables.

Statistical analyses used a two-tailed α, with p < 0.05 considered statistically significant. Data were analyzed using SAS software (version 9.4; SAS Institute Inc., Cary, NC).

Ethics

The study was approved by the Comité local de la Commission Nationale Informatique et Libertés (CNIL) (reference DEC16-210).

RESULTS

Over 211 patients induced for PPROM, 120 patients had an unfavorable cervix and were induced between 34 and 37 weeks (Figure 1). 91 patients had a bishop > 6 and were induced by oxytocin alone. Two patients were induced for suspicion of IIU and were excluded from the study. Therefore, 118 patients (55.9%) were included : 60 in the vaginal prostaglandin group (50.8%) and 58 in the balloon catheter group (49.2%). Among the latter, 42 were induced by double balloon and 16 with single balloon. Twenty-nine (50%) patients induced by balloon catheter required a second line of induction with prostaglandins. Demographics and pregnancy characteristics were similar between the groups except for induction term and neonatal weight (Table 1 and3); induction term differed between the groups, which was 35 weeks, 6 days (range: 35 weeks, 2 days to 36 weeks, 3 days) for patients induced by prostaglandins vs 36 weeks, 2 days (range: 36 weeks, 1 day to 36 weeks, 6 days) for patients induced by balloon catheter (p < 0.001). Neonatal weight also differed with 2580 grams for prostaglandins vs 2700 grams for balloons (p = 0.017). Bishop score at induction was comparable between the two groups: 3 (range: 2 to 4) for prostaglandins alone vs 3 (range: 2 to 4) for balloon catheter (p = 0.87).

There was not a significant difference between-groups in delivery mode (20.0% cesarean for prostaglandins group vs 10.3% for balloon catheter group p = 0.14; Table 2). The time from induction onset to birth did not differ significantly between the prostaglandin (29 hours) and balloon catheter (28 hours) groups (p = 0.32).

Among the secondary outcomes, there was not a significant difference in occurrence of IUI (11.7% for vaginal prostaglandins vs 12.1% for balloon catheter; p = 0.95). Labor duration among patients induced by prostaglandins alone was shorter compared with that of patients induced by balloon catheter (275 vs 283 minutes, respectively; p = 0.006); this result was found for each labor stage. Regarding labor characteristics, there was not a significant between-groups difference in rate of oxytocin use, although a higher total dose was observed for patients induced by balloon catheter (1.3 IU vs 0.6 IU for the prostaglandin group; p = 0.005).

Table 3 shows neonatal outcomes based on induction method. In the prostaglandin group, there were more transfers to intensive care (22% vs 5.2% in the balloon catheter group; p = 0.008) and more respiratory distress (16.7% vs 1.7% in the balloon catheter group; p = 0.005).

Among the 11 cases of intrauterine infection, 5 bacteria were found during the antenatal period using vaginal swab and 6 bacteria during the postpartum period. Among these cases, two patients had both antenatal and postnatal bacteria, and this bacterium was the same in one case. All patients had antibiotics during labor. Among the intrauterine infection cases, two presented maternal infection and one neonatal infection.

DISCUSSION

PPROM management includes induction between 34 and 37 weeks' gestation [START_REF] Kuba | ACOG Practice Bulletin No. 188: Prelabor Rupture of Membranes[END_REF] and the primary complication of PPROM is IUI risk. According to our study, induction by balloon catheter is not associated with an increase of this risk compared with induction by vaginal prostaglandins. Nor did we find a difference in delivery mode or time from onset of induction to birth. However, labor duration was shorter, and total dose of oxytocin lower, for patients induced by prostaglandins alone, whereas superior neonatal outcome was observed in the balloon catheter group.

Few studies have investigated induction methods in patients with rupture of membranes prior to 37 weeks' gestation; among these, most have focused on the optimal gestational age for birth, comparing expectative management to immediate delivery between 34 and 37 weeks. [START_REF] Van Der Ham | Induction of labor versus expectant management in women with preterm prelabor rupture of membranes between 34 and 37 weeks: a randomized controlled trial[END_REF][START_REF] Van Der Ham | Management of late-preterm premature rupture of membranes: the PPROMEXIL-2 trial[END_REF][START_REF] Morris | Immediate delivery compared with expectant management after preterm pre-labour rupture of the membranes close to term (PPROMT trial): a randomised controlled trial[END_REF] In those studies, induction mode was either oxytocin or prostaglandins. Various national guidelines do not recommend one induction method over another. Rather, they draw conclusions based on the efficacy and acceptability of oxytocin and prostaglandins, and on the relative lack of data on balloon catheter. [START_REF] Kuba | ACOG Practice Bulletin No. 188: Prelabor Rupture of Membranes[END_REF][START_REF] Schmitz | Preterm premature rupture of membranes: CNGOF Guidelines for clinical practice -Short version[END_REF][START_REF] Delorme | Modalities of birth in case of uncomplicated preterm premature rupture of membranes: CNGOF Preterm Premature Rupture of Membranes Guidelines[END_REF][START_REF]ACOG Committee on Practice Bulletins --Obstetrics. ACOG Practice Bulletin No. 107: Induction of labor[END_REF] Mechanical induction by single or double balloon catheter has been primarily discussed in the contexts of infection risk and mechanism of action. The main concern is a theoretical risk of infection due to the presence of a foreign body in the cervix, particular when the membranes have ruptured. [START_REF] Packard | Labor induction in the patient with preterm premature rupture of membranes[END_REF] McMaster et al. conducted a meta-analysis of 26 randomized trials with 5,563 patients with intact membranes, finding a similar rate of infection between Foley and prostaglandin groups; each had approximately 7.2% IUI, 3.5% endometritis, and 3.5% neonatal infections. [START_REF] Mcmaster | Evaluation of a Transcervical Foley Catheter as a Source of Infection: A Systematic Review and Meta-analysis[END_REF] Amorosa et al. compared use of a Foley catheter with oxytocin vs oxytocin alone in a randomized trial of 128 patients with premature rupture of membranes (PROM) after 34 weeks' gestation. [START_REF] Amorosa | A randomized trial of Foley Bulb for Labor Induction in Premature Rupture of Membranes in Nulliparas (FLIP)[END_REF] These authors found no difference in delivery mode nor in induction-to-delivery time between the groups, with no significant difference in IUI rate (10% in the Foley group vs 5% in the oxytocin alone group; p = 0.31).

Conversely, in a randomized trial of 201 patients with PROM after 34 weeks' gestation, Mackeen et al. found an increased IUI rate in the oxytocin + Foley group compared with oxytocin alone (8% vs 0%, respectively; p < 0.01). The Cesarean section rate (27% vs 19% respectively, p=0.35) and the induction-delivery delay was similar between groups in that study. [START_REF] Mackeen | Foley Plus Oxytocin Compared With Oxytocin for Induction After Membrane Rupture: A Randomized Controlled Trial[END_REF] After 37 weeks' gestation, Cabrera et al. retrospectively evaluated 42 patients induced by Foley, compared with 82 induced by oxytocin alone. [START_REF] Cabrera | Use of intracervical balloons and chorioamnionitis in term premature rupture of membranes[END_REF] Using logistic regression, that group found the occurrence of IUI to be associated with nulliparity and use of internal tocometry, rather than use of balloon catheter. In a randomized trial of 202 patients, Kruit et al. compared induction following PROM after 37 weeks by Foley vs prostaglandins and did not find any difference in either rate of cesarean delivery rates (23.6 vs. 18.2% respectively ; p = 0.36), time from induction to birth (1,311 vs. 1,435 minutes; p = 0.31) or rate of IUI (2.2 vs 2%, respectively; p = 1.00). [START_REF] Kruit | Foley Catheter or Oral Misoprostol for Induction of Labor in Women with Term Premature Rupture of Membranes: A Randomized Multicenter Trial[END_REF] The second concern with balloon catheter in PPROM is its efficacy when the membranes are ruptured. Indeed, rupture of membranes is associated with local secretion of prostaglandins, facilitating spontaneous labor.

However, the balloon catheter also aids secretion of local prostaglandins, via membrane stripping. Due to the mechanism of rupture, it is possible that the optimal physiological amount of prostaglandins has already been reached. The effect of the balloon would therefore be limited. In our analyses, we observed balloon catheter induction to have the same efficacy as prostaglandins. Labor lasted 8 minutes longer in the balloon catheter group, which is clinically negligible. Consistent with Wang et al., we observed a decrease in the use of oxytocin in prostaglandin induction compared with a mechanical method. [START_REF] Wang | Controlled-release dinoprostone insert versus Foley catheter for labor induction: a meta-analysis[END_REF] This study is original since other authors studied induction with balloon catheter in term PROM and never in PPROM, to our knowledge. It is all the more interesting as risk of IUI increase with length of latency. Although our novel study revealed valuable findings on the safety and efficacy of balloon catheter induction in the management of PPROM, it was not without several limitations. First, the two groups were not strictly comparable because their induction terms differed by 3 days (although this difference is not clinically meaningful) and the neonatal weight also differed. It might be the reason of the statistical difference in neonatal outcomes. Second, our sample size was relatively small, [START_REF] Cabrera | Use of intracervical balloons and chorioamnionitis in term premature rupture of membranes[END_REF][START_REF] Amorosa | A randomized trial of Foley Bulb for Labor Induction in Premature Rupture of Membranes in Nulliparas (FLIP)[END_REF] and thus did not allow analysis of rare events (e.g., endometritis, neonatal infections). A larger number of patients may have revealed a significant difference on outcomes such as delivery mode . In fact, there were twice as many Cesarean deliveries in the prostaglandin group (20%) than in the balloon group (10%; p = 0.14). The sample size for the outcomes are not of sufficient number to rule out a type II error for the small differences in the variables measured. Third, there is a classification bias given that 50% of the balloon group received prostaglandins. A subgroup analysis was not statistically relevant considering our sample size. Forth, we cannot rule out the possibility of an IUI classification bias in the prostaglandin group; indeed, hyperthermia is a known side effect of dinoprostone. [START_REF] Penfield | Labor Induction Techniques: Which Is the Best?[END_REF] Moreover, the assessment of the IUI was not blinded so views of the clinicians could affect the diagnosis of IUI. Nevertheless, we used a standardized IUI definition, based on the criteria by Higgins et al. and objective data. [START_REF] Higgins | Evaluation and Management of Women and Newborns With a Maternal Diagnosis of Chorioamnionitis: Summary of a Workshop[END_REF] Finally, a mid-study change in standard practice within our center, implementation of homecare management, may have affected our patients' microbial ecology.

CONCLUSION

Compared with locally applied prostaglandins, induction by intracervical balloon is not associated with a significantly higher risk of Cesarean section. Thus, balloon catheter appears to be an option for PPROM management. These results should be confirmed in a randomized study with a larger sample. 

Table 1 .

 1 Sample characteristics based on cervical ripening method.

	Variable	Prostaglandin group	Balloon group	P value
		n = 60	n = 58	
	Age (years)	25.5 (21.0-31.0)	28.0 (24.0-34.0)	0.094
	Prepregnancy BMI (kg/m2)	22.0 (19.0-26.0)	22.0 (20.0-25.0)	0.37
	Smoking	13 (21.7)	9 (15.5)	0.39
	Nulliparous	25 (41.7)	32 (55.2)	0.14
	Prior Cesarean delivery	2 (3.3)	3 (5.2)	NA
	IUGR	5 (8.3)	4 (6.9)	1.00
	Obstetrical pathology	14 (23.3)	9 (15.5)	0.28
	Premature labour,	6 (10.0)	2 (3.4)	NA
	Gestational diabetes,	5 (8.3)	5 (8,6)	NA
	Obstetric cholestasis	1 (1.7)	0	NA
	Gestational age at PPROM* (weeks)	31.9 (27.1-32.8)	29.2 (25.1-32.6)	0.22
	Positive bacteriological culture on	5 (8.5)	4 (7.0)	1.00
	vaginal swab at PPROM			
	Oligoamnios at PPROM	9 (15.0)	5 (8.6)	0,28
	Gestational age at induction*	35.9 (35.4-36.3)	36.3 (36.1-37.0)	<0.001
	(weeks)			
	IUGR = intrauterine growth restriction			
	Data expressed as n (%) or median* (interquartile range)		

Table 2 .

 2 Induction characteristics in PPROM patients based on cervical ripening method.

	Variable	Prostaglandin group	Balloon group	P value
		n = 60	n = 58	
	Bishop score*	3.0 (2.0-4.0)	3.0 (2.0-4.0)	0.87
	Need for a second line of induction	24 (40.0)	29 (50.0)	0.27
	Number of prostaglandins*	1.00 (1.00-2.00)	1.00 (0.00-2.00)	<0.001
	Time from onset of induction to	24.0 (8.2-38.8)	21.8 (14.8-39.5)	0.48
	delivery room* (hours)			
	Time from induction to delivery*	29.0 (13.3-48.9)	28.0 (20.9-46.7)	0.32
	(hours)			
	Oxytocin use	33 (57.9)	41 (71.9)	0.12
	Total dose of oxytocin*	0.6 (0.3; 2.0)	1.3 (0.8; 2.	

Table 3 .

 3 Neonatal outcomes in PPROM patients based on cervical ripening method.
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