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Application effect of single balloon catheters in labor induction of
pregnant women in late-term pregnancy and their influences
on stress and inflammatory responses
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Abstract. This study was designed to evaluate the application
effect of single balloon catheters and dinoprostone on promoting
cervical ripening of pregnant women in late-term pregnancy
and their influences on stress and inflammatory responses. A
total of 160 pregnant women with indications of labor induction
were included and randomly divided into the control (n=80)
and observation (n=80) groups. Patients in the control group
received labor induction by administration of dinoprostone at
the vaginal vault, while those in the observation group received
labor induction by domestic single balloon catheters. Cervical
ripening (Bishop score), means of pregnancy, the total stage
of labor, maternal and child complications, and Apgar scores
of newborn infants at 1 min after delivery between the two
groups were compared. At the prenatal and postpartum 12, 24
and 48 h, the levels of cortisol (COR), norepinephrine (NE) and
B-endorphin (B-EP), were detected using radioimmunoassay,
and those of C-reactive protein (CRP), interleukin-6 (IL-6)
and tumor necrosis factor-a (TNF-a), were measured using
enzyme-linked immunosorbent assay (ELISA). Cervical
Bishop scores in the two groups after intervention were signifi-
cantly higher than those before intervention, and the score of
the observation group was significantly higher than that of
the control group. The difference was statistically significant
(P<0.05). In the observation group, the total stage of labor was
significantly shortened, the Apgar score of the newborn infant at
1 min after delivery was increased compared with those in the
control group, and the differences were statistically significant
(P<0.05). The delivery rate of cesarean section in the observa-
tion group was lower than that in the control group, the overall
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incidence rate of perinatal complications was decreased, and
the differences were statistically significant (P<0.05). The
levels of stress and inflammatory response markers at 12 h
after delivery in the two groups reached the peak, and then
declined (P<0.05). The levels of stress and inflammatory
response markers at each time-point after delivery in the obser-
vation group were significantly lower than those in the control
group, and the difference was statistically significant (P<0.05).
The results showed that the single balloon catheter promotes
cervical ripening, improves pregnancy outcomes and reduces
the stress and inflammatory responses of pregnant women in
late-term pregnancy, and is better than dinoprostone and has
better application and promotion values.

Introduction

Delayed pregnancy, pregnancy complications, oligohydramnion,
and placental dysfunction are common clinical indications of
labor induction (1). Cervical ripening is an important indicator
of timing labor induction.

Methods promoting cervical ripening include drugs such
as oxytocin and prostaglandin preparations and mechanical
methods such as water sac. Dinoprostone is a kind of prosta-
glandin E, preparation, which should be locally applied and can
be slowly and continuously released, and it has been clinically
proven safe and effective (2). The disadvantages include that it
easily causes excessive uterine stimulation and frequent uterine
contractions, thus increasing the probabilities of fetal distress
in the uterus and amniotic fluid contamination (3). The double
balloon catheter (Cook) is widely applied to promote cervical
ripening, but it is relatively more expensive (4). The main working
principle of the domestic single balloon catheter (disposable
balloon cervical dilator) is that balloon stresses in the catheter
and cervix stimulate the cervical canal such that the synthesis
of local cervix is accelerated and endogenous prostaglandins are
released, thus promoting cervical softening and ripening (5).

Labor induction in late-term pregnancy can significantly
increase the body's stress and inflammatory responses, and the
mechanical operation of a single balloon catheter or dinopros-
tone chemical reaction can further exacerbate the body's stress
and inflammatory responses, thus affecting the outcome of
perinatal maternal pregnancy to a certain degree.
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This study aimed to evaluate the application effect of a
single balloon catheter and dinoprostone on cervical ripening
in pregnant women in late-term pregnancy and their influences
on stress and inflammatory responses.

Patients and methods

Data from patients. A total of 160 pregnant women diagnosed
with late-term pregnancy in Affiliated Hospital of Jining
Medical University (Shandong, China) from January, 2016 to
May, 2017, were continuously selected. Inclusion criteria for
the study were: i) Patients with indications of labor induction
but without history of cervical surgery as well as internal
and surgical complications. ii) Patients with cervical Bishop
score <6 points and with responses in the test without stress.
iii) Patients who participated in this research, signed the
informed consent and had complete clinical data. Exclusion
criteria for the study included patients who suffered from
premature ruptures of membranes, vaginal infections, placenta
previa or other abnormal pregnancies. The study was approved
by the Ethics Committee of The Affiliated Hospital of Jining
Medical University.

According to the order of admission, the random number
method was used to divide the patients into the control group
(n=80) and the observation group (n=80). The baseline data of
patients in the two groups were comparable (Table I).

Research methods. The research was completed by the same
surgery, midwifery and nursing teams. Patients in the control
group received the labor induction by administration of dino-
prostone [dinoprostone suppositories, 10 mg, H20090484;
Controlled Therapeutics (Scotland) Ltd., Glasgow, Scotland]
at the vaginal vault. Specifically, the bladder lithotomy posi-
tion of pregnant women was disinfected, and dinoprostone
was inserted into the vaginal vault. The pregnant women
were horizontally laid at 90° and rested in a bed for 30 min.
The Bishop method was used to assess cervical ripening.
The emergence of labor, rupture of membranes, rigid and
intense uterine contraction, fetal distress in uterus, nausea and
vomiting of pregnant women and other reactions indicated
that there was a need to immediately remove the drug. If the
cervix was not ripened 24 h after dinoprostone was inserted,
intravenous dropping of oxytocin (1 ml: 5 units; National
Medicine Permission no. H31020862; Shanghai Pharma No. 1
Biochemical and Pharmaceutical Co., Ltd., Shanghai, China)
could be combined. Patients with regular uterine received a
contraction response test to determine changes in the fetal
heart rate. As long as there was a regular uterine contraction,
drugs were discontinued, regardless of the state of the cervix.

Patients in the observation group received labor induction
by domestic single balloon catheters (Jiangsu Aiyuan Medical
Technology Corp., Jiangsu, China). The lithotomy position
was disinfected, the cervix was exposed by bivalve speculum,
and the balloon catheter was inserted into the cervical canal to
the depth of approximately 10 cm using oval forceps without
teeth. Sterile saline (150 ml) was added using a syringe, and
the end of catheter was pasted with anti-allergy adhesive plas-
ters. Pregnant women were free to move; balloons came out on
their own after the natural labor, or were removed 12 h after
the insertion. Finally, the Bishop score was assessed.
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Observation indicators. Cervical ripening (Bishop score),
means of pregnancy, the total stage of labor, maternal and child
complications, and Apgar scores of newborn infants at 1 min
after delivery in the two groups were compared, in which the
Bishop score was graded according to the following parameters:
0 point for the opening size of the cervix equal to O cm, 1 point
for 1-2 cm, 2 points for 3-4 cm and 3 points for 5-6 cm; 0 point
for 0-30% degraded cervical canals, 1 point for 40-50%, 2 points
for 60-70% and 3 points for 80-100%; O point for the station of
presentation part being -3, 1 point for -2, 2 points for -1-0 and
3 points for +1-+2; O point for the cervical hardness being hard,
1 point for medium-hard and 2 points for soft; O point for the
orifice of the uterus being the rear, 1 point for central position and
2 points for forepart. The final score was the sum of each score.

The levels of cortisol (COR), norepinephrine (NE) and
p-endorphin (B-EP) were measured by radioimmunoassay
at prenatal and postpartum 12, 24 and 48 h. The levels of
C-reactive protein (CRP), interleukin-6 (IL-6) and tumor
necrosis factor-a (TNF-a) were measured by enzyme-linked
immunosorbent assay (ELISA). Radioimmunoassay reagents
were purchased from Jiangsu Beyotime Biotechnology Co.,
Ltd. (Jiangsu, China) and ELISA reagents were purchased from
Beijing Zhong Shan Golden Bridge Biological Technology
Co., Ltd. (Beijing, China). The detection was performed
3 times according to the procedures in the instructions, and
the average value was calculated.

Statistical methods. Statistical analysis was performed using
Statistical Product and Service Solutions (SPSS) 20.0 software
(SPSS Inc., Chicago, IL, USA). The measurement data were
expressed as mean =+ standard deviation. The independent
sample t-test was used for intergroup comparisons, and
repeated-measures analysis of variance or paired sample
t-test (used for comparisons at two different time-points,
such as Bishop score) was used for comparisons at different
time-points. Enumeration data are represented as case or (%),
and the ¥’ test was used for intragroup comparisons. P<0.05
indicated that the difference was statistically significant.

Results

Cervical Bishop score, the total stage of labor and Apgar
scores of newborn infants at 1 min after delivery. Cervical
Bishop scores in the two groups after intervention were signifi-
cantly higher than those before intervention, and the score of
the observation group was significantly higher than that of the
control group, and the difference was statistically significant
(P<0.05). The total stage of labor of the observation group was
significantly shortened, and the Apgar score of the newborn
infant at 1 min after delivery was increased. The differences
were statistically significant (P<0.05) (Table II).

Means of pregnancy and complications. The delivery rate of
cesarean section in the observation group was lower than that
in the control group, the overall incidence rate of perinatal
complications was decreased, and the differences were statisti-
cally significant (P<0.05) (Table III).

Comparison of stress responses. The levels of stress response
markers at 12 h after delivery in the two groups reached the
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Table I. Comparison of baseline data of patients in the two groups.

Group Control group (n=80) Observation group (n=80) t/y> P-value
Age (years old) 253+44 249442 0.195 0.867
Pregnancy time (week) 38.5+2.3 38.9+2.6 0.098 0.946
Reason for labor induction [case (%)] 1.133 0.769
Delayed pregnancy 9 (11.25) 6 (7.50)

Pregnancy complications 34 (42.50) 36 (45.00)

Oligohydramnion 30 (37.50) 33 (41.25)

Placental dysfunction 7 (8.75) 5(6.25)

Bishop score 34+0.5 33+04 0.065 0.957

Table II. Comparison of cervical Bishop score, the total stage
of labor and Apgar scores of newborn infants at 1 min after
delivery.

was significantly shortened, the Apgar score of the newborn
infant at 1 min after delivery, and the delivery rate of cesarean
section and the incidence rate of perinatal complications were
decreased in the observation group. The levels of stress and

Total stage of ~ Apgar  inflammatory responses at 12, 24 and 48 h after delivery in

Group Bishop score  labor (min) score the observation group were significantly lower than those in
the control group. Therefore, we believe that the single balloon

Control group 10.9+1.8 46080 9.3£04  catheter promotes cervical ripening, improves pregnancy
(n=80) outcomes and reduces stress and inflammatory responses in
Observation group 12.542.1 430+75 9.7#0.5  pregnant women in late-term pregnancy, and is better than
(n=80) dinoprostone and has better application and promotion values.
t-value 4.686 4.435 4.258 Previous findings (6-8) have confirmed that the single
P-value 0.025 0.032 0.036  balloon catheter produces mild mechanical expansion by taking

peak, and then decreased (P<0.05). The levels of stress response
markers at each time-point after delivery in the observation
group were significantly lower than those in the control group,
and the difference was statistically significant (P<0.05) (Fig. 1).

Comparison of inflammatory responses. The levels of inflam-
matory response markers at 24 h after delivery in the two
groups reached the peak, and then declined (P<0.05). The
levels of inflammatory response markers at each time-point
after delivery in the observation group were significantly
lower than those in the control group, and the difference was
statistically significant (P<0.05) (Fig. 2).

Discussion

The study results showed that cervical ripening of the observa-
tion group was significantly improved, the total stage of labor

advantage of water sacs, stimulates endogenous prostaglandin
secretion, promotes cervical dilatation, stimulates the release
of oxytocins from local plexus of the cervix, assists the expan-
sion of the cervix and promotes the synthesis of cervical tissue
collagen and ripening. The single balloon catheter significantly
improves the comfort level of pregnant women, and can also
directly participate in the active stage, thus shortening the total
stage of labor and reducing the pain of delivery. The balloon
catheter is not restricted after insertion; thus, there is no need
for special observation. If abnormalities appear, it can be easily
removed at any time. Drugs are not required in the total stage,
and the catheter is easily accepted. It also shortens the hospital
stay and reduces hospital costs. Single balloon catheter may
cause relatively weaker cervical contraction, which does not
affect the rest, and its stage of labor is basically consistent with
that of normal labor. It has been reported that single balloon
catheter can cause reproductive tract infection after insertion;
thus, strict aseptic operation is imperative (9). A recent study
has confirmed that the effect of cervical single balloon expan-
sion in promoting cervical ripening is relatively better, and

Table III. Comparisons of means of pregnancy and the incidence rate of complications [case (%)].

Cesarean  Postpartum Precipitate Abnormal fetal Amniotic fluid Neonatal Total
Group section  hemorrhage labor heart rate contamination asphyxia complication
Control group (n=80) 20 (25.00) 1(1.25) 7 (8.75) 2 (2.50) 2 (2.50) 1(1.25) 13 (16.25)
Observation group (n=80) 9 (11.25) 0 2 (2.50) 1(1.25) 1(1.25) 0 4 (5.00)
¥ 5.096 5.331
P-value 0.024 0.021
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Figure 1. Comparisons of the levels of stress response markers at different
time-points between the two groups. (A) The levels of stress response
markers at 12 h after delivery in the control and observation groups are
significantly higher than those before delivery (“P<0.05). (B) The levels of
stress response markers at 24 h after delivery in the control and observation
groups are significantly lower than those at 12 h after delivery (*/P<0.05).
(C) The levels of stress response markers at 48 h after delivery in the con-
trol and observation groups are significantly lower than those at 24 h after
delivery (*#P<0.05). The levels of stress response markers at 12,24 and 48 h
after delivery in the observation group are significantly lower than those in
the control group ("P<0.05).

it can effectively shorten the stage of labor and improve the
natural delivery rate with high safety (10). Cervical expansion
of a single balloon catheter has a higher natural labor rate and
lower delivery rate of cesarean section than that of the double
balloon catheter, rendering the former more suitable for clini-
cally promoting cervical ripening (11).

Both cesarean section and vaginal delivery are traumatic
stress response sources, which lead to abnormal excitement of
the maternal hypothalamus-pituitary-adrenal axis, secretion of
a large number of COR, NE and B-EP, regulate the body stress
response and participate in energy metabolism, body tempera-
ture regulation and other physiological processes (12,13). COR,
NE and B-EP are important indicators of body stress responses
with high sensitivity (12). The stress response not only improves
maternal delivery power, but also reduces postpartum immunity,
which is an important reason for puerperal infection and post-
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Figure 2. Comparisons of the levels of inflammatory response markers at
different time-points between the two groups. (A) The levels of inflammatory
response markers at 12 h after delivery in the control and observation groups
are significantly higher than those before delivery ("P<0.05). (B) The levels
of inflammatory response markers at 24 h after delivery in the control and
observation groups are significantly higher than those at 12 h after delivery
(*"P<0.05). (C) The levels of inflammatory response markers at 48 h after
delivery in the control and observation groups are significantly lower than
those at 24 h after delivery ("*P<0.05). The levels of inflammatory response
markers at 12,24 and 48 h after delivery in the observation group are signifi-
cantly lower than those in the control group ("P<0.05).

partum hemorrhage (13). At the same time, the maternal stress
response is maintained at peak level, which is also an important
risk factor for postpartum anxiety and depression (14). The peak
levels of these indicators appear at postpartum 12 h, which is
consistent with the time of the peak level of postpartum compli-
cations, suggesting that stress responses play important roles
in postpartum complications. Inflammatory responses exist in
the entire process of delivery. CRP is a very sensitive indicator
reflecting the level of inflammation in the body, which can be
rapidly increased in the early stage, and its increased degree and
duration are often closely associated with disease severity and
clinical prognosis (15). IL-6 is a key molecule for triggering and
promoting the cascade reaction of inflammation, a chemotactic
mediator of other inflammatory cells and a proinflammatory
factor of other inflammatory factors (16). TNF-a is an inflam-
matory factor for regulating nuclear transcription by the body.



Extracellular signals activate TNF-a activity, and then transfer it
into the nucleus, mediate multiple signal transduction pathways
and affect the downstream target gene transcription and target
protein translation process to play corresponding cytological
roles (17). The peak level of inflammatory responses appears at
postpartum 24 h, suggesting that inflammatory responses may
be closely related to stress responses, and stress responses may
be driving powers of the persistent existence of inflammatory
responses (18).

In conclusion, the effect of a single balloon catheter on
promoting cervical ripening in the labor induction of pregnant
women in late-term pregnancy is more exact with high safety.
The deficiency of the study is that the sample size is small.
Consequently, clinical randomized controlled trials with a
larger size of samples are required for verification.
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