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Abstract
Objective  To clarify whether the duration from cervical ripening induction to labor onset is prolonged when epidural anal-
gesia is administered following application of dinoprostone vaginal inserts vs. cervical ripening balloon.
Methods  This retrospective study included mothers with singleton deliveries at a single center between 2020–2021. Nullipa-
rous women who underwent labor induction and requested epidural analgesia during labor after 37 weeks of gestation were 
included. The duration from cervical ripening induction to labor onset was compared between women using a dinoprostone 
vaginal insert and those using a cervical ripening balloon and between women who received epidural analgesia before and 
after labor onset.
Results  In the dinoprostone vaginal insert group, the duration was significantly shorter in the subgroup that received epi-
dural analgesia after labor onset (estimated median, 545 [95% confidence interval: 229–861 min]) than the subgroup that 
received it before labor onset (estimated median, 1,570 [95% confidence interval: 1,226–1,914] min, p = 0.004). However, 
in the cervical ripening balloon group, the difference between subgroups was not significant. The length of labor among the 
groups was also not significantly different.
Conclusion  Epidural analgesia as labor relaxant adversely affected the progression of uterine cervical ripening when dino-
prostone vaginal inserts were used, whereas it did not affect cervical ripening when a mechanical cervical dilatation balloon 
was used. The present results are significant for choosing the appropriate ripening method.
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Introduction

The use of epidural analgesia with labor relaxants would 
more likely require oxytocin augmentation and a longer 
labor duration [1–5]. Autonomic imbalance has been pro-
posed as the reason for the association between epidural 
analgesia and prolonged labor [6, 7]. While administer-
ing epidural analgesia during labor results in relaxation in 

women undergoing delivery, its side effects are often chal-
lenging to manage during delivery.

Cervical ripening is a common procedure that is 
attempted before labor induction to ensure efficient labor 
progression [8, 9]. It can be performed using a mechani-
cal dilator, balloon, or dinoprostone vaginal inserts (prosta-
glandin E2 [PGE2]). Although PGE2 vaginal inserts directly 
promote cervical ripening while also indirectly promoting 
uterine contractions, we hypothesized that induction of uter-
ine contractions with PGE2 may also be effective for the 
progression of labor. In fact, in our previous report, PGE2 
vaginal inserts often induced spontaneous labor [10]. There-
fore, we suppose that the suppression of uterine contractions 
by epidural analgesia administration when using PGE2 vagi-
nal inserts may counteract cervical ripening.

The aim of the present study was to clarify whether using 
PGE2 vaginal inserts for cervical ripening prolongs the 
duration from cervical ripening to labor onset when epidural 
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analgesia is administered compared to that when cervical 
ripening is induced using a mechanical method.

Materials and Methods

This retrospective study included participants who under-
went singleton deliveries at the St. Marianna University 
Hospital between 2020–2021. Nulliparous women who 
underwent induced labor and requested epidural analge-
sia after 37 weeks of gestation were included in this study. 
Cases of fetal death, pregnant women who received on-
demand anesthesia during labor, or premature rupture of 
the membranes were excluded.

Characteristics of pregnant women and infants as well 
as information about the delivery course and time were 
retrieved from medical records. As the primary outcome, 
the duration from cervical ripening induction to the onset of 
labor was compared between pregnant women who received 
epidural analgesia for relaxant labor after labor onset and 
those who used it before labor onset.

In the present study, onset of labor was defined as the 
presence of regular painful contractions for less than 10 min 
or more than 6 times per hour that results in delivery, accord-
ing to the Glossary of Obstetrics and Gynecology Terms 
published by the Japan Society of Obstetrics and Gynecol-
ogy [11]. This definition does not include findings of the 
uterine os, such as dilatation, effacement, and location of the 
fetal presenting part on internal examination.

Cervical ripening procedure

Cervical ripening was attempted at our hospital when the 
Bishop score was ≤ 6 points. A cervical ripening balloon 
(Mini Metro®, Muranaka Medical Instruments Co. LTD, 
Japan) was used in 2020 when pharmacological cervical 
ripening methods were not available in Japan. PGE2 vagi-
nal inserts (PROPESS® 10 mg, Ferring Pharmaceuticals, 
Switzerland) were used after 2021.

a. Cervical ripening balloon
The following protocol was followed for cervical ripening 

using Mini Metro®: Cardiotocography was performed prior 
to insertion. A cervical ripening balloon was inserted and 
inflated with 40 mL water at 5 pm on the day before labor 
was to be induced. Intermittent cardiotocographic monitor-
ing was performed after balloon insertion.

b. PGE2 vaginal inserts
PROPESS (10 mg) was used as a cervical ripening agent 

according to the manufacturer’s instructions. Continuous 
cardiotocographic monitoring was performed before apply-
ing the PGE2 vaginal insert. PGE2 was applied at 8 am on 
the day when labor was to be induced. Pelvic examination 
was performed at 3, 6, 9, and 12 h after application. If any of 

the following events occurred, the PGE2 vaginal insert was 
promptly removed: rupture of the membranes, tachysystole 
or tetanic contraction, signs of non-reassuring fetal status, or 
systemic signs such as nausea, vomiting, and hypotension. 
Twelve hours after application, the PGE2 vaginal insert was 
removed regardless of the presence or absence of cervical 
ripening.

Methods of epidural analgesia

Epidural analgesia was administered upon patients’ request 
upon experiencing unbearable pain, regardless of the pro-
gression of cervical dilatation and contractions. The epidural 
space was identified by loss of resistance to air at the L3–L4 
(L2–L3; L4-L5) interspace, and an epidural catheter was 
advanced 3.0–5.0 cm into the epidural space. An analgesic 
mixture of 4 mL of 0.1% ropivacaine with 2 mcg fentanyl 
was administered as a bolus dose on-demand using a patient-
controlled epidural analgesia pump (lockout time, 15 min).

Ethics statement

This study was approved by the ethics board of the St. 
Marianna University School of Medicine, Kawasaki, Japan 
(No. 5575; 2022). This study was conducted in accordance 
with the principles of the Declaration of Helsinki. Written 
informed consent was obtained from all patients.

Statistical analysis

Statistical significance was defined as a p-value < 0.05. Data 
were analyzed using Statistical Package for Social Sciences 
for Windows version 25.0 (IBM, Armonk, NY, USA). Con-
tinuous variables were compared using the Mann–Whitney 
U test for nonparametric data. Categorical variables are 
reported as percentages and were compared using Fisher’s 
exact test. The cumulative probability of the duration from 
cervical ripening induction to onset of labor was estimated 
using the Kaplan–Meier method. Onset of labor was consid-
ered as the “event,” while emergency Cesarean section was 
considered as the “censor.” Survival curves were compared 
using log-rank tests.

Results

Overall, there were 1,280 cases of singleton deliveries at our 
hospital during the study period. Of these, epidural analgesia 
was administered during labor and after 37 weeks of gesta-
tion in 334 cases. After excluding 122 cases of multiparous 
women and a pregnant woman with fetal death and 162 par-
ticipants who received on-demand anesthesia during labor 
and had premature rupture of membranes, 49 participants 



217Journal of Anesthesia (2024) 38:215–221	

who underwent labor induction with epidural analgesia 
administration were analyzed (Fig. 1).

Participants were divided into two groups based on the 
use of analgesia before and after labor onset. The demo-
graphics of the participants are shown in Table 1. The num-
ber of participants who received analgesia before and after 
the onset of labor was 20 and 29, respectively. There were no 
differences in patient characteristics between the two groups.

The duration from cervical ripening induction using a 
cervical ripening balloon or a PGE2 vaginal insert to the 
onset of labor stratified by the administration of epidural 
analgesia before and after labor onset is presented in Fig. 2. 

The duration was significantly shorter in women who 
received epidural analgesia after the onset of labor (esti-
mated median, 765 [95% confidence interval: 484–1,046] 
min) than in women who received it before the onset of 
labor (estimated median, 1,585 [95% confidence interval: 
1,210–1,960] min), p = 0.002.

The duration from cervical ripening induction to the 
onset of labor stratified by epidural analgesia administra-
tion before and after labor onset in women who received 
a cervical ripening balloon or a PGE2 vaginal insert is 
presented in Fig. 3. In the PGE2 vaginal insert group, the 
duration was significantly shorter in the subgroup that 

Fig. 1   Study flow diagram

Table 1   Demographics of study 
participants

† Data indicate n (%) or median (range)
‡  ns: not significant

Used analgesia before onset 
of labor (n = 20)

after onset of labor (n = 29) p-value

Maternal age (years) 38 (28–42) 35 (26–41) ns
Maternal height (cm) 157 (146–169) 160 (148–173) ns
Weight at pregnancy (kg) 51 (43–82) 54 (41–83) ns
Gravida 0 (0–1) 0 (0–4) ns
Indication of induction of labor
Over due date 14 (70%) 22 (76%) ns
Pre-eclampsia 4 (20%) 3 (10%) ns
Others 2 (10%) 3 (10%) ns
Gestational week at delivery 40 (39–41) 40 (36–41) ns
Instrumental delivery 7 (35%) 9 (31%) ns
Cesarean section 6 (30%) 3 (10%) ns
Neonatal weight (g) 3,117

(2,684–3,800)
3,232
(2,138–3,852)

ns

Apgar score 1 min 8 (1–9) 8 (5–10) ns
Apgar score 5 min 9 (2–10) 9 (9–10) ns
Umbilical arterial pH 7.36 (7.07–7.43) 7.36 (7.01–7.44) ns
Amount of bleeding
at delivery (g)

585 (275–2,421) 669 (152–1,753) ns
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received epidural analgesia after the onset of labor (esti-
mated median, 545 [95% confidence interval: 229–861] 
min) than in the subgroup that received it before the onset 
of labor (estimated median, 1,570 [(95% confidence inter-
val: 1,226–1,914] min), p = 0.004. However, in the cervi-
cal ripening balloon group, the difference between sub-
groups was not significant.

The duration from cervical ripening induction to the 
onset of labor and labor length stratified by the cervical 
ripening method is presented in Table 2. The number of 
women who received analgesia before the onset of labor 
was 7 (37%) in the cervical ripening balloon group and 
13 (43%) in the PGE2 vaginal insert group. Two (11%) 
and three (10%) women who received a balloon and a 
PGE2 insert, respectively, underwent Cesarean section. 
Eight (42%) and 12 (40%) women who received a balloon 
and a PGE2 insert, respectively, experienced rupture of 
membranes. Meanwhile, the length of labor among these 
groups was not significantly different.

Discussion

Our results suggest that epidural analgesia as labor relax-
ant adversely affects the progression of uterine cervical 
ripening when PGE2 vaginal inserts are used, whereas it 
does not adversely affect cervical ripening when a mechan-
ical cervical dilatation balloon is used.

Cervical ripening induces labor because of the positive 
feedback between uterine cervical dilatation and oxytocin 
secretion, which induces uterine contractions. Thus, the 
use of uterotonic drugs is recommended after cervical 
ripening to avoid uterine trauma and/or a non-reassuring 
fetal status [12].

A meta-analysis comparing the balloon and PGE2 cer-
vical ripening methods demonstrated no differences in 
terms of vaginal delivery within 24 h or the incidence of 
Cesarean delivery [13]. However, comparative studies on 
the use of cervical-ripening balloons and PGE2 vaginal 

Fig. 2   Duration from the induc-
tion of cervical ripening using 
a cervical ripening balloon and 
dinoprostone vaginal inserts to 
the onset of labor

Fig. 3   Duration from the induction of cervical ripening to the onset of labor using a cervical ripening balloon and dinoprostone vaginal inserts
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inserts have demonstrated not only a low oxytocin aug-
mentation rate but also a high rate of uterine contractions 
and umbilical arterial blood pH < 7.1 in cases receiv-
ing PGE2 [13–15]. In this study, we compared the time 
required for complete cervical ripening between the two 
methods as the primary outcome, revealing that epidural 
analgesia can prolong the time required for cervical ripen-
ing particularly when PGE2 vaginal inserts are used. This 
may be because epidural analgesia suppresses the cervical 
ripening effect of uterine contractions.

Natural PGE2 is locally produced by the amniotic mem-
brane during labor, and it ripens the cervix and induces 
uterine contractions [16]. Local effects of PGE2 around 
the uterine cervix include changes in cervical consist-
ency, dilation, and effacement [17]. Additionally, PGE2 
modulates inflammatory processes that occur with cervical 
ripening [17, 18]. PGE2 also induces uterine contractions, 
including stimulating endogenous prostaglandin F2α pro-
duction and sensitizing the myometrium to the effects of 
endogenous or exogenous oxytocin [17]. There are four 
subtypes of PGE2 receptors: EP1, EP2, EP3, and EP4 [19]. 
The number of receptors, particularly EP2, is increased 
in pregnancy and then decreases at term and before the 
onset of labor [20]. Meanwhile, EP1 and EP3 are mainly 

responsible for uterine contractions, and EP4 is responsi-
ble for cervical ripening [19]. Although PGE2 receptors 
are less abundant and have a weaker effect on uterine con-
traction in uterine smooth muscles, they act on the upper 
uterine muscles for uterine contraction via EP1 and EP3 as 
well as on the lower uterine muscles for uterine relaxation 
and cervical ripening via EP2 and EP4 [19].

It is thought that cervical administration of PGE2 exerts 
a stronger cervical ripening effect. Furthermore, as PGE2 
also induces uterine contractions, uterine contractions in 
addition to direct cervical ripening are thought to promote 
more effective cervical ripening. A previous study that 
compared the use of oral dinoprostone and vaginal PGE2 
for labor induction in multiparous women at term dem-
onstrated that the rate of successful vaginal delivery was 
significantly higher in the vaginal group (72%) than in the 
oral dinoprostone group (35%), and that the proportion of 
cases requiring predelivery oxytocin in the vaginal group 
was significantly lower than that in the oral dinoprostone 
group (24% vs. 57%) [21]. PGE2 produces a biphasic 
effect on the myometrium, resulting in initial contraction 
followed by relaxation [19]. Thus, the results of previous 
studies and those of our study are plausible.

Table 2   Duration from administration of cervical ripening to onset of labor and labor length stratified by methods

† Data indicate the estimated median time (95% confidence interval) using the Kaplan–Meier method
* p < 0.05 compared to group of before onset of labor

Cervical ripening method

Balloon Dinoprostone vaginal inserts

N = 19 N = 30

Duration from administration of cervical ripening to onset of labor
Epidural analgesia

before onset of 
labor

(n = 7) 1,585 (151–3,019) (n = 13) 1,570 (1,226–1,914) min

after onset of labor (n = 12) 1,230 (1,009–1,450) (n = 17) 545 (229–861)* min
Duration the first stage of labor

Epidural analgesia
before onset of 

labor
(n = 7) 304 (121–487) (n = 13) 256 (195–317) min

after onset of labor (n = 12) 345 (213–477) (n = 17) 210 (176–244) min
Duration of the second stage of labor

Epidural analgesia
before onset of 

labor
(n = 7) 73 (3–143) (n = 13) 98 (0–244) min

after onset of labor (n = 12) 86 (39–133) (n = 17) 112 (58–166) min
Total duration of labor

Epidural analgesia
before onset of 

labor
(n = 7) 375 (263–487) (n = 13) 465 (194–736) min

after onset of labor (n = 12) 422 (265–579) (n = 17) 437 (293–581) min
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Our results also demonstrated that the lengths of the first 
and second stages of labor and the overall duration of labor 
did not differ, regardless of the cervical ripening method and 
timing of epidural analgesia administration. We believe that 
the effects of the timing of epidural analgesia administra-
tion on labor duration after the onset of labor are limited. 
A prolonged latent phase is associated with several clinical 
features, including deficient pre-labor cervical remodeling, 
excessive sedation, analgesia or anesthesia, maternal obesity, 
malposition, chorioamnionitis, and post-term labor, some of 
which can also cause active-phase abnormalities [22–24]. 
The latent phase can be prolonged by administering epidural 
analgesia early in labor. However, as neuraxial anesthetic 
agents and techniques have changed substantially, early 
administration of epidural analgesia using agents with neg-
ligible motor blockade might have very few adverse effects 
on the overall duration of labor [22, 25, 26]. According to 
a recent review, the mechanism by which epidural drugs 
alter the latent phase remains unknown. It may be associ-
ated with altered contractility; furthermore, it might be influ-
enced by the autonomic blockade provided by the neuraxial 
block [22]. Our results of a prolonged effect observed only 
in cases that received PGE2 may support the mechanism of 
progression by contractility in the latent phase.

The limitations of the present study include its retrospec-
tive nature, lack of randomization, and a small number of 
patients. Furthermore, various factors related to anesthesia, 
such as the amount of local anesthetic agent and the assess-
ment of the analgesic range, were not compared, although 
these factors can also affect labor progression. However, to 
our knowledge, this is the first clinical study to determine 
whether PGE2 vaginal inserts are suitable for pregnant 
women who are to be administered with epidural analgesia 
during labor. As even PGE2 vaginal inserts induce uter-
ine contractions, cervical balloons are occasionally a bet-
ter choice for pregnant women who require early analgesia 
administration for efficient cervical dilatation.

In conclusion, our results suggest that epidural analgesia 
as labor relaxant adversely affects the progression of uter-
ine cervical ripening when PGE2 vaginal inserts are used. 
However, epidural analgesia did not adversely affect cervical 
ripening when a mechanical cervical dilatation balloon was 
used. The present results are significant for choosing the 
appropriate ripening method.
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