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duration of labor, the total amount of postpartum hemor-
rhage within 24 h after giving birth, the incidences of post-
partum hemorrhage, cervical laceration, puerperal infection 
and neonatal outcomes.
Results  There was no statistical difference in the basal 
demographic and clinical characteristics, including ages, 
gestational weeks, delivery times and Bishop scores at 
admission between two groups. The rate of successful cer-
vical ripening promotion (research vs. control = 90.00% 
vs. 55.00%), the rate of successful induction (95.00% vs. 
40.00%), the vaginal delivery rate (93.33% vs. 63.33%), the 
induced labor time (15.03 ± 5.40 vs. 30.68 ± 10.82 h), and 
the total duration of labor (8.12 ± 2.65 vs. 15.01 ± 6.06 h) 
were significantly different between two groups (all 
P < 0.05). There was no significant difference in the total 
amount of postpartum hemorrhage, incidences of postpar-
tum hemorrhage, cervical laceration, puerperal infection as 
well as the neonatal outcomes, including neonatal weight, 
neonatal asphyxia and incidence of meconium aspiration 
syndrome between two groups.
Conclusions  Compared to labor induction of oxytocin, the 
method combining double-balloon catheter for cervical rip-
ening and intravenous drip of oxytocin for the induction of 
term labor has a higher vaginal delivery rate, shorter total 
duration of labor, and does not increase the incidences of 
postpartum hemorrhage and neonatal infection, which is a 
more effective and safer method for induction of term labor.
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Abstract 
Objective  This study aimed to investigate the effectiveness 
and safety of a method combining double-balloon catheter 
for cervical ripening and intravenous drip of oxytocin on the 
induction of term labor, providing the reference for clinical 
safety.
Methods  A total of 120 pregnant women with a gestation 
between 37+0 and  41+6 weeks, indications of labor induc-
tion, singleton pregnancy with cephalic presentation were 
enrolled. The patients were divided into the research group 
receiving cervical dilation balloon combined with intrave-
nous drip of oxytocin and the control group receiving an 
intravenous drip of oxytocin at a concentration of 0.5% for 
labor induction (n = 60 for each). The effectiveness and 
safety of labor induction were evaluated by the rates of suc-
cessful cervical ripening promotion and labor induction, as 
well as the vaginal delivery rate, induced labor time, total 
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Introduction

The labor induction in late pregnancy refers to use of 
drugs or other interventions to start labor before natural 
labor to achieve vaginal delivery. The labor induction in 
late pregnancy is commonly used for preventing post-term 
pregnancy, relieving or alleviating maternal complications, 
protecting the fetus from the adverse intrauterine envi-
ronment, which is a common method used to treat high-
risk pregnancy in obstetrics [1]. In a delayed pregnancy 
(pregnancy ≥ 41 but < 42 weeks), the risk of maternal 
and infants will elevate with the increase of gestational 
ages, which is usually required timely elective delivery 
[2, 3]. In addition, patients with oligohydramnios, gesta-
tional hypertension or gestational diabetes mellitus would 
also have a high risk for labor induction to terminate the 
pregnancy [4–9].

The optimal age at giving birth is 24–29 years when the 
women are mature with high egg quality and fewer preg-
nancy complications. In the women aged more than 35 years, 
the fertility significantly declines and the time from attempt-
ing to get pregnant to successful pregnancy would prolong. 
Even getting pregnant, women in advanced maternal age will 
have an increased risk of pregnancy complications, such as 
gestational diabetes mellitus and gestational hypertension 
[10]. However, at present, delayed childbearing has become 
a global problem [11–14], leading to increasing the high-risk 
pregnancy and the need for labor induction to terminate the 
pregnancy. Currently, the rate of induction of term labor is 
up to 30% [15].

Regarding the patients with delayed pregnancy, oligo-
hydramnios, gestational hypertension or gestational diabe-
tes mellitus, the cervix has usually not ripened when labor 
induction. It has been shown that the Bishop score ≤6 indi-
cates that the cervical condition is poor and the rate of suc-
cessful labor induction is low. While the Bishop score is >8, 
the vaginal delivery rate is close to the spontaneous delivery 
rate [16].

The methods for promotion of cervical ripening and labor 
induction include pharmacological labor induction (such as 
oxytocin, prostaglandin E1, E2) and mechanical labor induc-
tion (such balloon, hygroscopic cervical dilator) [17–20].

The conventional oxytocin labor induction is a safe, low 
cost and easily operated method which is still commonly 
used in primary hospitals such as township hospitals. How-
ever, its effect on the improvement of the cervical condition 
is relatively weak, and the rate of successful labor induction 
is low.

Although prostaglandin for promoting cervical ripening 
and labor induction has good improvement in the cervical 
condition, it may have risks for induction of frequent uter-
ine contractions, rigid uterine contractions, third-degree per-
ineal laceration, fetal distress, and neonatal asphyxia [21].

The double-balloon catheter is a new mechanical 
method for promotion of cervical ripening. The two bal-
loons placed on the internal and external cervical orifice 
cause pressure and stimulate the cervix to release prosta-
glandin, promoting cervical ripening. In China, the dou-
ble-balloon catheter for cervical ripening is rarely used, 
and clinical study is still required to comprehensively 
investigate its safety and effectiveness. This study aimed 
to evaluate the safety and effectiveness of cervical dilation 
balloon combined with intravenous drip of oxytocin for 
promoting cervical ripening and induction of term labor 
by comparison with the conventional oxytocin induction.

Materials and methods

Participants

A total of 120 term-pregnant women hospitalized between 
January 2014 and June 2015 with indications of labor 
induction were enrolled. All the patients received exami-
nations of blood routine, urine routine, biochemistry, 
liver and kidney functions, coagulation functions, vagi-
nal discharge, color Doppler ultrasound, electrocardio-
gram, fetal heart rate monitoring (nonstress test, NST), 
Bishop score, vaginal examination and estimation of fetal 
weight. The inclusion criteria were: (1) 18–40 years old; 
(2) 37+0–41+6 gestational weeks; (3) Bishop score ≤6 
before labor induction; (4) single alive fetus with cephalic 
presentation; (5) in cephalopelvic proportion; (6) without 
premature rupture of membrane; (7) NST reaction type 
before labor induction. The indications of labor induction 
included delayed pregnancy, oligohydramnios (amniotic 
fluid index = 3.0–8.0 cm), gestational diabetes mellitus, 
intrahepatic cholestasis of pregnancy, good control of ges-
tational hypertension, with vaginal trial production condi-
tion and required pregnancy termination.

Exclusion criteria were patients with serve maternal 
complications and could not tolerate or undergo vaginal 
delivery, including (1) placenta previa, vasa previa and 
antepartum hemorrhage; (2) invasive cervical carcinoma; 
(3) untreated human immunodeficiency virus infection; (4) 
allergic to induction drugs [22].

The 120 patients were randomly divided into the 
research group receiving double-balloon catheter for cer-
vical ripening combined with intravenous drip of oxy-
tocin for labor induction and the control group receiving 
an intravenous drip of oxytocin at a concentration of 0.5% 
(n = 60 for each). Informed consent was obtained from all 
the patients. This study was approved by the institutional 
review board of the Longgang District Center Hospital of 
Shenzhen.
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Materials

Double-balloon catheter (Type CVB-18F) was obtained 
from Shenzhen Yixinda Medical New Technology Co. Ltd., 
China. Oxytocin injection (10 IU/piece, lot no. 141217-1) 
was obtained from Anhui Fengyuan Pharmaceutical Co., 
Ltd, China.

Clinical interventions

The control group received an intravenous drip of oxytocin 
at a concentration of 0.5%. At 9 a.m. on the first day, 2.5 IU 
of oxytocin was diluted in 500 ml of 0.9% sodium chloride 
injection. The initial drip rate was 8 drops/min, and if there 
were no regular contractions, the drip rate was increased 
by 4 drops every 15 min, with a maximal drip rate of 40 
drops/min. If there were still no regular contractions after 
completion of the 2.5 IU of oxytocin, the concentration of 
oxytocin was adjusted to 1%. If there were still no regular 
contractions after 12 h of intravenous drip, artificial rupture 
of membranes will be taken and the intravenous drip was 
stopped to let the patient have a rest. At 9 a.m. on the second 
day, the patient was evaluated by Bishop score and received 
intravenous drip of oxytocin again as the previous day. If 
the pregnant women could not enter the stage of active labor 
within 48 h, the labor induction was regarded as failing and 
other methods for pregnancy termination were used.

In the research group, cervical dilation balloon was 
placed at 9 pm on the first day. (1) The patients were in the 
lithotomy position, and the vulva, vagina and cervix were 
disinfected. The cervix was clipped with a cervical clamp, 
and the balloon catheter was inserted into the cervical tube 
and pushed toward uterine cavity to make both balloons 
pass through the internal cervical orifice; (2) 40 ml of 0.9% 
sodium chloride was injected into the uterine balloon, mak-
ing the cervical balloon close to the internal cervical orifice 
and vaginal balloon placed outside the cervical orifice; (3) 
20 ml of 0.9% sodium chloride was injected into vaginal bal-
loon; (4) the fluid amount in the cervical balloon and vaginal 
balloon was alternatively increased by 20 ml each time until 
both totally reached to 80 ml. The proximal end of the cath-
eter was fixed on the lower abdomen of pregnant women.

The pregnant women had a normal rest on the night. For 
the patients without spontaneous labor or rupture of mem-
brane, after 12 h, the balloons were removed at 9 a.m. on the 
second day, and were evaluated by Bishop score again and 
underwent artificial rupture of membranes. The condition 
of amniotic fluid and fetal heart rate was monitored for 1 h. 
If the patients were not in labor, 0.5% oxytocin was given to 
induce uterine contractions the same as the control group. 
If the patients did not enter the stage of active labor within 
48 h, the labor induction was regarded as failing, and other 
methods for pregnancy termination were used.

Evaluation of effectiveness

For evaluation of the effect of promoting cervical ripening, 
the Bishop scores were compared between before and 12 h 
after the labor induction. The increased scores of ≥ 3, 2 and 
< 2 were regarded as significantly effective, effective and 
ineffective, respectively.

Effect of labor induction: patients entered the stage of 
active labor within 24 h, and 25–48 h were regarded as sig-
nificantly effective, and effective, respectively. The patients 
who did not enter the stage of active labor after 48 h were 
regarded as ineffective. The patients who entered the stage 
of active labor within 24 h or 25–48 h, but were switched 
to cesarean section due to labor stagnation or fetal distress, 
were still regarded as significantly effective or effective, 
respectively. The rate of successful labor induction = num-
ber of cases that entered the stage of active labor within 
48 h/60.

Delivery ways: the cases of vaginal spontaneous labor, 
forceps delivery and cesarean section were recorded. Vaginal 
delivery rate = the number of vaginal spontaneous labor 
cases plus the number of forceps delivery cases/60.

The induced labor time was defined as the time from 
application of labor induction to the occurrence of regular 
uterine contractions. Total duration of labor was defined as 
the time from the occurrence of regular uterine contractions 
to the delivery of placenta. The total amount of postpartum 
hemorrhage within 24 h after giving birth was recorded.

Evaluation of safety

The incidences of postpartum hemorrhage, cervical lacera-
tion, uterine rupture, puerperal infection, neonatal asphyxia, 
neonatal infection and meconium aspiration syndrome were 
recorded.

The definition of neonatal asphyxia is according to neo-
natal Apgar score in 5 min. The Apgar score consisted 
of 5 items including heart rate, respiration, muscle tone, 
laryngeal reflex, and skin color, each of which was 0–2 
points, with a total score of 10. Apgar score in 5 min, 8–10 
scores normal, 4–7 scores mild asphyxia, 0–3 scores severe 
asphyxia.

Statistical analysis

All the statistical analyses were performed using the SPSS 
19.0 statistical software. Shapiro–Wilk test was used for nor-
mality analysis, and a P > 0.05 indicated that the data were 
in normal distribution. The T test was used for analyzing the 
data with a normal distribution, while Mann–Whitney U was 
applied for analyzing the data with non-normal distribution. 
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The χ2 test was used for the comparison of proportions 
between groups. A value of P < 0.05 was considered statis-
tically significant.

Results

General information

The general information included ages, gestational ages, 
delivery times and Bishop score at admission. Among them, 
ages and gestational ages were of normal distribution, while 
delivery times and the Bishop scores were of non-normal 
distribution (Table 1). 

Effect of promoting cervical ripening

After the application of cervical dilation balloon for 12 h 
in the research group and an intravenous drip of oxytocin 
for 12  h in the control group, the Bishop scores were 
6.14 ± 1.88 and 4.83 ± 1.83 (both with normal distribution), 
respectively. The rate of successful promoting cervical rip-
ening in the research group and the control group was 90.00 
and 55.00%, respectively. The difference was statistically 
significant (Table 2).

Effect of labor induction

The rate of successful labor induction in the research group 
and the control group was 95.00 and 40.00%, respectively. 
The difference was statistically significant (P  <  0.05) 
(Table 3).

Vaginal delivery rate

There were 56 cases with vaginal delivery (4 cases with for-
ceps delivery) in the research group. Among them, 39 cases 
delivered within 24 h, 15 cases delivered within 25–48 h, 
and 2 cases were switched to other labor induction methods 
due to the failure of induction and underwent spontaneous 
delivery after 48 h. The vaginal delivery rate was 93.33%. 
There were 4 cases with cesarean section, and the indica-
tions of cesarean section were persistent occiput posterior, 
relative cephalopelvic disproportion and fetal distress.

There were 38 cases with vaginal delivery in the control 
group (2 cases with forceps delivery). Among them, 6 cases 
delivered within 24 h, 14 cases delivered within 25–48 h, 
and 18 cases were switched to other labor induction methods 
due to the failure of induction and underwent spontaneous 
delivery after 48 h. The vaginal delivery rate was 63.33%. 
There were 22 cases with cesarean section, and the indica-
tions of cesarean section were fetal distress and abnormal 

Table 1   Comparison of general 
information

IQR inter-quartile range

Group Cases Ages (years) Gestational ages 
(weeks)

Delivery times Bishop scores 
at admission

Mean ± SD Mean ± SD Median IQR Median IQR

Research group 60 28.43 ± 4.96 40+2 ± 2.04 0 1 3.00 2
Control group 60 27.44 ± 4.73 40+1 ± 1.86 0 1 3.00 1

Table 2   Effect of promoting 
cervical ripening

* P < 0.05 versus the control group

Group Cases Significant effec-
tive

Effective Ineffective Success rate

n % n % n % n %

Research group 60 47 78.30* 7 11.70* 6 10.00* 54 90.00*
Control group 60 12 20.00 21 35.00 27 45.00 33 55.00

Table 3   Effect of induction

*P < 0.05 versus the control group. Difference considered to be statistically significant at P < 0.05

Group Cases Significant effec-
tive

Effective Ineffective Success rate

n % n % n % n %

Research group 60 40 66.67* 17 28.33 3 5.00* 57 95.00*
Control group 60 7 11.67 17 28.33 36 60.00 24 40.00
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labor. The vaginal delivery rate in the research group was 
higher than that in the control group (P < 0.05, Table 4).

Induced labor time and total duration of labor

In the research group, the induced labor time and total dura-
tion of labor were 15.03 ± 5.40 and 8.12 ± 2.65 h, respec-
tively, which were shorter than those in the control group 
(30.68 ± 10.82 and 15.01 ± 6.06 h, respectively, P < 0.05).

Maternal and neonatal outcomes

The amount of postpartum hemorrhage within 24 h after 
giving birth in the research group and the control group was 
292.33 ± 71.61 ml and 295.93 ± 78.38 ml, respectively. 
There were no statistical differences in the incidences of 
postpartum hemorrhage, cervical laceration and puerperal 
infection between groups (all P > 0.05). The neonatal weight 
in the research group and the control group was 3.10 ± 0.31 
and 3.21 ± 0.25 kg, respectively. The incidences of neonatal 
asphyxia, neonatal infection and meconium staining of the 
amniotic fluid were not statistically different between groups 
(Table 5).

One case of MAS in the study group, 1 case of MAS in 
the control group, the incidences of MAS were both 1.67% 
in these two groups.

Discussion

Cervical ripening mainly refers to the softening, shortening, 
disappearance and dilatation of the cervix. Any factors that 
affect the activities of collagenase and elastase, as well as 
the changes of matrix composition, can affect cervical ripen-
ing [10]. The histochemical changes during the process of 
cervical ripening include enhancing collagenase and elastase 
activities, fragmentation, dissolution and content decrease 
of collagen, a decrease of chondroitin sulfate, softening of 
the cervix, an increase of cervical water content, as well as 
decrease, loosening and separation of collagenous fiber. In 
late pregnancy, the factors such as strong mechanical stimu-
lation and endocrine change can lead to cervical softening 
and ripening, oxytocin releasing and promotion of regular 
uterine contractions, resulting in labor [23–26]. Most of the 
pregnant women with delayed pregnancy requiring early 
pregnancy termination do not have the mature cervical con-
dition. Pharmacological or mechanical stimulation can be 
used for promotion of cervical ripening to make the cervix 
softened, thinned and expanded, shortening the time from 
labor induction to delivery [27].

The common methods for promotion of cervical ripen-
ing and labor induction include pharmacological (such as 
oxytocin, prostaglandin E1, E2) and mechanical stimulation 
(such as balloon, hygroscopic cervical dilator).

The oxytocin acts on the receptors on the uterine smooth 
muscle cells, making the smooth muscle contracted and 
cervix expanded. Oxytocin also can stimulate the synthesis 
of prostaglandins via decidual oxytocin receptor, leading 
to cervical softening, which has an effect on promotion of 

Table 4   Delivery ways

*P < 0.05 versus the control group. Difference considered to be statistically significant at P < 0.05

Group Cases Vaginal spontane-
ous delivery

Forceps deliv-
ery

Vaginal delivery Cesarean 
section

n % n % n % n %

Research group 60 52 86.67* 4 6.67 56 93.33* 4 6.67*
Control group 60 35 58.33 3 5.00 38 63.33 22 36.67

Table 5   Maternal and neonatal 
outcomes

Group Maternal complications Neonatal complications

Cases Cervical 
laceration

Postpartum 
hemorrhage

Puerperal 
infection

Asphyxia Infection Meco-
nium 
staining 
of the 
amniotic 
fluid

n % n % n % n % n % n %

Research group 60 5 8.33 2 3.33 2 3.33 1 1.67 0 0 4 6.67
Control group 60 3 5.00 3 5.00 1 1.67 2 3.63 0 0 5 8.33
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cervical ripening as well as induction and enhancement of 
contractions. The oxytocin is low cost and does not have a 
direct effect on the fetus. It does not pass through the pla-
centa, but has the risks to induce excessively strong contrac-
tions and fetal distress [28]. There are few oxytocin receptors 
in the cervix; therefore, the oxytocin has little direct effect on 
the cervix. In addition, patients with an intravenous drip of 
oxytocin require being especially monitored the vital signs 
of pregnant women, contractions and fetal heart rate. The 
activity of pregnant women is limited and the induced labor 
time is relatively long, and the pregnant women and their 
family members easily get anxiety. This study showed that 
after the intravenous drip of oxytocin for 12 h, the Bishop 
score and the rates of successful cervical ripening promotion 
and induction in the control group were lower than those in 
the research group.

The double-balloon catheter for cervical ripening is a new 
device for the promotion of cervical ripening, and its main 
principles of promoting cervical ripening are as follows: the 
catheter and the balloons at the internal and external cervi-
cal orifices cause moderate and persistent tension to expand 
the cervix. The distal balloon close to the internal cervical 
orifice has a stripping effect on the fetal membrane, and pro-
motes the synthesis and releasing of prostaglandins at the 
local cervix, which in turn promote the cervical softening 
and ripening as well as contractions [29–31]. In this study, 
cervical dilation balloon combined with subsequent low-
dose oxytocin had an effect on the induction and enhance-
ment of contractions, which significantly shortened the time 
of labor, improved the rate of successful labor induction and 
vaginal delivery rate, and decreased the cesarean section 
rate.

It has been reported that the rate of the double-balloon 
catheter for successful cervical ripening and labor induction 
ranges 75–92% [1]. In this study, the research group had a 
rate of successful promoting cervical ripening of 90.00%, 
which was further elevated up to 95% after combining with 
an intravenous drip of oxytocin (both higher than that of 
the control group), indicating that this method is effective 
for the promotion of cervical ripening and labor induction. 
However, there were only 8 patients receiving pure double-
balloon catheter for cervical ripening, and they underwent 
spontaneous delivery before removing cervical balloon or 
within 1 h after removing cervical balloon, suggesting that 
the balloon catheter did not have a strong effect on the induc-
tion of contractions so that combining with intravenous drip 
of oxytocin was necessary for most patients.

This study showed that both balloon combined with 
intravenous drip of oxytocin and pure intravenous drip of 
oxytocin could be used for labor induction and promotion 
of vaginal delivery. Double-balloon catheter for cervi-
cal ripening combined with intravenous drip of oxytocin 
for labor induction was superior to pure oxytocin in the 

rate of successful cervical ripening promotion, the rate 
of successful induction, vaginal delivery rate, shortening 
the induced labor time and total duration of labor. It did 
not increase the incidences of postpartum hemorrhage, 
cervical laceration, uterine rupture, puerperal infection, 
neonatal asphyxia and infection, and meconium aspiration 
syndrome.

The incidences of MAS in these two groups were both 
1.67%. The possible reasons why there were MSAF and 
MAS in this research may be: induction of labor for late 
pregnancy was usually because of pathological pregnancy, 
such as prolonged pregnancy, oligohydramnios, intrahe-
patic cholestasis of pregnancy syndrome, pregnancy-
induced hypertension or gestational diabetes mellitus. 
These pathological pregnancies were usually accompa-
nied with adverse placental function or fetal intrauterine 
anoxia. In addition, the regular uterine contractions which 
occurred after the launch of labor can also aggravate fetal 
intrauterine anoxia.

The cervical dilatation double balloon was used to make 
cervical ripening, and the catheter and the double balloon 
provide a gentle and lasting tension to dilate the cervix; 
the distal balloon close to the endocervix has a peeling 
effect on fetal membranes; promoting prostaglandin syn-
thesis and release in the local cervix, thereby promoting 
cervical softening and inducing uterine contraction. Using 
the cervical dilatation double balloon itself does not pro-
duce contractions directly, and it is relatively safe.

The cervical dilatation double balloon itself does not pro-
duce uterine contractions directly, so after using it to attain 
cervical maturity, the subsequent use of oxytocin to induce 
contractions should be needed. This process improves the 
rate of successful labor induction, shortens the time from 
labor to birth, and reduces the occurrence of uterus contrac-
tions which are too strong or too frequently, fetal distress 
and amniotic fluid embolism complications at the same time.
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