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Introduction

Induction of labor is an increasingly common obstetric pro-
cedure, involving about 20% of all pregnant women [1]. 
Success of labor induction is related to the degree of pre-
induction cervical ripening depending on gestational age [2,3]. 
Regarding cervical ripening agents or methods, several prosta-
glandins (PG) including PGE1 and PGE2 (gel, tablet, or pessary 
type) have been used depending on local availability or the 
physician’s preference. According to a survey performed in 
our country, the PGE2 vaginal pessary was found to be most 
frequently used for labor induction [4]. While the efficacy and 
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safety issues of using PGE2 (10 mg) at term pregnancy have 
been previously demonstrated in many studies [5-7], few 
studies have specifically addressed these issues in the context 
of preterm pregnancy. 

Delivery in preterm gestation is indicated in several clinical 
situations including maternal hypertensive disorder, prema-
ture preterm rupture of membranes (PPROM), fetal growth 
restriction, maternal indication, oligohydramnios, and certain 
fetal anomalies. Since preterm women, especially those in 
primiparity, usually have an unfavorable cervix, the rate of 
cesarean section (CS) due to induction failure is higher than 
at term [1,6,8], suggesting the importance of pre-induction 
cervical ripening in preterm gestation. On the contrary, pos-
sible side effects of PGs such as tachysystole or nonreassuring 
fetal heart rate may exert more deleterious effects on preterm 
fetuses [9]. Given these concerns, obstetricians are often re-
luctant to attempt preterm induction. 

Therefore, it is clinically important to investigate the efficacy 
and safety of cervical ripening agents in preterm pregnancy 
and to identify elements involved in successful labor induc-
tion. In this study, we aimed to examine the success rate and 
predictive factors for labor induction at preterm gestation (<37 
weeks) using the PGE2 vaginal pessary as a cervical ripening 
agent. We also investigated the incidences of intrapartum 
complications such as tachysystole and nonreassuring fetal 
heart rate. 

Materials and methods

This retrospective study included a total of 155 preterm preg-
nant women who underwent labor induction with cervical 
ripening using a 10 mg PGE2 vaginal pessary (Propess, Ferring 
Pharmaceuticals, West Drayton, UK) from 2009 to 2015 in 
our institution. The gestational age at labor induction ranged 
from 24 to 36 complete weeks. We excluded cases with fetal 
death in utero, multiple gestations, or those with have any 
contraindications for vaginal delivery (VD). 

Demographic data of patients included maternal age, parity, 
body mass index, and underlying diseases such as hyperten-
sion and diabetes mellitus (DM). Clinical characteristics includ-
ed cervical status (dilatation and effacement), Bishop score, 
gestational age at induction and delivery, induction to delivery 
time, rupture of the membranes, delivery mode, indications 
of induction, reason for CS indication, birth weight, intrapar-

tum complications, postpartum hemorrhage, and neonatal 
outcomes (Apgar score and neonatal intensive care unit hos-
pitalization).

Induction indications were classified into six categories: hy-
pertensive disorder, PPROM, fetal growth restriction, maternal 
indication, oligohydramnios, and fetal anomaly. Hypertensive 
disorder included chronic hypertension, gestational hyperten-
sion, and preeclampsia. The maternal indications were DM 
nephropathy, idiopathic thrombocytopenic purpura, breast 
cancer, colon cancer, and history of fetal death in utero. Ma-
ternal DM included both overt DM and gestational DM. In 
cases of fetal anomaly, if the fetal state began to deteriorate 
due to fetal anomaly, we determined induction of labor. 

According to our departmental protocol, women who 
were admitted for induction were examined by performing 
vaginal examination (cervical dilation, cervical effacement, 
cervical consistency, cervical position, and station of fetal pre-
senting part) for Bishop scoring. Fetal heart monitoring was 
performed prior to PGE2 pessary insertion for one hour. PGE2 
insertion into the posterior fornix was performed according to 
the Bishop score (≤4) and maintained for a maximum of 10 
hours. If the Bishop score did not change, PGE2 was inserted 
again at 24-hour intervals. If uterine contraction was insuf-
ficient, augmentation with oxytocin was initiated. The initial 
oxytocin dose was 5 mU/min (30 mL/hr) and the increment 
dose was 5 mU/min every 20 minutes as needed. PGE2 was 
removed in the event of painful uterine contraction, nonreas-
suring fetal heart rate, or uterine tachysystole (>5 uterine con-
tractions in 10 minutes). Duration from induction to delivery 
was defined from the time of Propess insertion to the time of 
delivery. Nonreassuring fetal heart rate was defined as either 
category II (without adequate reassurance) or category III fetal 
heart rate tracing. Induction failure was defined as the failure 
to reach the active phase of labor (cervical dilation of 4 cm or 
more with regular uterine contractions) after at least 24 hours 
of oxytocin administration. Progress failure was defined as the 
arrest of dilation in the active phase or the arrest of descent in 
the second stage. 

 Data analysis was used with SPSS ver. 23.0 (IBM Corp., Ar-
monk, NY, USA). Univariate analysis with Student’s t-test was 
performed to measure continuous variable factors and chi 
square test, Fisher’s exact test  and linear by linear association 
analysis were used for categorical variables. Multivariate lo-
gistic regression analysis was performed in order to detect the 
predictive factors of successful VD. A P-value of <0.05 was 
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considered significant. The study was approved by the hospi-
tal’s institutional review board (SMC 2016-05-074).

Results

Overall, of the 155 women in our study population who were 
induced with PGE2, 57% (n=89) underwent VD and 43% 
(n=66) required CS. The most common indication for labor in-
duction was hypertensive disorder (n=67, 43%), followed by 
PPROM (n=28, 18%), fetal growth restriction (n=28, 18%), 
aggravation of maternal medical condition (n=15, 10%), oli-
gohydramnios (n=10, 6%), and fetal anomaly (n=7, 5%). 

The baseline characteristics of the VD and CS groups were 
compared (Table 1). As expected, the proportion of multipa-
rous women was significantly higher in the VD group than in 

the CS group (39.3% vs. 12.2%, P=0.005). The VD rate was 
significantly higher in patients with ruptured membranes, but 
lower in patients with concomitant hypertensive disorders. 
Gestational age at labor induction and neonatal weight in the 
VD group were significantly higher compared to those in the 
CS group. As the gestational age at induction progressed, the 
success of VD increased (P=0.006) (Fig. 1).

We analyzed cervical status at induction in our study popu-
lation and compared each parameter between the VD and CS 
groups (Table 2). The degree of each cervical dilatation or ef-
facement, and Bishop scores at the pre-induction stage were 
not different between the two groups. However, the change 
in Bishop scores after the removal of PGE2 seemed to be high-
er in the VD group than in the CS group (41.6% vs. 56.9%, 
P=0.06). 

We also examined the success rate of VD according to each 

Table 1. Demographic and clinical characteristic of study patients  

Factor Vaginal delivery (n=89) Cesarean section (n=66) P-value

Maternal age (yr) 31.49±0.433 32.62±0.465 0.082

Body mass index (kg/m2) 25.30 (20–38) 24.82 (20–39) 0.585

Multiparity 35 (39.3) 12 (12.2) 0.005

Hypertensive disorder 26 (29.2) 41 (62.1) 0.000

Diabetes mellitus 5 (5.6) 3 (4.5) 1.000

Gestational age at induction (day) 247.0 (174–258) 242.5 (181–258) 0.013

Gestational age at delivery (day) 249.0 (174–260) 244.5 (182–262) 0.006

Induction to delivery time (min) 1,205 (121–4,302) 1,251 (130–5,040) 0.198

Ruptured membranesa) 26 (29) 5 (7.5) 0.001

No. of prostaglandin E2 0.707

1 71 (79.8) 51 (77.3)

2 18 (20.2) 15 (22.7)

Birth weight (g) 2,198±598 1,896±456 0.001

Sex (male) 45 (50.6) 33 (50.0) 0.945

Apgar score

1-min Apgar score <4 1 (1.1) 2 (3.0) 0.394

5-min Apgar score <7 1 (1.1) 3 (4.5) 0.184

Cord pH 7.300 (7.031–7.538) 7.290 (6.926–7.408) 0.543

<7.0 0 2 (3) 0.098

<7.2 9 (10) 8 (12) 0.692

Base excess -4.15 (-15.4–1.9) -3.10 (-16.9–5.0) 0.002

<-12.0 3 (3) 3 (4.5) 0.708

Neonatal intensive care unit admission 16 (18) 37 (56) 0.000

Values are presented as mean±standard deviation, median (minimum–maximum), or number (%).
a)Ruptured membranes at the time of induction. 
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indication for induction of labor. As shown in Table 3, each in-
duction group went through cesarean delivery after induction 
for diverse reasons. The major reason for cesarean delivery in 
the context of hypertensive disorder and fetal growth restric-
tion was induction failure (60.0%, n=24; 54.5%, n=6). The 
most common reasons for cesarean section in each category 
of induction indication were failure to progress (PPROM, 
75.0%, n=3), non-reassuring fetal heart rate (oligohydram-

nios, 75.0%, n=3), and induction failure (maternal indication, 
66.7%, n=2). 

We examined the labor complications such as tachysystole 
or non-reassuring fetal heart rate in our study population. 
As a result, there were 18 cases of non-reassuring fetal heart 
rate (11%) and 9 cases (5.8%) of tachysystole. The incidence 
of postpartum hemorrhage, which was defined as massive 
blood loss (>1,000 mL), was 3.8% (n=6), and there were no 
cases that required transfusion or embolization. Among the 
neonatal outcomes, there were no differences in Apgar score, 
neonatal sex and cord PH. between the vaginal and cesarean 
delivery patients. 

 On multivariable logistic regression analysis, multiparity (OR, 
8.47; 95% confidence interval [CI], 3.10 to 23.14), maternal 
age (OR, 0.84; 95% CI, 0.75 to 0.94), gestational age at induc-
tion (OR, 1.06; 95% CI, 1.02 to 1.09), rupture of membranes 
(OR, 11.83; 95% CI, 3.55 to 39.40), and change in the Bishop 
score (OR, 2.19; 95% CI, 1.00 to 4.80) were significant predic-
tors of VD following preterm induction (Fig. 2). 

Discussion 

Our study demonstrated that the success rate for VD in pre-

Fig. 1. Success rate of vaginal delivery according to gestational age 
at induction.
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Table 2. Cervical status and Bishop score at time of labor induction 

Vaginal delivery (n=89) Cesarean section (n=66) P-value

Cervical dilatation (cm) 0.179

0 44 (49.4) 42 (64.6)

1 40 (44.9) 20 (30.8)

2 5 (5.6) 3 (4.6)

Cervical effacement (%) 0.191

0 43 (48.3) 42 (64.6)

25 30 (33.7) 16 (24.6)

50 15 (16.9) 7 (10.8)

75 1 (1.1) 0

Bishop score 0.218

0 23 (25.8) 19 (28.8)

1 21 (23.6) 24 (36.4)

2 21 (23.6) 12 (18.2)

3 17 (19.1) 6 (9.1)

4 7 (7.9) 4 (6.1)

Change of Bishop score (≥1) 52 (65.0) 28 (35.0) 0.060

Values are presented as number (%).
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term induction using PGE2 showed a pattern of stepwise 
increase according to the gestational age at induction: 16.7% 
(24 to 31 weeks), 50.0% (32 to 33 weeks), and 62.8% (34 
to 36 weeks). In addition to gestational age factor, we identi-
fied that multi-parity, younger maternal age, PPROM, and 
the change in Bishop score after removal of the PGE2 are 
significant predictive factors for the success of VD in preterm 
induction. Regarding safety issues, tachysystole after insertion 
of PGE2 occurred in about 6% of our study population. Al-
though many studies have examined the general use of PGE2 
agents for cervical ripening, research focusing specifically on 
PGE2 in the form of a vaginal pessary has been relatively rare. 
Thus, our data have contributed important clinical informa-
tion, particularly regarding preterm pregnancies where deliv-
ery is necessary due to maternal or fetal indications. 

The optimal method of labor induction in PPROM patients 
has been controversial. The American Congress of Obstetri-

cians and Gynecologists have recommended labor induction 
in the case of PROM, and suggested caution when using 
PGE2 in the case of maternal asthma, severe hepatic and 
renal dysfunction, or glaucoma [3]. However, they have not 
mentioned any specific contraindication of using PGE2 in 
PPROM patients. In fact, the American Congress of Obstetri-
cians and Gynecologists and Ray and Garite [10] refer to the 
safety and effectiveness of PGE2 in the context of PROM, and 
a 2004 study of 262 patients with both term and preterm 
PROM found that there were no apparent maternal or fetal 
complications in women who were administered PGE2 [11]. In 
our study, PPROM showed a significantly higher success rate 
of induction than did the other groups, with no differences 
in terms of intrapartum complications such as tachysystole or 
non-reassuring fetal heart rate.

 Other studies involving different types and doses of PGE2 
have reported on the success rates and safety levels in cases 

Table 3. The success rate of vaginal delivery and reason for cesarean section according to indication of preterm delivery

All Hypertensive 
disorder

Fetal 
growth 

restriction
PPROM Oligohy-

dramnios
Maternal 

indications
Fetal 

anomaly P-value

Mode of delivery

Vaginal delivery 89 (57.0) 26 (38.8) 17 (60.7) 24 (85.7) 6 (60.0) 12 (80.0) 4 (57.1) 0.001

C�esarean section after 
induction

66 (43.0) 41 (61.2) 11 (39.3) 4 (14.3) 4 (40.0) 3 (20.0) 3 (42.9)

Reason for cesarean section 0.076

Induction failure 35 (54.0) 24 (60.0) 6 (54.5) 1 (25.0) 1 (25.0) 2 (66.7) 1 (33.3)

Failure to progress 9 (14.0) 2 (5.0) 2 (18.2) 3 (75.0) 0 1 (33.3) 1 (33.3)

N�onreassuring fetal 
heart rate

18 (28.0) 11 (27.5) 3 (27.3) 0 3 (75.0) 0 1 (33.3)

A�ggravation of 
maternal state

3 (4.0) 3 (7.5) 0 0 0 0 0

Values are presented as number (%).
PPROM, premature preterm rupture of membranes.

Fig. 2. Multiple logistic regression 
analyses of success of vaginal delivery. 
OR, odds ratio; CI, confidence interval.
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of preterm induction. For example, Abelin Tornblom et al. [6] 
reported that labor induction at preterm (n=50) with PGE2 gel 
was successful in 80% of cases and that there were no cases 
of tachysystole after insertion of PGE2. Notably, that study 
population consisted of 70% multiparous women. In a large 
population study by Melamed et al. [12], in which PGE2 (3 
mg vaginal tablet) was used for pre-induction cervical ripen-
ing at preterm (n=444), a success rate for VD of about 75% 
was shown, with only one case of tachysystole and a study 
population of 50% multiparous women. In contrast, we used 
a different form of PGE2 (10 mg pessary) and found that 
overall success rate for VD was 56%, with a 6% incidence of 
tachysystole. The lower success rate of induction in our study 
population seemed to be associated with the relatively high 
proportion of primiparous women (70%), which corresponds 
to previous reports [13,14]. Although the rate of tachysystole 
induced by PGE2 was higher than in previous studies, there 
was no case of emergent CS due to tachysystole with nonre-
assuring fetal heart rate in our study population. 

Previous studies have demonstrated that degree of cervi-
cal ripening, higher gestational age, multi-parity, and lower 
maternal age are correlated with success of VD, though these 
studies mostly focused on term pregnancy [2,15-18]. Indeed, 
few reports to date have evaluated the predictive factors for 
labor induction success at preterm gestation. Since preterm 
induction has a higher failure rate for successful VD than 
does term induction [19], identifying associated predictors is 
considered critical in obstetric practice. To that end, we exclu-
sively focused on preterm induction using PGE2 as a cervical 
ripening agent and demonstrated that multi-parity, younger 
maternal age, higher gestational age, rupture of membranes, 
and the change in Bishop score are all significant predictive 
factors of preterm labor induction success.

It is noteworthy that we presented the success rates of VD 
and the reasons for CS after induction according to each indi-
cation group. Compared to other indication groups, a higher 
CS rate (61%) was observed in women with hypertensive 
disorder, which was the most common indication for labor in-
duction among our study population. A higher CS rate in pre-
term hypertensive women was similarly observed in a study by 
Blackwell et al. [20], which showed a 54% CS rate at preterm 
labor induction (gestational age <34 weeks) using a PGE2 gel. 
In that study, the foremost reason for CS was nonreassuring 
fetal status, whereas in our study, the chief cause for cesarean 
delivery in the hypertensive group was induction failure, as 

opposed to nonreassuring fetal status or aggravation of ma-
ternal factors. 

Our study may be limited by the fact that we retrospectively 
collected data from pregnant women who underwent pre-
term induction, as did previous studies [6,12]. For example, 
an individual clinician may opt for CS without first attempting 
labor induction in some women. Furthermore, the relatively 
small study population size and higher proportion of late pre-
term pregnancies (≥34 weeks) could be other weaknesses. 
Therefore, further studies assessing significant predictive fac-
tors and safety aspects associated with labor induction at pre-
term gestation remain to be conducted.

Typically, when obstetricians need to make a decision re-
garding delivery method in the context of preterm delivery, 
they agonize over the efficacy and safety of labor induction. 
Our study indicated that multiparity, younger maternal age, 
advanced gestational age, rupture of membranes, and the 
change in Bishop score were independently associated with 
the success of preterm labor induction using PGE2. In terms 
of safety, incidences of tachysystole, nonreassuring fetal sta-
tus resulting in emergent cesarean delivery, and postpartum 
bleeding were low overall. Those results might be particularly 
relevant to consultations with women when premature deliv-
ery is deemed necessary. 
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