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Abstract
Introduction: Evidence comparing double- balloon vs single- balloon catheter for in-
duction of labor is divided. We aim to compare the efficacy and safety of double- vs 
single- balloon catheters using individual participant data.
Material and methods: A search of Ovid MEDLINE, Embase, Ovid Emcare, CINAHL 
Plus, Scopus, and clini caltr ials.gov was conducted for randomized controlled trials 
published from March 2019 until April 13, 2021. Earlier trials were identified from 
the Cochrane Review on Mechanical Methods for Induction of Labour. Randomized 
controlled trials that compared double- balloon with single- balloon catheters for in-
duction of labor in singleton gestations were eligible. Participant- level data were 
sought from trial investigators and an individual participant data meta- analysis was 
performed. The primary outcomes were rates of vaginal birth achieved, a composite 
measure of adverse maternal outcomes and a composite measure of adverse perinatal 
outcomes. We used a two- stage random- effects model. Data were analyzed from the 
intention- to- treat perspective.
Results: Of the eight eligible randomized controlled trials, three shared individual- 
level data with a total of 689 participants, 344 women in the double- balloon catheter 
group and 345 women in the single- balloon catheter group. The difference in the 
rate of vaginal birth between double- balloon catheter and single- balloon catheter was 
not statistically significant (relative risk [RR] 0.93, 95% confidence interval [CI] 0.86– 
1.00, p = 0.050; I2 0%; moderate- certainty evidence). Both perinatal outcomes (RR 
0.81, 95% CI 0.54– 1.21, p = 0.691; I2 0%; moderate- certainty evidence) and maternal 
composite outcomes (RR 0.65, 95% CI 0.15– 2.87, p = 0.571; I2 55.46%; low- certainty 
evidence) were not significantly different between the two groups.
Conclusions: Single- balloon catheter is at least comparable to double- balloon cath-
eter in terms of vaginal birth rate and maternal and perinatal safety outcomes.
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1  |  INTRODUC TION

Labor induction rates have been increasing globally. In Australia 
alone, there has been a 20% surge in labor induction rates among 
selected first- time mothers from 26% in 2010 to 46% in 2020.1 In the 
presence of an unfavorable cervix for birth, the chances of success-
ful labor induction can be augmented by cervical ripening,2 where 
either mechanical or pharmacological methods are employed.

Mechanical methods mainly include double-  and single- balloon 
catheters. Balloon catheters place pressure on and stretch the cer-
vix, causing a release of local prostaglandins that hasten the cervical 
ripening process.2 A single- balloon catheter is a Foley catheter in-
serted into the internal os and the balloon is inflated with 30– 80 mL 
of saline or sterile water3 whereas a double- balloon catheter fea-
tures two balloons, one inserted just above the cervix and one just 
below the cervix in the vagina, both balloons are inflated with saline 
or sterile water.4

A multitude of randomized controlled trials (RCTs) have com-
pared double- balloon with single- balloon catheters for induction 
of labor regarding efficacy at achieving vaginal birth and maternal 
and perinatal safety outcomes, but their findings are divided.5– 12 In 
relation to efficacy, two studies recommend double- balloon cathe-
ters,5,6 two studies recommend single- balloon catheters,7,11 and four 
studies recommend that the two methods are comparable.8– 10,12 In 
relation to safety outcomes no clear patterns were detected.5– 12 
Across aggregated- data meta- analyses (AD- MA) in relation to both 
efficacy and safety, no significant differences in safety between 
double-  and single- balloon catheters have been detected.13– 16 AD- 
MA cannot verify the validity of data or properly assess individual 
safety outcomes for this comparison because events are rare and 
reporting is inconsistent between trials.

These issues could potentially be solved by performing an indi-
vidual participant data meta- analysis (IPD- MA). IPD- MA can rean-
alyze data using the same statistical measure,17 assess unreported 
outcomes,18 check data integrity,18 allow for in- depth subgroup 
analysis,17 and generate composite outcomes for safety measures.

We performed this IPD- MA to compare double- balloon cathe-
ters with single- balloon catheters for labor induction in relation to 
efficacy and safety to assist in providing greater clinical clarity.

2  |  MATERIAL AND METHODS

2.1  |  Registration and ethical approval

This IPD- MA was prospectively registered in PROSPERO (registra-
tion number CRD42021226744) and was reported in accordance 
with the Preferred Reporting Items for Systematic Review and 

Meta- Analyses of Individual Participant Data (PRISMA- IPD) guide-
lines. Ethical approval was gained from Monash University Human 
Research Ethics Committee (Project ID 27401).

2.2  |  Search strategy

Eligible trials for inclusion were identified from their inclusion in the 
Cochrane Review on Mechanical Methods for Induction of Labour16 
for studies published before March 2019. A further search of the 
databases Ovid MEDLINE, Embase via Ovid, Ovid Emcare, CINAHL 
Plus, Scopus, and clini caltr ials.gov was conducted to identify trials 
published since the Cochrane Review search and was completed on 
April 13, 2021.

The search strategy keywords included “single balloon”, “foley”, 
“double balloon”, “atad” and “cook” were combined with MeSH terms 
and Boolean operators to identify RCTs comparing double- balloon 
catheter and single- balloon catheter for labor induction (Supporting 
Information Appendix S1).

2.3  |  Study selection

Studies were included if they were an RCT comparing double- balloon 
catheter and single- balloon catheter for labor induction in viable 
singleton pregnancies. No restrictions were placed on language and 
non- English studies were translated online. Two investigators (MP 
and DC) autonomously reviewed titles and abstracts, and full texts 
for inclusion following the inclusion and exclusion criteria using the 
online platform Covidence.19 Any conflicts were resolved by a third 
reviewer (BM).

2.4  |  Data extraction

Corresponding or primary authors were invited to share raw data via 
email correspondence. If there was no response, co- authors were in-
vited to participate via email. If also unresponsive, the institutions asso-
ciated with the authors including hospitals and universities, co- authors 

K E Y W O R D S
Cook balloon, Foley catheter, individual participant data, induction of labor, safety, systematic 
review, vaginal birth

Key message

Single- balloon catheter is at least comparable to double- 
balloon catheter in terms of vaginal birth rate. Maternal 
and perinatal safety outcomes are comparable between 
the two types of balloon catheters.
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1442  |    PEEL et al.

on more recent publications with the author of interest, colleagues 
from our network in the same country as the author of interest, and 
finally the journal where the eligible RCT was published were all con-
tacted. A maximum of 12 rounds of emails were sent and correspond-
ing or primary authors were contacted in every round of email.

A data- sharing agreement between our institution and the cor-
responding institution was completed before data sharing. Data 
were transferred via email in password- protected worksheets and 
all data shared were deidentified. All data were checked for dis-
crepancies and all discrepancies were clarified with the author of 
the data set. Data checking also included assessing for missing or 
excluded data, checking for errors, checking for the presence of 
randomization, checking internal consistency, and replicating the 
baseline outcomes and results from the published trial with the 
trial's raw data.

2.5  |  Outcomes

Primary outcomes include vaginal birth rate, a composite meas-
ure of adverse maternal outcomes and a composite measure of 
adverse perinatal outcomes. Maternal composite outcomes com-
prised maternal admission to the intensive care unit, maternal in-
fection (defined as a temperature ≥38°C at any time during labor 
or delivery, antibiotic use or clinically diagnosed infection, such as 
endometritis), postpartum hemorrhage >1000 mL, maternal death, 
and uterine rupture. Perinatal composite outcomes include still-
birth (defined as death of a fetus after 20 weeks of gestation or 
weighing at least 400 g if gestational age unknown), neonatal death 
(defined as death of a neonate less than 28 days after birth), neona-
tal seizures, neonatal intensive care unit admission for longer than 
48 hours, severe neonatal respiratory compromise (which included 
mechanical ventilation, infantile respiratory distress syndrome, 
and pneumothorax), and meconium aspiration syndrome.

Secondary outcomes were selected to further assess the efficacy 
and safety profiles of the two methods for both the mother and the 
neonate. They included unassisted vaginal birth rate, assisted vaginal 
birth rate, emergency and scheduled cesarean section rate, indication 
for cesarean section and instrumental vaginal birth, time from com-
mencement of cervical ripening to birth, use of oxytocin augmenta-
tion, maternal use of analgesia during labor (epidural or spinal), uterine 
hyperstimulation (defined as either tachysystole or hypertonus with 
a non- reassuring fetal heart- rate pattern on cardiotocography), failed 
induction (use of another induction method because the original allo-
cated method was not successful), neonatal Apgar score <7 at 5 min, 
meconium- stained liquor, and increase in modified Bishop score (dif-
ference in modified Bishop score before and after cervical ripening).

2.6  |  Assessment of risk of bias

Two investigators (MP and DC) independently conducted risk- of- bias 
assessments on participating RCTs using the Cochrane Risk of Bias 

2 Tool and certainty of evidence assessments using the GRADE ap-
proach.20 All disagreements were resolved through discussion with a 
third reviewer (WL) to reach a consensus. The domains assessed for 
the risk- of- bias assessments were randomization process, deviations 
from intended interventions, missing outcome data, measurement 
of outcome, and selection of the reported result, and they were  
assessed for assignment to intervention. Certainty of evidence was 
assessed for all primary outcomes.

2.7  |  Data synthesis

A two- stage random- effects model was used to perform evidence 
synthesis. All analysis was conducted on an intention- to- treat basis. 
Stage one analysis involved calculating the primary and secondary 
binary outcomes using relative risks (RR) with 95% confidence inter-
vals (CI) for each trial. To calculate the secondary outcome, change in 
modified Bishop score, means and standard errors were calculated 
for each trial. Time- to- event analysis for induction to vaginal birth 
time was calculated using a subdistribution hazard competing risks 
model. Subdistribution hazard ratios and 95% CI were estimated. 
Stage two analysis involved combining the summary estimates 
from stage one analysis using a random- effects model with the Der 
Simonian Lair method. Statistical heterogeneity was quantified using 
I2.

Treatment– covariate interaction analysis was performed for 
the primary outcome vaginal birth rate. Initial subgroups of in-
terest for interaction analysis included gestational age, parity, 
premature rupture of membranes, and indication for induction. 
However, there were insufficient data on premature rupture of 
membranes and indication for induction. We then added body 
mass index, maternal age, and initial modified Bishop score as 
explorative covariates. Interaction analysis was performed using 
generalized linear methods with Poisson regression (robust error 
estimate) between treatment and covariates for each study. RRs 
for the interaction terms were then pooled with a random- effects 
model, in the same way as the primary analysis. A post hoc sub-
group analysis was performed for indication of labor induction and 
Bishop score (≤3 and ≥4).

To assess for data unavailability bias, AD- MA was performed for 
the primary outcome vaginal birth rate for all eligible trials. All anal-
ysis was conducted with the Stata version 16.1 (Stata Corp., College 
Station, TX, USA). All results are presented as double- balloon cathe-
ter compared with single- balloon catheter (i.e. reference group).

3  |  RESULTS

3.1  |  Study selection

Five trials were identified for participation from the Cochrane Review 
on Mechanical Methods for Induction of Labour16 with a further 
three eligible RCTs, from 178 potentially eligible trials identified since 
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    |  1443PEEL et al.

F I G U R E  1  Flowchart summarizing inclusion in individual participant data meta- analysis of randomized controlled trials comparing double- 
balloon catheter with single- balloon catheter for induction of labor.
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1444  |    PEEL et al.

the Cochrane Review16 was published (Figure 1). Five eligible studies 
did not contribute to this IPD- MA, of which two declared data were 
unavailable (278 women; albeit published in 2016 and 2019, respec-
tively),5,6 one did not respond to all contacts (106 women),12 one was 
seeking publication at the time of contact and gave no response after 
publication (222 women),8 and one did not respond to follow up de-
spite an initial positive response (78 women).7 The three participating 
studies reported on a total of 689 women,9– 11 of which 344 women 
had been randomized to a double- balloon catheter and 345 women 
had been randomized to a single- balloon catheter.

3.2  |  Study characteristics

A summary of methodological criteria and inclusion/exclusion criteria of 
eligible studies is available in Supporting Information Appendix S2. The 
three participating studies were conducted in Norway,10 Australia,11 
and Israel.9 The five studies that did not share data were conducted 

in the USA,5 Israel,6 Egypt,7 Turkey,8 and China.12 Studies that did not 
share data (published between 2016 and 2021) were more recent than 
studies that shared data (published between 2009 and 2011). Non- 
shared studies had less clarity on their eligibility criteria.

A summary of the characteristics of participating studies is pro-
vided in Table 1. Across participating studies, most participants 
were nulliparous women with one study recruiting solely nullipa-
rous women.11 Data on body mass index were not available in one 
study.11 Median gestational ages and pre- induction Bishop scores 
were comparable across participating studies. Mean maternal age 
was 30.01,10 26.63,11 and 28.989 years across contributing trials.

3.3  |  Risk of bias of included studies

All trials had a low risk of bias for the domain's randomization pro-
cess, missing outcome data and measurement of outcome. One trial9 
scored some concerns for the domain deviations from the intended 

Characteristics Haugland (2012) Pennell (2009) Salim (2011)

Number of participants, n 179 217 293

Maternal age (years), 
mean ± SD

30.01 ± 5.24 26.63 ± 6.05 28.98 ± 5.83

Gestational age (weeks), 
median (IQR)

40.00 (39.00– 42.00) 40.00 (38.00– 41.00) 39.00 (38.00– 40.00)

BMI, kg/m2, mean ± SD 29.03 ± 5.93 Data not collected 24.95 ± 5.13

Parity, n (%)

Nulliparous 117 (65.4%) 217 (100%) 155 (52.9%)

Multiparous 62 (34.6%) 0 138 (47.1%)

Initial modified Bishop 
score, median (IQR)

3.00 (2.00– 4.00) 3.00 (2.00– 4.00) 3.00 (2.00– 4.00)

Maternal ethnicity, n (%) n = 147a

African American 0 Data not collected Data not collected

Asian 0 Data not collected Data not collected

Caucasian 141 (78.8%) Data not collected Data not collected

Hispanic 0 Data not collected Data not collected

Other 6 (4.1%) Data not collected Data not collected

Indication for labor 
induction, n (%)

Hypertensive disorders of 
pregnancy

38 (22.2%) 58 (26.7%) Data not collected

Post- term pregnancy 23 (13.5%) 85 (39.2%) Data not collected

Gestational diabetes 
mellitus

8 (4.7%) 8 (3.7%) Data not collected

Oligohydramnios 22 (12.9%) 1 (0.5%) Data not collected

Suspected intrauterine 
growth restriction

9 (5.3%) 14 (6.5%) Data not collected

Other 32 (18.7%) 32 (14.8%) Data not collected

Two or more indications 39 (22.8%) 19 (8.8%) Data not collected

Abbreviations: BMI, body mass index; IQR, interquartile range; SD, standard deviation.
aThis baseline characteristic was not recorded for all participants.

TA B L E  1  Participants' characteristics 
of included randomized controlled trials 
comparing double- balloon catheter and 
single- balloon catheter for induction of 
labor.
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    |  1445PEEL et al.

intervention as it was not reported whether an intention- to- treat 
analysis was employed. Two studies9,11 for the domain selection of 
reported results did not include statistical analysis plans and were 
considered to have some concerns for this domain. (Figure 2).

3.4  |  Synthesis of results

All three studies contributed data to the primary outcomes vaginal 
birth and maternal composite outcomes, though only two studies 
contributed data to the perinatal composite outcome. The differ-
ence in the rate of vaginal birth between double- balloon catheter 
and single- balloon catheter was not statistically significant, although 
a trend favorable to single- balloon catheter was found (crude in-
cidence 73.3% vs 78.8%; RR 0.93, 95% CI 0.86– 1.00, p = 0.050; 
I2 0%; moderate- certainty evidence as downgraded because of 
imprecision) (Figure 3A). No significant difference between the 
double- balloon or single- balloon catheter in the maternal compos-
ite outcome (crude incidence 9.0% vs 9.9%; RR 0.65, 95% CI 0.15– 
2.87, p = 0.571; I2 55.46%; low- certainty evidence as downgraded 
because of imprecision and heterogeneity) or perinatal composite 
outcome (crude incidence 10.5% vs 13.0%; RR 0.81, 95% CI 0.54– 
1.21, p = 0.691; I2 0%; moderate- certainty evidence as downgraded 
because of imprecision) was noted (Figure 3B,C).

For secondary outcomes, there was a significantly reduced 
chance of unassisted vaginal birth associated with double- balloon 

catheter (RR 0.87, 95% CI 0.78– 0.96, p = 0.007; I2 0%). The risk of as-
sisted vaginal birth rate (RR 1.14, 95% CI 0.83– 1.58, p = 0.416; I2 0%) 
was similar for both double-  and single- balloon catheters (Table 2).

There was no significant difference in the increase in Bishop score 
from balloon insertion to removal (mean difference 0.23, 95% CI −0.16 
to 0.62; p = 0.240; I2 0%). Outcomes including uterine hyperstimula-
tion and rates of meconium- stained liquor were only reported in one 
RCT and no positive cases were recorded in either group.11 Similarly, 
maternal infections could not be analyzed because no study recorded 
data for this outcome.9– 11 There were too few cases of Apgar score 
<7 at 5 min to power the meta- analysis for this outcome. The raw in-
cidences were 0.58% and 1.17% in the double- balloon catheter group 
and single- balloon catheter group, respectively.

On pooling subdistribution hazard ratios, the difference in the 
chance of vaginal birth that considered the time from induction to 
birth was not significant (subdistribution hazard ratios 0.89, 95% CI 
0.73– 1.09, p = 0.152; I2 0%). A cumulative incidence function that 
compares the two groups alongside time is shown in Supporting 
Information Appendix S3.

There were no data for secondary outcomes including indi-
cations for instrumental vaginal birth, emergency and scheduled  
cesarean section, and failed induction.

Covariates including gestational age, parity, body mass index, 
maternal age, and initial modified Bishop score did not demonstrate 
statistically significant interactions with treatment for vaginal birth 
rate. Maternal ethnicity was not analyzed as only one study provided 
data for this subgroup10 (Table 3). In the post hoc subgroup analysis, 
no significant difference in vaginal birth rate was found in those who 
received labor induction because of hypertensive disorders of preg-
nancy (RR 0.95, 95% CI 0.80– 1.13, p = 0.565; I2 = 0%) or post- term 
pregnancy (RR 1.00, 95% CI 0.73– 1.37, p = 0.986; I2 = 0%). Other 
indications did not have sufficient data for the subgroup analysis. 
Similarly, vaginal birth rate was not significantly different between 
the two methods in those with Bishop score ≤3 (RR 0.90, 95% CI 
0.82– 1.00, p = 0.055; I2 = 0%) or Bishop score ≥4 (RR 0.95, 95% CI 
0.85– 1.06, p = 0.368; I2 = 0%).

We also conducted an AD- MA including all eligible studies for 
the primary outcome vaginal birth rate and we grouped the results 
by trials that did and did not share data (Supporting Information 
Appendix S4). Compared with the results of the IPD- MA, AD- MA of 
trials that did not share data showed that the double- balloon cath-
eter marginally increases rates of vaginal birth, but the result was 
not statistically significant (5 trials; 680 participants; RR 1.13, 95% 
CI 1.00– 1.29, p = 0.056; I2 45.1%). The rate of vaginal birth was com-
parable between the two interventions when all trials were pooled 
together (RR 1.04, 95% CI 0.94– 1.15, p = 0.453) with significant het-
erogeneity (I2 59.4%).

4  |  DISCUSSION

In this IPD- MA, we did not find a statistically significant difference 
in vaginal birth rate between the double- balloon catheter and the 

F I G U R E  2  Results of risk of bias assessment of randomized 
controlled trials comparing double- balloon catheter to single- 
balloon catheter for induction of labor. , denotes low risk; ; 
denotes some concerns.
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1446  |    PEEL et al.

F I G U R E  3  Forest plots showing results of individual participant data meta- analysis of randomized controlled trials comparing double- 
balloon catheter and single- balloon catheter for induction of labor: (A) vaginal birth, (B) maternal composite outcome, and (C) perinatal 
composite outcome.
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    |  1447PEEL et al.

single- balloon catheter. Maternal and perinatal safety outcomes 
were comparable between the two types of balloon catheters.

A strength of our study includes the relatively equal number of par-
ticipants that each participating trial contributed. This ensures that our 
study is not strongly influenced by one large study. A further strength 
is that in conducting an IPD- MA, rather than an AD- MA, we were able 
to assess for potential errors and bias within contributing studies to 
a higher standard, analyze unpublished but collected data from trials, 
perform treatment– covariate interaction analysis, combine outcomes 
measured across trials with different statistical measures, and calcu-
late composite outcomes which are not possible without IPD. Also, we 
followed a predefined and registered protocol for this IPD- MA.

Our study does have some limitations. One of which is data un-
availability, which in theory could introduce bias. Eight trials were 

eligible to participate, contact was made with seven of these trials 
and three shared data with us. However, these three trials con-
tributed over half of the overall number of eligible participants. 
This disparity between trials eligible to participate and trials that 
participated was not isolated to this IPD- MA alone.21,22 We previ-
ously demonstrated that trials that did not share data in IPD- MA 
have more methodological or trustworthiness issues than those that 
shared data.23 Second, not all trials collected data for all the out-
comes of interest that we aimed to assess, for example, one trial did 
not collect data for change in modified Bishop score.11

We found double- balloon catheter may be less effective than 
single balloon catheter with reduced rates of vaginal birth using IPD 
from three trials, but this difference was not statistically significant. 
Although there were differences in clinical characteristics between 

TA B L E  2  Summary of secondary outcomes results of individual participant data meta- analysis comparing double- balloon catheter with 
single- balloon catheter for induction of labor.

Outcomes
Double- balloon catheter 
(n/N, No. of trials)

Foley catheter  
(n/N, No. of trials) RR (UCL, LCL) p value I2 statistic (%)

Unassisted vaginal birth 
rate

190/344, 3 trials 218/345, 3 trials 0.87 (0.78– 0.96) 0.007 0

Assisted vaginal birth rate 62/344, 3 trials 54/345, 3 trials 1.14 (0.83– 1.58) 0.416 0

Cesarean section for 
failure to progress

50/344, 3 trials 32/345, 3 trials 1.83 (0.87– 3.87) 0.113 45.5

Cesarean section for fetal 
distress

27/344, 3 trials 25/345, 3 trials 1.09 (0.65– 1.82) 0.750 0

Oxytocin use during labor 44/196, 2 trials 36/200, 2 trials 1.20 (0.83– 1.74) 0.326 0

Maternal analgesia 163/237, 2 trials 152/235, 2 trials 1.03 (0.92– 1.15) 0.631 28.99

Uterine hyperstimulation 0/107, 1 trial 0/110, 1 trial Insufficient data.

Apgar <7 at 5 mina 2/344, 3 trials 4/34, 3 trials Insufficient data.

Meconium- stained liquor 0 trial 0 trial Insufficient data.

Double- balloon catheter Foley catheter MD (UCL- LCL) p value I2 statistic (%)

Increase in modified 
Bishop score

n = 221, 2 trialsa n = 215, 2 trialsa 0.23 (−0.16– 0.62) 0.240 0

Abbreviations: LCL, lower confidence level; MD, mean difference; RR, relative risk; UCL, upper confidence level.
aThere were missing data for this outcome.

Characteristics
Number of 
RCTs

Number of 
participants

Interaction  
RR (95% CI)b I2 (%)

Gestational agea

<37 weeks 3 689 1.00 (0.74– 1.36) 24.8

>40 weeks 3 1.06 (0.91– 1.24) 0

Parity 2 472 1.05 (0.90– 1.23) 0

Maternal age 3 689 1.00 (0.99– 1.01) 0

BMI 2 447 1.00 (0.98– 1.02) 0

Initial modified Bishop 
score

3 688 1.02 (0.97– 1.08) 0

Abbreviations: BMI, body mass index; CI, confidence interval; RCT, randomized controlled trial; 
RR, relative risk.
aEach level compared to 37– 40 weeks.
bStatistically significant interaction is indicated when a 95% CI does not contain one.

TA B L E  3  Summary of intervention– 
covariate interaction of individual 
participant data meta- analysis comparing 
double- balloon catheter with single- 
balloon catheter for induction of labor.
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the included trials such as the volume of saline used for inflating the 
Foley catheter and the maximum time allowed for balloon place-
ment, the heterogeneity for vaginal birth and most other outcomes 
appears to be small.

Four previous AD- MA on this topic found no significant differ-
ence between the two groups for vaginal birth rate.13– 16 Two trials 
that were included in AD- MAs were eligible but unable to participate 
in our study because of data unavailability even though they were 
relatively new.5,6 One trial that was included in previous AD- MAs 
was eligible but did not participate in this IPD- MA despite an initial 
positive response from the lead author and further follow- up emails 
without response.7 In this sense, we are uncertain about the validity 
of part of the data in previous AD- MAs, realizing a large proportion 
of the underlying data could not be verified. There was no statistical 
significance for the difference in vaginal birth rates, but the AD- MA 
of trials that did not share data showed an estimate opposite to that 
of studies contributing to the IPD- MA. Unfortunately, analyzing the 
raw data of trials that did not share data in this IPD- MA to explain 
this discrepancy is impossible.

A unique feature of the double- balloon catheter is that the dilator 
vector is applied by two balloons inflated on both sides of the cervix 
when it is held in place, avoiding the need for traction.24 Traction re-
fers to a stretching pressure on the lower uterine segment for cervix 
ripening and is an integral part of the mechanisms of single- balloon 
catheter.25 This traction may lead to a higher rate of unassisted vaginal 
birth associated with the single- balloon catheter found in this study.

Both maternal and perinatal composite outcomes were compa-
rable between double-  and single- balloon catheters. AD- MAs for 
Apgar scores <7 at 5 min found no significant difference between 
the two groups.14– 16 Considering both balloon catheters operate by 
the same stretching mechanism of the cervix to cause effacement 
and local release of prostaglandins, their extensively similar safety 
profiles are expected.

Single- balloon catheter is substantially cheaper than double- 
balloon catheter. Also, the cost of an unassisted vaginal birth is 
lower than the cost of a cesarean section.26 Single- balloon catheter 
is at least comparable to double- balloon catheter and offers asso-
ciated cost reductions to healthcare services. We recently demon-
strated in another IPD- MA that balloon catheters (single and double 
combined) and vaginal prostaglandins have comparable cesarean 
delivery rates and maternal safety profiles, but balloon catheters 
lead to fewer adverse perinatal events.27 Therefore, balloon cath-
eters should be used more widely in labor induction. Considering 
the findings of this study and the associated costs of interventions, 
single- balloon catheter is a better option in the induction of labor, 
especially in low- resource settings.

5  |  CONCLUSION

Single- balloon catheter is at least comparable to double- balloon 
catheter for both efficacy and safety. In consideration of its lower 

cost, single- balloon catheter should be the preferred mechanical 
method in labor induction.
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