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Abstract
Background The use of COOK balloon in the process of induction of labor is gradually promoted. This
study was conducted to investigate the safety and e�cacy of COOK double balloon dilation for pre-
induction cervical maturation and induction of labor.

Methods A total of 343 pregnant women with full-term pregnancy in Shanghai Putuo Maternity & Infant
Health Hospital from January 1st to September 30th of 2016 were enrolled. Of all the pregnant women,
166 had labor induction, which included the use of a COOK balloon, the implementation of arti�cial
rupture of membranes (AROM) and oxytocin intravenous (IV) drip (COOK group). The other 177 pregnant
women with spontaneous rupture of membranes (SROM) and mature cervix only administrated with
oxytocin IV drip to promote regular uterus contraction (oxytocin group). Maternal adverse reactions, mode
of delivery and delivery outcomes of two groups were subsequently compared between the two groups.

Results There were signi�cant differences of maternal age (28.29 ± 3.34 vs. 29.25 ± 3.62 years, P = 0.02),
gestational age (283.49 ± 4.53 vs. 274.71 ± 7.04 years, P < 0.001) and birth weight (3435.27 ± 340.29 vs.
3354.63 ± 387.96 g, P = 0.02) between the COOK group and the oxytocin group. There were no signi�cant
differences in terms of gravidity, parity, mode of delivery, analgesia, 1 min and 5 min Apgar score, labor
time, postpartum hemorrhage, and adverse events.

Conclusion Use of a COOK balloon may help full-term pregnancy women with immature cervix obtain the
same pregnancy results as those with mature cervix, without extra occurrence of adverse events.

Trial registration This is an observational study and no registration is required. 

Plain English Summary
When pregnancy complications occur, cesarean section (CS) is a method to save the lives of women and
fetus. However, the current global rate of CS is not reasonable. Promoting cervical ripening can reduce the
use of CS. This prospective study evaluated the role of COOK balloon in promoting cervical ripening and
the incidence of adverse events.

Among the 343 full-term pregnant women admitted to Shanghai Putuo Maternity & Infant Health
Hospital, 166 patients were treated with COOK balloon, arti�cial rupture of membranes (AROM) and
intravenous (IV) oxytocin drip (COOK group). The other 177 pregnant women with spontaneous
membrane rupture (SROM) and mature cervix only used oxytocin IV infusion to promote regular uterine
contractions (oxytocin group). Subsequently, the adverse maternal reactions, delivery methods and
relevant results were compared between the two groups.

There were signi�cant differences in maternal age, gestational age and birth weight between the COOK
group and the oxytocin group. There were no signi�cant differences in terms of gravidity, parity, mode of
delivery, analgesia, 1 min and 5 min Apgar score, labor time, postpartum hemorrhage, and adverse events.
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In conclusion, using COOK balloons can help full-term pregnant women with immature cervix to obtain
the same pregnancy results as pregnant women with mature cervix without additional adverse events.

Background
Cesarean section (CS) is a life-saving method for women and newborns when complications such as
prenatal haemorrhage, fetal distress, abnormal fetal performance, and hypertension occur. In the past 30
years, the global rate of CS has increased by 10–15%, which is much higher than the optimal rate (1).
This increase is due to non-medically indicated CS in many middle- and high-income countries (1).
Because of poor access to medically indicated CS, CS still accounts for less than 10% of births in the
total population in many low- and middle-income countries (1). As for China, the CS rate has changed
from 45.3% in 2012 to 41.1% in 2016 (2). With the implementation of China’s two-child policy, the above
result suggests that caesarean sections declined by 18% from 2012 to 2016 (2). However, there were vast
regional differences, the CS rate in Northeast Jilin Province was as high as 62%, while 4% in Tibet in 2014
(3). There is yet no consensus on the optimal frequency of CS at the population level (4). However, it is
believed that the current global frequency of CS is medically unreasonably high (5). In China, almost all
women deliver at hospitals nowadays and many choose CS, while a high proportion of those operations
are considered as having no medical indications (6–9). It is well accepted that CS can provide life-saving
interventions for infants in certain conditions such as cord prolapse, separation of the placenta before
birth, or the presence of active herpes lesions especially with primary infections (10). As for mothers, CS
can protect their health and lives from adverse events including haemorrhage, severe toxemia, severe
coexisting medical diseases, or the absolute contraction of the pelvis with a large infant (10). However,
there is no evidence that CS is bene�cial for infants and women without proper medical indications (1).
Just as any surgery, there are short-term and long-term risks, and CS is no exception. CS is associated
with increased risk of abnormal placenta, stillbirth, uterine rupture, ectopic pregnancy and premature
delivery, and these risks increase in a dose-response manner (11). Accumulating evidences have shown
that infants born by CS have different exposures to hormonal, physical, bacterial and medical
interventions (11). These interventions can subtly alter the physiology of newborns (11). Short-term risks
of CS include changes in immune development; increased possibility of allergies, atopy and asthma; and
decreased intestinal microbiome diversity (11). The correlation between CS and the increased incidence
of late childhood obesity as well as asthma has been frequently reported (11). In addition, the overused
CS resources may be allocated to other medically necessary objectives (12). Therefore, the control of CS
is an important issue in China.

Induction of labor (IOL) is the stimulation of uterine contractions during pregnancy before labor initiation
to achieve a vaginal delivery. One of the most important factors for predicting the possibility of a
successful IOL is the softness and dilation of the cervix (cervical maturity) (13). Conventional labor
induction methods include oxytocin intravenous (IV) drip and arti�cial rupture of membranes (AROM). A
small dose of oxytocin IV drip is a safe and common method for IOL. Nevertheless, when the cervix is
immature, the effect of IOL may be unsatisfactory (13). Oxytocin acts through the combination with
oxytocin receptors. Since few receptors locate in the cervix, direct effects of oxytocin on the cervix
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including promoting cervical maturation are weak (14). AROM is an operation of arti�cially breaking the
fetal membrane, which will later stimulate the release of endogenous prostaglandins (PGE) and oxytocin,
and induce contractions of uterus. This operation should be implemented in patients with ideal cervical
conditions (13).

Promoting cervical maturation can be interpreted as promoting cervical softening, thinning and
expansion; reducing IOL failure rate; and shortening the time from IOL to delivery. If patients with clear
IOL indications have an immature cervix, methods of promoting cervical maturation should be adopted.
For nulliparous women with an immature cervix, once IOL is implemented, the risk of CS will double (13).
At present, the most commonly used method for assessing cervical maturity is the Bishop score. Bishop
score ≥ 6 indicates mature cervix, with a higher score indicating higher success rate of IOL (13). Bishop
score < 6 indicates immature cervical that requires cervical maturation promotion (13). Commonly used
methods to promote cervical maturation include PGE (dinoprostone and misoprostol) administration and
mechanical methods such as Foley catheters and Cook cervical ripening balloons. Mechanical methods
can only be used when the membrane is complete (13). Many studies have compared IOL effects among
PGE and different types of balloons. Researchers have reported that IOL duration of PGE is shorter than
mechanical methods, but tachysystole and other side effects occur more frequently under PGE
administration (15). In contrast, the risk of hyper-stimulation of mechanical methods is lower than that of
PGE, while the risks of CS and infection are similar (16, 17). Other advantages of mechanical methods
include stable at room temperature and relatively easy to insert (17). For the above reasons, mechanical
methods have been gradually recommended by the American Congress of Obstetricians and
Gynaecologists (18), World Health Organization (19) and Canada (20) IOL guidelines.

However, to the best of our knowledge, so far, no studies have compared spontaneous rupture of
membrane (SROM) pregnant women with a mature cervix to pregnant women in need of cervical
maturation promotion. The current study compared the CS rate and occurrence rates of related adverse
events between pregnant women with an immature cervix used COOK balloons to promote cervical
maturation and SROM pregnant women with a mature cervix. This study aimed to provide more evidence
for the use of COOK balloons, so that pregnant women with an immature cervix can obtain similar results
to pregnant women with a mature cervix.

Methods

Study design
This prospective study evaluated the effect of COOK balloons, and investigated whether pregnant women
with an immature cervix can obtain same results as SROM pregnant women with a mature cervix.

Subjects
Three hundred and forty-three pregnant women with full-term pregnancy in Shanghai Putuo Maternity &
Infant Health Hospital from January 1st to September 30th of 2016 were enrolled in the study. All women
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had an investigation of detailed personal, medical and obstetric histories; general, abdominal and vaginal
examinations; an abdominal ultrasonography and a cardiotocography (CTG) examination. Inclusion
criteria were: full-term pregnancy, singleton pregnancy, cephalic fetal presentation and wish to have a
vaginal delivery. Exclusion criteria were: histories of uterine body surgery, previous CS deliveries,
macrosomia (expected neonatal weight > 4 kg), non-reassuring fetal conditions, placenta previa and
malpresentations. Then those women were allocated to two groups according to cervix and membrane
conditions. Pregnant women with an intact membrane and an immature cervix (Bishop score ≤ 4) were
allocated to the COOK group, while SROM pregnant women with a mature cervix (Bishop score ≥ 6) were
allocated to the oxytocin group. The COOK group received COOK balloon placement combined with
AROM and oxytocin IV drip, and the oxytocin group received only oxytocin IV drip. The study complied
with the Declaration of Helsinki, Ethical Principles for Medical Research Involving Human Subjects, and
was approved by the ethical committee in Shanghai Putuo Maternity & Infant Health Hospital. Informed
consent was obtained from each participant.

Methods
In the COOK group, a double-balloon catheter was inserted according to manufacturer’s instructions. The
catheter was then taped to the inner thigh in order to reduce discomfort. Preparations for catheter
insertion were as follows. After performing an abdominal ultrasound examination, the woman was
placed in the lithotomy position. A large vaginal speculum was inserted into the vagina to obtain access
to the cervix. The cervix was then washed with a cleaning solution before insertion of the catheter. Later,
the catheter was inserted into the cervix until both balloons entered the cervical canal. The uterine balloon
was in�ated with 40 mL normal saline (NS) by a standard 20 mL syringe, and the injection was through
the red Check-Flo valve marked ‘U’. After the in�ation of the uterine balloon, the device was pulled back
until the uterine balloon hit against the internal cervical os. The vaginal balloon became visible outside
the external cervical os. The vaginal balloon was in�ated with 20 mL NS by a standard 20 mL syringe,
and the injection was through the green Check-Flo valve marked ‘V’. Once the balloons were situated on
each side of the cervix and the device was �xed in place, the speculum was removed. More NS was
injected into each balloon in turn, at 20 mL increments, until each balloon containing 80 mL (maximum)
NS. If needed, the proximal end of the catheter could be taped to the woman’s thigh (21). Removal of the
balloon was executed at approximately 12 hours after insertion if spontaneous expulsion did not occur.
AROM and oxytocin IV drip were commenced if the labor did not start spontaneously after removal or
spontaneous expulsion of the catheter. Oxytocin IV drip was administrated according to the WHO
recommendations for induction of labor. Continuous electronic fetal monitoring was used throughout the
labor process. Abnormalities during labor were diagnosed and managed according to the
recommendations from the American College of Obstetricians and Gynaecologists guideline. The
following items were recorded: mode of delivery, use of analgesia, birth weight, Apgar score at 1 min and
5 min, labor time, amount of postpartum haemorrhage, and numbers of adverse events including
hyperstimulation, postpartum urinary retention, puerperal infection, cord prolapse, placental abruption
and obstetric laceration of cervix.
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In the oxytocin group, the pregnant women were administrated with oxytocin IV drip 2 hours after SROM.
The usage and dosage of oxytocin were based on the WHO recommendations for IOL. Continuous
electronic fetal monitoring was used throughout the labor process. The following items were recorded:
mode of delivery, use of analgesia, birth weight, Apgar score at 1 min and 5 min, labor time, amount of
postpartum haemorrhage, and numbers of adverse events including hyperstimulation, postpartum urinary
retention, puerperal infection, cord prolapse, placental abruption and obstetric laceration of cervix.

All data were quality checked and entered twice into a secure electronic database. Paper and electronic
data were stored at a designated research o�ce in the hospital, and can only be accessed by research
staff. Paper data were securely stored in a locked �lling cabinet, and electronic data were stored in a
password-protected computer. Follow-up information was linked to the basic clinicopathological
database through unique ID numbers of the participants. All identi�able data were removed before
analyses to protect subjects’ privacy.

Statistical analysis
Number and percentage were calculated for categorical variables. Chi-square test or Fisher’s exact test
were used to determine the differences of categorical variables. Mean and standard deviation (SD) or
median and range were calculated for continuous variables. Continuous variables were tested for
normality and equality of variances between groups. Student’s t test was used to compare continuous
variables that were normally distributed, and nonparametric methods were used to compare not normally
distributed variables. All above analyses were two-sided and performed using SPSS version 22 for
Windows. A P value of < 0.05 was considered statistically signi�cant.

Results

Population characteristics
A total of 343 participants were enrolled in this study. All were full-term (37 to 41 + 6 weeks) pregnant
women and met the inclusion criteria. Results of comparisons between the COOK group and the oxytocin
group are shown in Table 1. The maternal age of the COOK group was signi�cantly younger than that of
the oxytocin group (28.29 ± 3.34 vs. 29.25 ± 3.62 years, P = 0.02). There were also statistically signi�cant
differences of gestational age at induction (283.49 ± 4.53 vs. 274.71 ± 7.04 days, P < 0.001). Regarding
gravidity (G) and parity (P) histories, there were no statistically signi�cant differences between the two
groups (P > 0.05 for both).
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Table 1
Baseline characteristics of the COOK group versus the oxytocin group

  COOK group (n = 166) Oxytocin group (n = 177) P value

Age (years) 28.29 ± 3.34 29.25 ± 3.62 0.02

Gestational age at induction (days) 283.49 ± 4.53 274.71 ± 7.04 < 0.001

Gravidity (median) 1 (1–10) 1 (1–7) 0.95

Parity (n, %)     0.46

0 153 (92.2%) 158 (89.3%)  

1 13 (7.8%) 18 (10.2%)  

2 0 (0%) 1 (0.5%)  

Delivery outcomes of COOK group versus oxytocin group
Table 2 shows outcomes of both mothers and infants in the COOK group and the oxytocin group. Birth
weight of the COOK group was signi�cantly heavier than that of the oxytocin group (3435.27 ± 340.29 vs.
3354.63 ± 387.96 g, P = 0.02). As for mode of delivery, use of analgesia, 1 min and 5 min Apgar score,
there were no statistically signi�cant differences between the two groups (P > 0.05 for all). Then we
restricted the analysis to those without CS (30 received CS in the COOK group and 37 received CS in the
oxytocin group) and compared labor time. There were no signi�cant differences between the two groups
in terms of �rst labor time, second labor time and total labor time (P > 0.05 for all).
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Table 2
Delivery outcomes of the COOK group versus the oxytocin group

  COOK group (n = 
166)

Oxytocin group (n = 
177)

P
value

Mode of delivery (n, %)     0.76

Vaginal delivery 128 (77.1%) 133 (75.1%)  

Forceps delivery 8 (4.8%) 7 (4.0%)  

CS 30 (18.1%) 37 (20.9%)  

Analgesia (n, %)     0.27

Yes 118(71.1%) 116(65.5%)  

No 48(28.9%) 61(34.5%)  

Birth weight (g) 3435.27 ± 340.29 3354.63 ± 387.96 0.02

Apgar score      

1 min 9.87 ± 0.63 9.94 ± 0.44 0.22

5 min 9.98 ± 0.24 9.99 ± 0.08 0.52

Labor time (min) (CS patients
excluded)

COOK group (n = 
136)

Oxytocin group (n = 
140)

 

First labor time 239.49 ± 106.31 226.68 ± 85.02 0.42

Second labor time 46.61 ± 32.72 52.47 ± 35.65 0.14

Total labor time 291.58 ± 116.94 284.64 ± 102.45 0.90

Adverse events of COOK group versus oxytocin group
Table 3 displays adverse events of the COOK group versus the oxytocin group. Neither groups had serious
adverse events such as cord prolapse and placental abruption. There was no statistically signi�cant
difference in amount of postpartum haemorrhage (303.13 ± 72.34 vs. 303.87 ± 89.89 mL, P > 0.05). A
total of 7 adverse events occurred in the COOK group: 5 cases of postpartum urinary retention, and 2
cases of puerperal infection. A total of 9 adverse events occurred in the oxytocin group: 4 cases of
postpartum urinary retention, 3 cases of puerperal infection, 1 case of hyperstimulation, and 1 case of
obstetric laceration of cervix. There were no statistically signi�cant differences of the adverse event rate
between the two groups (P > 0.05).
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Table 3
Labor indexes and neonatal outcomes of the COOK group versus the oxytocin group

  COOK group (n = 166) Oxytocin group (n = 177) P value

Postpartum haemorrhage(mL) 303.13 ± 72.34 303.87 ± 89.89 0.65

Total adverse events (n, %) 7(4.2%) 9(5.2%) 0.14

Hyperstimulation (n, %) 0(0.0%) 1(0.6%) 0.94

Postpartum urinary retention (n, %) 5(3.0%) 4(2.3%) 0.19

Puerperal infection (n, %) 2(1.2%) 3(1.7%) 0.14

Obstetric laceration of cervix (n, %) 0(0.0%) 1(0.6%) 0.94

Discussion
In this study, we compared delivery results and adverse events between the COOK group and the oxytocin
group. We found that pregnant women receiving COOK balloons had almost same delivery results and
adverse events as SROM pregnant women with a mature cervix. As for baseline characteristics, average
age of the COOK group was signi�cantly younger than the oxytocin group. In addition, gestational age of
the COOK group was older than that of the oxytocin group. Previous studies have reported that women
with advanced maternal age were more likely to have a preterm delivery (22), suggesting a younger
gestational age. Therefore, older gestational age of the COOK group may be explained by younger
maternal age. In addition, a number of studies have shown that there is a direct positive correlation
between birth weight and gestational age (23–25). Hence, it is possible that heavier birth weight of the
COOK group may be partially explained by older gestational age.

The rate of mode of delivery was almost the same in the COOK group (18.1%) and the oxytocin group
(20.9%). Since both nulliparous women and multiparous women were included in our study, and
combined with inclusion and exclusion criteria, our participants belonged to the 2a and 4a groups
according to the Robson ten-group classi�cation system. After excluding multiparous women, CS rate
was 19.6% (30 of 153) in the COOK group and 22.8% (36 of 158) in the oxytocin group, respectively. Wu
et.al conducted a survey in six midwifery institutions of Shanghai, and reported that the CS rate of the 2a
group was 14.53% in 2015 and 2.13% in 2017, respectively (26). Our results showed higher CS rate
compared with their study, which may have several possible explanations. First, the two-child policy was
implemented nationwide from January 1st of 2016 and our study time-span is from January 1st to
September 30th of 2016. It is highly likely that most of the women in our study became pregnant before
the implementation of this policy. Studies from central China have reported that after the implementation
of the two-child policy, the CS rate in nulliparous patients have decreased (27). Therefore, two-child policy
may be one possible explanation for the low CS rate in 2017. Second, Shanghai Putuo Maternity & Infant
Health Hospital is a specialized grade 2A hospital, and locates in the urban area. In a study by Zhang
et.al, they found that the CS rate of the 2A hospital was higher than that of the 3A hospital (28), which
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may be related to the fact that secondary hospitals are less capable than tertiary hospitals in prenatal
testing, diagnosis and management of maternal and fetal complications, evaluation of surgical
indications, and supervision. These reasons lead to the implementation of more CS operations without
speci�ed medical indications (28).

Some studies have also compared effects of COOK balloons and oxytocin in promoting ripening of
cervixes in pregnant women with full-term singleton pregnancy, cephalic fetal presentation and wish to
have vaginal delivery. In the study by Fan et.al, the effects of COOK balloons and oxytocin in pregnant
women with immature cervix and complete membrane were compared, and no statistically signi�cant
differences of maternal age, gestational age, and Bishop score before the use of balloons and oxytocin
were observed between the two groups. They reported that the CS rate was signi�cantly different (18.75%
vs. 35%, P < 0.05) of the two groups (14). In the study by Han et.al, although there were statistical
differences of age and gestational age between the two groups, no statistically signi�cant differences of
neonatal weight, cervical Bishop score before labor induction, and labor induction indicators were
observed. They also reported that the CS rate was signi�cantly different (20.4% vs. 37.7%, P < 0.05) of the
two groups (29). The reason we did not �nd signi�cant differences of CS rates between the two groups
might be that patients in the oxytocin group had a mature cervix. One strength of our study is that we
evaluated whether the placement of COOK balloons can achieve same results as SROM pregnant women
with a mature cervix. In addition, we found similar CS rate (18.1%) in the COOK group to the studies of
Fan et.al (18.75%) and Han et.al (20.4%). Therefore, our study provides an argument for the role of COOK
balloons in promoting cervical maturation and reducing CS rate.

According to the "Guidelines for Promoting Cervical Maturity and Induction of Labor in Late Pregnancy",
the advantages of COOK balloons are low cost, stable at room temperature, and low risk of excessive
contractions compared with PGE preparations. Disadvantages of COOK balloons include the possibility
of potential infections, premature rupture of membranes, and cervical damage (13). Duro‐Gómez reported
the cost of misoprostol for IOL was lower than that of dinoprostone or COOK balloons, with similar
obstetric and perinatal outcomes (15). Fan et.al reported that the success rate of COOK balloons for
cervical ripening (100%) was signi�cantly higher than that of oxytocin (79.38%), and the vaginal delivery
rate was signi�cantly higher in the balloon group (81.25% vs. 65%, P < 0.05) as well. In addition, the
balloon did not increase maternal complications or adverse infant outcomes, such as umbilical cord
prolapses, intrauterine infection, uterine hyperstimulation, and placental abruption. The time span of the
�rst stage of labor in the COOK group was signi�cantly shorter than that in the oxytocin group (6.1 ± 1.3
vs. 10.5 ± 3.2 h, P < 0.05). Furthermore, there were no statistically signi�cant differences in the Apgar
score, weight and postpartum haemorrhage rates between the two groups (14). In Han’s study, after
removing the COOK cervical dilatation balloon, the Bishop score of the experiment group increased from
2.38 ± 0.7 points before placement to 6.15 ± 0.96 points after placement. The vaginal delivery rate of the
COOK group was signi�cantly higher than that of the oxytocin group (79.6% vs. 62.3%, P = 0.005). The
occurrence rate of chorioamnionitis in the COOK balloon group was signi�cantly higher than that in the
oxytocin group (18.4% vs. 5.4%, P = 0.002). There were no signi�cant differences in other adverse event
rates such as uterine hyperstimulation, rapid birth, neonatal asphyxia, postpartum haemorrhage, cervical
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laceration, or placental abruption (29). In the study by Lim et.al, there was no difference in the pain score
between the two groups at the beginning of the IOL. However, thereafter, patients in the COOK group had
lower pain scores than patients in the PGE group (4.5 ± 2.3 vs. 5.6 ± 2.4, P = 0.044). Women were equally
satis�ed with both methods and equally likely to recommend their own methods for IOL (17). In our study,
there were no signi�cant differences in adverse events between the two groups. Besides, we found there
were no differences in terms of �rst labor time, second labor time and total labor time between the two
groups. While heavier birth weight in the COOK group may be explained by older gestational age. Since
the ripening procedure of the cervix in the oxytocin group was a physiological procedure, it is reasonable
to conclude that use of Cook balloons may be as effective as the physiological procedure in inducing
cervical maturity without extra adverse events.

As for other mechanical methods, Sayed Ahmed reported that compared with Foley catheter, use of Cook
balloons would result in greater cervical maturity, which can be re�ected as a higher Bishop score after
balloon expulsion/removal. The duration from balloon insertion to expulsion and then delivery was
signi�cantly shorter when using Foley catheter. There were no differences in pain during insertion, pain
after insertion, CS rate, post-partum haemorrhage rate and patient satisfaction (30). In the study of Mei-
Dan et.al, compared with the COOK cervical mature balloon group, the Foley catheter group had a
signi�cantly shorter time from balloon insertion to expulsion (6.9 ± 4.2 vs. 10.1 ± 4.7 h, P = 0.001) and
from insertion to delivery (19.6 ± 11.4 vs. 23.4 ± 15.5 h, P = 0.03). There were no signi�cant differences of
other outcomes including use of analgesia, episiotomy, operative vaginal delivery, ripening success rate,
CS rate, birth weight, 1 min and 5 min Apgar score, pain perception during catheter insertion,
hospitalization length and maternal satisfaction (31). Xing et.al reported that single balloon was more
effective than double balloons in cervical ripening. The double balloon catheter increased the time from
insertion to removal of the catheter and reduced the spontaneous elimination rate of the catheter. All
neonatal outcomes in the two groups were comparable (32). Therefore, we may conclude that COOK
balloons are more effective than Foley catheters in promoting cervical ripening. The duration from
balloon insertion to expulsion and then delivery is signi�cantly shorter when using Foley catheters. Other
outcomes as well as CS rate are not different between the two types of catheters.

Mechanical methods mainly apply pressure on the internal os of the cervix, overstretch the lower uterine
segment and promote local synthesis and release of endogenous PGE in the cervix, which induces
cervical softening and ripening (13, 33). Compared with Foley catheters which have a single balloon,
double-balloon catheters can apply stable and mild pressure on both external and internal os (32, 34),
and continuously dilate cervical canals mechanically (29). COOK balloons can open the cervix by 2 to
3 cm without contractions (14).

There are several strengths of our study. First, to the best of our knowledge, this was the �rst study to
compare CS rate and number of adverse events in pregnant women under the placement of COOK
balloons with pregnant women in physiological conditions. In the oxytocin group, oxytocin was only used
for promoting regular contractions, since the cervixes of SROM pregnant women were mature. Therefore,
our results may suggest that COOK balloons are able to promote cervix ripening. At the same time, we
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also compared occurrences of adverse events in the two groups, and found that there were no signi�cant
differences in adverse events, which further con�rmed the safety of COOK balloons. However, previous
researches have reported that the CS rate correlated positively with maternal age [2], and we cannot rule
out the confounding of maternal age on CS rate in the current study. Additionally, Bishop scores before
and after the use of balloons were not recorded, therefore the effect of COOK balloons in the change of
Bishop scores cannot be directly evaluated.

Conclusion
To summarize, use of COOK balloons may help pregnant women with immature cervix obtain same
pregnancy results as SROM pregnant women with a mature cervix, without extra adverse events.
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