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ABSTRACT

Background: The optimal methods and settings for induction of labour (IOL) in terms of effectiveness, safety, and women's
experience are still not elucidated.

Objective: To compare the effectiveness and safety of outpatient versus inpatient cervical ripening settings for IOL.

Search Strategy: MEDLINE, Embase, Emcare, CINAHL Plus, Scopus, Cochrane Library, WHO ICTRP and clinicaltrials.gov
from inception to July 2024.

Selection Criteria: Randomised controlled trials, viable singleton gestation, no language restrictions, all the published and
unpublished data.

Data Collection and Analysis: An individual participant data meta-analysis.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2025 The Author(s). BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd.
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Main Results: Eleven out of 18 (61.1%) eligible RCTs shared IPD, totalling 2593 pregnant individuals undergoing IOL (62.2% of all
participants in the published RCTs). Among the shared RCTs, four used balloon catheters alone in both groups. Three RCTs com-
pared outpatient balloon catheter with inpatient balloon catheter plus oxytocin. Another three RCTs compared outpatient balloon
catheter to inpatient vaginal dinoprostone. One RCT used Dilapan-S in both groups. No trials evaluating outpatient use of vaginal
prostaglandins were identified. Vaginal birth (11 RCTs, 2584 women, 67.8% vs. 70.2%, aOR 0.95, 95% CI 0.70; 1.30), composite perina-
tal outcome (9 RCTs, 2525 women, 11.1% vs. 11.7%, aOR 0.93, 95% CI 0.75; 1.16) and composite maternal (10 RCTs, 2480 women, 14.3%
vs. 15.4%, aOR 0.89, 95% CI 0.65; 1.20) outcome did not differ between outpatient and inpatient groups. The outpatient group had a

lower risk of acidosis, more epidural analgesia, and more oxytocin. There were no perinatal deaths in either group.

Conclusions: Overall effectiveness, perinatal and maternal safety are comparable between outpatient setting cervical ripening

with a mechanical method and inpatient with any method.
Trial Registration: PROSPERO: CRD42022313183

1 | Introduction

Induction of labour (IOL) is one of the most common inter-
ventions for childbirth worldwide. It is performed when med-
ical intervention is deemed necessary compared to expectant
management for the well-being of the mother and/or the baby.
Approximately 25%-30% of women undergo IOL, with signifi-
cant country-wide proportional variations [1].

Pharmacological prostaglandin-based methods are still popular in
most settings. However, there is a growing body of evidence sup-
porting the use of mechanical methods (balloon catheters, osmotic
cervical dilators) and the combination of mechanical and pharma-
cological methods [2-9]. Currently, in most global settings, cervical
ripening and IOL are typically performed after hospital admis-
sion. However, outpatient cervical ripening before IOL, utilising
mechanical and pharmacological methods, is gaining popularity
in some regions [10]. It is important to investigate the potential
impacts of these outpatient interventions on effectiveness, safety,
length of hospital stay, patient experience, and cost-effectiveness.

However, the limited data on its effectiveness, safety, and patient
perceptions, along with highly variable global adoption, remain
significant challenges [11, 12]. Studies have also shown women's
preferences for outpatient settings [13], potential cost-savings [14]
and positive insights from midwives [15]. A few aggregate data
meta-analyses, including a Cochrane review, have been published
on outpatient cervical ripening [11, 16, 17]. Their results on the bal-
loon catheter comparison in both outpatient and inpatient groups
have shown probable beneficial outcomes for the outpatient set-
ting. However, there is still uncertainty about the important out-
comes, as these aggregate data meta-analyses cannot reach an
agreement. This is where an IPD meta-analysis is needed.

We aimed to evaluate inpatient versus outpatient settings (in-
cluding different pharmacologic and mechanical methods) in
women having cervical ripening and IOL for the outcomes of
vaginal birth, composite adverse perinatal outcome, and com-
posite adverse maternal outcome.

2 | Methods

This international collaborative IPD meta-analysis followed a pro-
spectively registered protocol (PROSPERO on 27-04-2022) and a

statistical analysis plan produced in advance of data lock and anal-
ysis (Appendix S1). Findings are reported following the Preferred
Reporting Items for Systematic Review and Meta-Analyses of indi-
vidual participant data (PRISMA-IPD) Statement [18].

2.1 | Search Strategy

The initial search was conducted in April 2022, and the search
was updated in September 2022 and again in July 2024. Databases
included Ovid MEDLINE, Ovid Embase, Ovid Emcare, CINAHL
Plus, Scopus, Cochrane Pregnancy and Childbirth Group's Trials
Register, the World Health Organisation (WHO) International
Clinical Trials Registry Platform (ICTRP), and clinicaltrials.gov.
The search strategy is outlined in Table S1. Reference lists of re-
trieved studies were searched further to identify eligible RCTs.
The 2020 Cochrane review on ‘Home versus inpatient induction
of labour for improving birth outcomes’ was also cross-checked
for any outstanding eligible RCTs [11]. There were no language
restrictions, and all the published and unpublished studies were
eligible. Two investigators (M.P. and F.C.) independently reviewed
the identified titles and abstracts, followed by the full texts for eli-
gibility, with disagreements solved by a third reviewer (W.L.).

2.2 | Eligibility Criteria

RCTs comparing outpatient and inpatient cervical ripening and
IOL were eligible for inclusion. Cluster randomised trials, cross-
over, and quasi-experimental trials were excluded. All current
pharmacological and mechanical methods used for cervical rip-
ening and IOL were eligible. Only RCTs with active interventions
in both arms were included, excluding trials involving placebo, ex-
pectant management, or physician's discretion. Pregnant individu-
als with an unfavourable cervix, as defined by the modified Bishop
score, were eligible for inclusion [19]. In each RCT, singleton foe-
tuses at or beyond 34 weeks of gestation were included, regardless
of membrane status and previous caesarean delivery.

2.3 | Data Access

We approached investigators of all potentially eligible RCTs
to further confirm eligibility and requested those who au-
thored eligible RCTs to share individual participant-level
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data. Investigators' contact details were obtained through
the published articles or the websites of their associated insti-
tutions, and invitations to participate were sent by e-mail at
least four times if there was no response. Where the primary
or corresponding authors’ contact details were unavailable
or no response was obtained, attempts were made to contact
other authors involved in the RCTs, and lead/co-authors were
copied in at least every month until March 2024. In addition
to e-mailing authors, we used social media platforms and con-
tacted institutions or clinics by e-mail or phone when there
was no response. Our academic contacts in certain countries
were called to contact the non-responding authors/institu-
tions. Journal editors or funding bodies were contacted as
the last resort for some studies. Once RCT investigators re-
sponded that they were interested in participating, regular e-
mails were sent every month, coordinating the data-sharing
process and clarifying details. The author group followed
the same process successfully for their previous IPD meta-
analysis projects [4, 20, 21].

RCT investigators supplied deidentified participant-level data,
which were harmonised and recoded according to the pre-
defined IPD meta-analysis codebook (Appendix S2). Data were
requested for all women randomised, even if excluded from orig-
inal trial analyses. Where possible, the received data were exam-
ined for missing data, errors, internal consistency, consistency
with the study publications, and pattern of treatment allocation
and data presentation. Identified issues were communicated
with RCT investigators for a solution before acceptance in the
IPD meta-analysis dataset. Eligible RCTs were also subjected
to a trustworthiness assessment using the Trustworthiness
in RAndomised Controlled Trials (TRACT) trustworthiness
checklist [22-24].

2.4 | Outcomes and Effect Modifiers

The primary outcomes (Table 1) included vaginal birth, a com-
posite measure of adverse perinatal outcomes, and a composite
measure of adverse maternal outcomes. The composite adverse
perinatal outcome included at least one of stillbirth, neonatal
death, neonatal Apgar score <7 at 5min, acidosis (arterial um-
bilical cord pH <7.1), neonatal seizures, hypoxic-ischemic en-
cephalopathy of any stage (HIE), neonatal intensive care unit
(NICU) admission, meconium aspiration syndrome, neonatal
infection either clinically suspected (as defined by neonatal an-
tibiotic administration) or proven neonatal infection (culture-
proven), cord prolapse, endotracheal intubation, and external
cardiac compressions. The composite adverse maternal outcome
included any of the following: admission to the intensive care
unit (ICU), maternal infection (temperature >38°C at any time
during labour or delivery, antibiotics use or clinically diagnosed
infection, such as endometritis), postpartum haemorrhage
(PPH) >1000mL, maternal death, and uterine rupture. When
calculating composite outcomes, the presence of one or more
of the pre-defined components of the composite outcome was
considered as the presence of composite perinatal or maternal
outcomes.

Secondary outcomes are found in Table 1. Delivery outcomes
included the mode of delivery (unassisted/spontaneous vaginal,

assisted/instrumental vaginal, caesarean), indication for an
instrumental vaginal delivery, indication for caesarean deliv-
ery (failure to progress or fetal compromise), and the cumula-
tive rate of vaginal and total number of days of inpatient stay.
Labour progression outcomes included uterine tachysystole,
uterine hyperstimulation, the need for oxytocin, the presence
of meconium-stained amniotic fluid, and the need for a sec-
ond method for cervical ripening. Secondary neonatal safety
outcomes assessed individually included Apgar score <7 at
5min, arterial umbilical cord pH < 7.10, and NICU admission.
Secondary maternal safety outcomes assessed individually in-
cluded maternal infection, severe PPH (>1000mL) and mater-
nal ICU admission. Pain during cervical ripening and overall
satisfaction were also assessed under patient experience out-
comes. The international multistakeholder Delphi study on the
core outcome set for induction labour (COSIOL) was taken into
consideration in defining these outcomes [25, 26].

Potential effect modifiers of interest for the primary outcome
of vaginal birth included parity, maternal age, body mass index
(BMI), initial Bishop score, and indications for labour induction
(Table 1).

2.5 | Risk of Bias of Included Studies
and Certainty of Evidence

The Risk of Bias (RoB) was independently assessed by two re-
searchers (M.P. and F.C.) using the Cochrane RoB-2 tool [27].
Disagreements were resolved by consensus; if the information
was insufficient, trialists were sought for clarification. We
used the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) approach to assess the overall cer-
tainty of the evidence for the primary outcomes [28].

2.6 | Data Synthesis

For each outcome, an intention-to-treat analysis was performed
using all available data comparing the outpatient setting to the
inpatient setting. Analysis was conducted for all the methods as
an overall comparison and for the use of balloon catheters in
both groups separately. The inpatient setting was considered the
reference group for all outcomes. A pre-defined statistical anal-
ysis plan has been added as Appendix S1.

Our primary analysis strategy involved a two-stage meta-
analysis method to synthesise the IPD. However, for outcomes
that had no events in any intervention group of any included
RCT, a one-stage method was used as the primary analysis. In
the first step of the two-stage method, we compared outcomes
between the outpatient and inpatient settings for each included
study, adjusting for maternal age and parity. For binary out-
comes, we calculated adjusted odds ratios (aORs) along with
95% confidence intervals (CIs) using logistic regression. For
the cumulative rate of vaginal births, which is a time-to-event
outcome, we estimated sub-distribution hazard ratios (SHRs)
and 95% CIs using the sub-distribution hazard (Fine and Grey)
model, which considered caesarean birth as a competing risk.
The interpretation of this model focuses on the sub-distribution
hazard, which may not have a clear causal interpretation [29].

30f17

85Us017 SUOWWIOD aAIa1D) 8|qedt|dde ays Aq peusenob a8 9ol VO ‘88N JO S9INI 10} A%Iq1T8UIIUO A1 UO (SUOTPUOD-PUE-SWBI LD A3 1M AeIq 1 BUI|UO//SdIY) SUONIPUOD PUe SWLS | 841 88S *[5202/80/G0] U0 A%iqi8uljuo AB[1M ‘P11 Suoiealidnd OIPSIN Wwioepona Aq £528T 8250~ Ty T/TTTT 0T/I0p/wod A8 |im Akeiqjpuluo uABdoy/:sdny woiy pepeojumoq ‘0 ‘8zS0T.yT



TABLE1 | Inclusion and exclusion criteria of the included trials.

Study

Inclusion criteria

Exclusion criteria

Use of balloon catheters in both outpatient and inpatient groups

Policiano,
2016—Portugal

Kuper, 2018—
United States

Chen,
2019—Australia®

Ausbeck, 2020—
United States

Haavisto,
2020—Finland

Kohari, 2021—
United States?

Primip + multip with a singleton, vertex
presentation, Bishop score less than 6, > 41 weeks
of gestation and high-risk pregnancy indicating
elective induction at earlier gestational age

Multiparous low-risk women with a singleton,
vertex presentation, Bishop score less than 7, at
least 18 years old with their estimated gestational
age between 39 and 42 weeks of gestation, reliable
transportation, access to a telephone and resides
less than 30 min from the hospital, cervix 3cm
or less or, if 2-3cm dilated, less than 80% effaced
and reassuring fetal heart rate monitoring

Primip + multip low-risk women with a singleton,
vertex presentation, 37-42weeks of gestation,
Bishop score less than 7 with intact membranes

Primiparous low-risk women with a singleton,
vertex presentation, Bishop score less
than five and cervical dilation 2cm or less
immediately before randomisation, 39-41
6/7weeks of gestation, at least 18 years old,
reliable transportation, telephone access
and lives within 30 min of the hospital

Primip + multip low-risk women with a
singleton, vertex presentation, Bishop score
less than 6, 37-41 5/7 weeks of gestation,
uncomplicated pregnancy, intact membranes,
normal CTG, previous CS, live within
30min drive from hospital, sufficient
knowledge of the Finnish language

Primip + multip low-risk women with a singleton,
vertex presentation, Bishop score less than 6,
> 37weeks of gestation, intact membranes,
normal vital signs and at least 18 years old

Non-vertex presentation, an indication for
elective CS, spontaneous labour, (AFI > 25),
nonreassuring cardiotocograph, multiple
pregnancies, rupture of membranes, active
vaginal bleeding, indication for prophylaxis
of Streptococcus group B or HIV infection,
cervical injury or previous caesarean section

FGR, oligohydramnios, polyhydramnios, prior
CS or uterine surgery of the myometrium,
chronic hypertension requiring more than one
antihypertensive medication, diabetes mellitus
(other than diet-controlled gestational diabetes),
gestational hypertension, pre-eclampsia, hepatitis
B or C or HIV, fetal anomalies or IUFD, non-
reassuring CTG, established labour, latex allergy,
non-English-speaking, contraindications to vaginal
delivery, or conditions requiring immediate
hospitalisation and serious medical conditions
precluding outpatient cervical ripening

Inadequate transport, CS scar, any contraindication
to vaginal delivery or induction

IUFD, major anomalies, FGR, suspected
macrosomia, oligohydramnios, polyhydramnios,
nonreassuring fetal status (BPP score 6/10
or less), prior uterine surgery involving the
myometrium, gestational hypertension or pre-
eclampsia, uncontrolled pregestational diabetes
mellitus, hepatitis B or C or HIV, latex allergy

Medical conditions or pregnancy
complications: medically treated gestational
diabetes, hypertension, preeclampsia or
FGR, or other signs of fetal distress

Any contraindication for vaginal birth, multiple
gestation, history of CS, oligohydramnios/
polyhydramnios/anhydramnios (MVP <2cm),
rupture of membranes, poorly controlled diabetes,
poorly controlled chronic hypertension, gestational
hypertension or preeclampsia, vaginal bleeding,
any conditions that require continuous electronic
fetal monitoring (intrahepatic cholestasis of
pregnancy, FGR, abnormal non-stress test),
fetal anomaly, IUFD, HIV infection, presence of
genital herpetic lesion, history of substance abuse
during this pregnancy, history of precipitous
delivery, poor access to care, inability to give
informed consent, strong preference for inpatient
and not literate on English or Spanish

(Continues)
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TABLE1 | (Continued)

Study Inclusion criteria

Exclusion criteria

Pierce-Williams,
2022—United
States

Primip + multip women with a singleton, vertex

presentation, > 37 weeks, Bishop score less than 6

Gestational hypertension, preeclampsia, non-
reassuring fetal testing, multi-fetal gestation,
oligohydramnios, fetal anomaly, less than
37weeks, Bishop score > 6, ruptured membranes,
contraindication to vaginal delivery including:
active Herpes lesion, HIV VL > 1000 copies/
mL, placenta previa, vasa previa, breech
presentation, prior classical CS or transfundal
myomectomy, poor access to telephone or
transportation, latex allergy, any other condition
for which the managing physician or investigator
deem outpatient management inappropriate,
currently participating in another clinical trial

Use of balloon catheter in the outpatient groups versus vaginal dinoprostone in the inpatient group

Henry, Primip + multip low-risk women with a

2013—Australia singleton, vertex presentation, > 18 years old,
> 37weeks of gestation, Bishop Score <7
and cervical dilation <2cm, normal CTG

Beckmann,
2019—Australia

Primip + multip low-risk women with a
singleton, vertex presentation, > 37 weeks
of gestation, undergoing IOL for low-risk

indications including post-term, ‘social’ or

‘elective’ reasons and advanced maternal

age (>40years) and Bishop Score <7

Wise, 2023—New
Zealand

<7, and able to remain within 1h of the hospital

with someone who could speak sufficient English

Primip + multip low-risk women with a singleton,
vertex presentation, > 37 weeks of gestation, intact
membranes, normal non-stress test, Bishop score

Unsuitable for outpatient management,
Unsuitable for randomisation to either PGE2
(e.g., previous CS) or catheter use (e.g.,
latex allergy), or prior attempted IOL in this
pregnancy, Bishop score >7 or cervical dilatation
>2cm, ruptured membranes, or evidence of
regular uterine contractions at time of booked
induction, multiple pregnancy or non-vertex
presentation, Unable to give informed consent

Major congenital abnormality, SGA,
previous CS, Bishops score > 7, high head
(=4/5), residing > 60min from hospital, or

any contraindication to vaginal birth

Previous CS, major fetal anomaly, suspected
severe FGR, and a maternal or fetal
condition for which the clinician felt that
outpatient care was contraindicated

Use of cervical osmotic dilators (Dilapan-S) in both outpatient and inpatient groups

Saad, 2022—
United States

Primip + multip low-risk women with a
singleton, live, vertex presentation, > 37 weeks
of gestation, intact membranes, a cervix
not more than 3cm dilated and not more
than 60% effaced and > 18 years old

Active labour, active genital herpes,
chorioamnionitis, transfundal uterine or cervical
surgery, previous CS, nonreassuring fetal
status, Need for continuous maternal or fetal
monitoring during ripening, contraindication
for vaginal delivery, active vaginal bleeding,
abnormal placental location or adherence
(placenta previa or unresolved low-lying
placenta), EFW > 5000 g (nondiabetic) or >4500g
(diabetic), FGR, oligohydramnios, fetal anomaly,
need for inpatient care (e.g., hypertension,
insulin-dependent diabetes), limited access
to a telephone, lack of support person for
accompany to hospital or cannot be placed in
the hotel (if they lived more than 60 min)

Abbreviations: AFI, amniotic fluid index; CS, caesarean section; CTG, cardiotocogram; EFW, estimated fetal weight; FGR, fetal growth restriction; HIV, human
immunodeficiency virus; IUFD, intrauterine fetal death; MVP, maximum vertical pocket; PGE2, prostaglandin E2; SGA, small for gestational age.
2This trial was published as an abstract and the data collection continued after the abstract, giving a slightly larger sample here.

bThe datasheet was from an unpublished trial that was halted due to poor recruitment.
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The total number of days of hospital stay for the mother and
neonate was analysed using negative binomial regression. In
the second step, we combined the generated relative estimates
using random-effects models (restricted maximum likelihood
estimator with Hartung-Knapp-Sidik-Jonkman variance cor-
rection) [30, 31]. For the one-stage method, we used multilevel
mixed-effects logistic regression (a stratified intercept by study
and a random treatment effect, covariates as fixed effects, and
maximum likelihood estimator) adjusting for maternal age and
parity [31]. We tested treatment-covariate interactions for vagi-
nal birth using interaction terms between treatment and poten-
tial effect modifiers, also adjusting for maternal age and parity.
We tested multiplicative treatment-covariate interactions for
vaginal birth using interaction terms between treatment and
potential effect modifiers, also adjusting for maternal age and
parity. A product of treatment*covariate was included in the
regression models for each RCT. The interaction ORs were
pooled across studies using the same two-stage methods as the
main effects of the treatment. Compared to the additive scale,
the multiplicative interaction scale is more stable across studies
and does not depend on baseline risk levels, which vary sub-
stantially across studies [32, 33]. Therefore, the multiplicative
interaction scale was chosen for its relevance for clinical inter-
pretation of effect modification. To avoid ecological bias, we
only considered within-trial interaction. All variables besides
the identification variable were checked for missing values and
entries outside the expected ranges. In the event of missing val-
ues for covariates or potential effect modifiers in any RCT, we
performed multiple imputations using chained equations (10
imputed datasets) within the RCT before the meta-analysis.

The funnel plot of all RCTs was plotted to assess the publication
bias. We extracted summary data for vaginal birth from all eligi-
ble RCTs, including those that did not contribute to IPD and those
with IPD-shared RCTs. We performed an aggregate data meta-
analysis using the same random-effects model to assess the risk of
data unavailability bias of the IPD meta-analysis. Sensitivity anal-
yses for the primary outcomes were conducted using one-stage
meta-analyses to assess the impact of the meta-analytical method
on the pooled estimates. Additionally, an as-treated analysis was
performed to compare with the intention-to-treat analysis.

Statistical analyses were performed using the R statistical en-
vironment (R Foundation for Statistical Computing, Vienna,
Austria) [34]. The ‘meta’ package was used for two-stage meta-
analysis and aggregate data meta-analysis [35], the ‘lme4’ package
was used for one-stage meta-analysis [36], the ‘cmprsk’ package
was used for competing risk analysis [37], the ‘M ASS’ package
was used for negative binomial regression [38] and the ‘Imtest’
package was used for the likelihood ratio test for comparing two
nested models in treatment-covariate interaction analysis [39].

3 | Results

3.1 | Study Selection and Participants

Our systematic search identified 1734 unique references. The
PRISMA-IPD flow diagram is shown in Figure 1. After screen-

ing, 19 RCTs were potentially eligible for inclusion. Enquiries
were sent, and eight RCTs did not participate in this IPD

meta-analysis [40-47]. The authors of these eight RCTs did not
share data for the following reasons: four author groups declined
to share the data, raw data were unavailable from two RCTs, one
author group initially responded but then discontinued contact
and one author group was unable to be traced. Table S3 shows
characteristics of RCTs that did not contribute to the IPD meta-
analysis. After trustworthiness assessment, non-shared RCT,
Rahman et al. [46] were identified as ‘not-meeting trustworthi-
ness criteria’.

3.2 | Study Characteristics

Following data checks, we included all 11 studies that shared IPD
(2593 women) in this meta-analysis [3, 48-58]. Out of 11 RCTs
comparing outpatient versus inpatient methods for cervical rip-
ening, seven RCTs used balloon catheters for both groups [17, 48,
50-53, 55], with three also using intravenous oxytocin in addition
to the balloon catheters for the inpatient group [17, 51, 52]. Another
three RCTs used balloon catheters for the outpatient group and
vaginal dinoprostone for the inpatient group [49, 54, 58] and one
RCT used cervical osmotic dilators (Dilapan) for both groups [3].
Table 2 summarises the characteristics of the 11 RCTs included.

3.3 | Quality and Data Trustworthiness
of Included Studies

In screening for risk of bias, RCTs were mostly identified as
having overall ‘some concerns’ (Figure 2 and Figure S1), largely
owing to the inability to blind the participants and/or investi-
gator due to the nature of the intervention. One RCT had an
overall ‘high risk’ owing to per protocol rather than intention-
to-treat analysis [59]. All the included RCTs were published
between 2013 and 2023. All except three RCTs had prospec-
tive trial registration; two trials had a retrospective registration
[50, 56], and another had no registration [53]. However, after
IPD checking, there was no reason to exclude these three RCTs.
Figure S2 shows the risk of bias summary for trials that did not
provide IPD.

3.4 | Descriptive Analysis of Participants

Of the 2593 included participants, 1284 women (49.5%) were al-
located to outpatient cervical ripening, and 1309 women (50.5%)
to inpatient cervical ripening. Baseline participant characteris-
tics of each included RCT are available in Table S4.

3.5 | Synthesis of Results
3.5.1 | Primary Outcomes

3.5.1.1 | Overall Comparison of Outpatient and Inpatient
Cervical Ripening. The odds of vaginal birth were not sig-
nificantly different between outpatient and inpatient groups (11
RCTs, 2584 women, 67.8% vs. 70.2%, aOR 0.95, 95% CI 0.70; 1.30,
p=0.74, I’=33%: moderate certainty evidence as downgraded
due to inconsistency, Figure 3A). The odds of composite adverse
perinatal outcome were comparable between the two groups (9
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Identification

References identified: 1,734 S

e Cochrane Library*: 275
e Database searches*: 1,391
o Public trial registries*: 64

o Reference checking: 4
*Search from inception to July 2024

v

References after title and abstract

Screening

screening: 36

Excluded: 1,698

7

Unique underlying RCTs for which enquiry
was sent: 19

Eligibility

Excluded: 17

o Still recruiting (1)/recruiting not commenced
(1)/terminated (4): 6
e Outcome/Design: 11

Y

RCTs for which IPD were sought: 19

Excluded: 0

Obtaining data

A 4

RCTs for which IPD provided: 11

Randomised participants: 2,594

i
o)
&
‘©

>
<

Excluded following IPD checking: 0
RCTs for which IPD was not provided: 8
Reasons IPD not available:

Unable to trace authors: 1 trial

Initial response, then lost contact: 1 trial
e Data unavailable: 2 trials

Not willing to share: 4 trials

A 4

g

Individual participant data

e RCTs included in analyses: 11
e Participants included in analyses: 2,593
o Participants excluded: 1*¥*

Analysed data

Aggregate data

e RCTs included in analyses: 19 (11+8)
e Participants included in analyses: 4,170
e RCTs excluded: 0

FIGURE1
ify for intention-to-treat analysis.

RCTs, 2525 women, 11.1% vs. 11.7%, aOR 0.93, 95% CI 0.75; 1.16,
p=0.48, I’=0%: moderate certainty evidence as downgraded
due to concerns on data completeness, Figure 3B) and composite
adverse maternal outcome was also comparable between the two
groups (10 RCTs, 2480 women, 14.3% vs. 15.4%, aOR 0.89, 95% CI
0.65; 1.20, p=0.39, I>=6%: moderate certainty evidence as down-
graded due to concerns on data completeness, Figure 3C).

3.5.1.2 | Use of Balloon Catheters in Both Outpatient
and Inpatient Settings. The odds of vaginal birth were
similar between outpatient and inpatient groups (7 RCTs, 616
women, 77.9% vs. 76.3%, aOR 1.07, 95% CI 0.58; 1.99, p=0.79,
I>=23%: low certainty evidence as downgraded due to con-
cerns on data completeness and imprecision, Figure 3A). The
odds of composite adverse perinatal composite outcome (5
RCTs, 551 women, 8.3% vs. 7.2%, aOR 1.02, 95% CI 0.54; 1.93,
p=0.94, I =0%: low certainty evidence as downgraded due to
concerns on data completeness and imprecision, Figure 3B),
and composite adverse maternal outcome were comparable

Trial identification (PRISMA-IPD flow diagram). RCTs, Randomised controlled trials. **Early withdrawal in Saad et al. did not qual-

between the two groups (6 RCTs, 506 women, 10.5% vs. 9.8%,
aOR 0.98,95% C1 0.52; 1.86, p = 0.94, I* = 0%: low certainty evi-
dence as downgraded due to concerns on data completeness
and imprecision, Figure 3C).

3.5.2 | Secondary Outcomes

3.5.21 | Overall Comparison of All the Methods
for Cervical Ripening and Labour Induction. Table 3
and Figures S3-S10 show the secondary outcomes results
for the overall comparison with all the methods for outpatient
versus inpatient cervical ripening. There was no difference in
the rates of unassisted vaginal births (Table 3 and Figure S4)
between the two methods. Caesarean delivery for fetal distress
and caesarean delivery for failure to progress (Table 3) were
comparable between the two settings. Time-to-event analysis
of the subdistribution hazard ratio of vaginal birth, account-
ing for caesarean delivery as a competing event, did not show
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| (Continued)

TABLE 2

No. of
participants

Inpatient arm

Outpatient arm

Country

Year

Author

Use of cervical osmotic dilators (Dilapan-S) in both outpatient and inpatient groups

Saad

338

Inpatient osmotic dilators were left for at least 12h

Outpatient osmotic dilators were left for at

United
States

2022

least 12 h: discharged after reassuring CTG

Abbreviations: BS, Bishops' score; CS, caesarean section; CTG, cardiotocography; Multip, multiparous women; NS, not stated; Primip, primiparous women; ROM, rupture of membranes.

2This trial was published as an abstract and the data collection continued after the abstract, giving a slightly larger sample here.

YThe datasheet was from an unpublished trial that was halted due to poor recruitment.

a statistically significant difference and demonstrated substan-
tial heterogeneity (Table 3 and Figure S5). There was no signifi-
cant difference in maternal or neonatal inpatient length of stay
(Table 3). Women in the outpatient group were significantly
more likely to receive oxytocin once they returned to the hospital
(11 RCTs, 2587 women, aOR 1.72, 95% CI 1.41; 2.09, p <0.01).

There was high imprecision due to wide CIs between both set-
tings for cord prolapse, Apgar score, and admission to NICU
between the two settings (Table 3). There was also low cer-
tainty regarding the impact of either setting on maternal in-
fection and maternal intensive care admissions (Table 3). The
outpatient setting resulted in significantly lower acidosis in
umbilical arterial cord blood (7 RCTs, 1466 women, aOR 0.58,
95% CI 0.36; 0.94, p=0.03), a trend towards less severe post-
partum haemorrhage (10 RCTs, 2470 women, aOR 0.76, 95%
CI 0.56; 1.01, p=0.06) and more epidural analgesia (9 RCTs,
2422 women, aOR, 1.45, 95% CI 1.16; 1.80, p=0.005) than
those in the inpatient group (Table 3 and Figure S9). There
was no significant difference in patient experience outcomes
(Table 3 and Figures S7 and S8).

3.5.2.2 | Use of Balloon Catheters in Both Outpatient
and Inpatient Settings. Table S5 and Figures S11-S13 show
the results of secondary outcomes with the use of balloon catheters
in outpatient and inpatient groups. The above-reported adverse
outcomes with all the methods in the inpatient group regarding
acidosis and severe postpartum haemorrhage were not observed
with the use of balloon catheters in both groups. The estimates
for the differences in the rates of acidosis in umbilical arterial
cord blood and severe postpartum haemorrhage were uncertain
between the two groups and had low precision (Table S5). The
oxytocin use was comparable (Table S5). Women in the outpa-
tient group with a balloon catheter used less epidural analgesia
(5 RCTs, 448 women, aOR 0.67, 95% CI 0.48; 0.93, p=0.03) than
those in the inpatient group with a balloon catheter.

There was no statistically significant difference in the rates of un-
assisted vaginal births (Table S5 and Figure S12) between the two
groups. We found no statistically significant difference in caesar-
ean delivery for fetal distress or caesarean delivery for failure to
progress (Table S5). There was high imprecision in the results
for instrumental vaginal births for fetal distress and instrumen-
tal vaginal births for failure to progress (Table S5). Time-to-event
analysis for the hazard ratio of vaginal birth demonstrated sub-
stantial heterogeneity, with wide CIs reflecting uncertainty in the
timing of vaginal birth (Table S5 and Figure S13). There was in-
sufficient data on inpatient length of stay. The available evidence
was too imprecise to determine whether there were clinically
significant differences between groups for cord prolapse, Apgar
score <7 at 5min, admission to NICU, and maternal infection
(Table S5). There was insufficient data regarding rates of mater-
nal intensive care admissions. There was insufficient data on pa-
tient experience outcomes.

3.6 | Intervention-Covariate Interactions

No differential impact of treatment on the rate of vaginal birth
(Table S6) was identified for maternal parity (nulliparous ver-
sus multiparous, 5 RCTs, 2116 women, p for interaction =0.37),
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Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data
Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0%

25% 50% 75% 100%

| B towisk [0 someconcems [l Highrisk |

FIGURE 2 | Risk of bias assessment of included RCTs in the intention-to-treat population.

maternal age (11 RCTs, 2593 women, p for interaction=0.33),
gestational age at delivery (10 RCTs, 2563 women, p for interac-
tion=0.33) or initial Bishop score (9 RCTs, 1468 women, p for
interaction =0.63). There was an increased, but not statistically
significant, effect on the potential impact of BMI (11 RCTs, 2593
women, p for interaction =0.09). Therefore, a sub-group analysis
of the primary outcomes for three BMI categories (Underweight/
Normal weight: BMI < 25kg/m?, Overweight: BMI 25-29.9 kg/m?,
and Obese: BMI > 30kg/m?) was performed. In the overall com-
parison of all the methods in both groups (Figure S14A-C) and
with the use of balloon catheters in both groups (Figure SI5A-C),
there was no differential impact according to the three BMI cat-
egories on all three primary outcomes. Both strata-specific and
joint effects, with and without treatment*covariate interactions
have been presented in Tables S6 and S7.

3.7 | Publication and IPD Unavailability Biases

The funnel plot of all RCTs (participating and non-participating)
shows no discernible asymmetry, suggesting a low risk of publi-
cation bias (Figure S16). We could extract summary data for vag-
inal birth from six RCTs that did not share data (Figure S17) and
11 shared RCTs. Data on vaginal delivery could not be extracted
from two non-shared RCTs as not reported [45, 47]. Aggregate
data meta-analysis combining all the RCTs found comparable
vaginal delivery between the outpatient and inpatient groups
(17 RCTs, 4089 women, OR 1.00, 95% CI 0.83; 1.21, p=0.99,
I?=18%) (Tables S8 and S9).

3.8 | Sensitivity Analyses

Sensitivity analyses for primary outcomes using one-stage mod-
els produced similar findings (Table S8). Similarly, ‘As Treated’
analyses of the primary outcomes (Table S9) for seven of the in-
cluded RCTs did not lead to different conclusions compared to
the main analyses for vaginal delivery, perinatal and maternal
composite adverse outcomes.

4 | Discussion
4.1 | Main Findings
This IPD meta-analysis, which included 11 RCTs with 2593

women having cervical ripening and IOL, found that there was
no difference in vaginal delivery, perinatal and maternal safety

between the outpatient and inpatient settings. Outpatient cer-
vical ripening with a mechanical method showed significantly
less acidosis in the babies while more use of epidural compared
to inpatient with any method. Women in the outpatient group
were significantly more likely to receive oxytocin once they re-
turned to the hospital. The rate of severe postpartum haemor-
rhage (>1000mL) was lower in the outpatient group, but this did
not reach statistical significance. There was no difference in in-
duction to interval, inpatient hospital stay or satisfaction scores.

4.2 | Strengths and Limitations

The main strengths of this work are the predefined analysis
plan, a sample size of 2593 randomised women, and the use of a
thoroughly cleaned IPD database. The IPD meta-analysis study
design improved the statistical power and enabled outcome
harmonisation of composite outcomes and treatment-covariate
interaction analysis. Eighteen out of 19 trial investigators re-
sponded to the data-sharing requests for this IPD meta-analysis,
and we have included 62.2% of the published data on this topic.
The central coordinating team continuously collaborated with
trial investigators to ensure data consistency and quality. Ten
out of 11 of the included RCTs had a low risk of bias in all do-
mains except for the lack of blinding owing to the nature of the
intervention. The remaining RCT showed a ‘high risk’ of bias as
the data were only available for the per-protocol analysis due to
a large number of losses to follow-up [54]. We adjusted clinical
factors associated with IOL effectiveness and outcomes (age and
parity) and explored the heterogeneity of treatment effects by in-
vestigating interactions and subgroup effects. Conducting high-
quality RCTs and sharing the raw data for IPD meta-analysis
not only minimises research waste but also makes the evidence
more trustworthy. We acknowledge the loss of IPD from eight
RCTs despite active efforts for more than 2years to obtain their
data. Three of eight non-shared RCTs were published before
2010, and their data were unlikely to be available.

4.3 | Interpretation

The existing aggregate data meta-analyses comparing outpa-
tient and inpatient IOL have shown comparable findings to
each other [11, 16, 17]. In summary, they have reported a lower
likelihood of caesarean delivery in the outpatient group and a
reduction in inpatient hospital stay with no significant adverse
maternal or perinatal safety concerns. Importantly, in a study by
Dong et al., there were more suspicious fetal heart rate tracings

10 of 17

BJOG: An International Journal of Obstetrics & Gynaecology, 2025

85Us017 SUOWWIOD aAIa1D) 8|qedt|dde ays Aq peusenob a8 9ol VO ‘88N JO S9INI 10} A%Iq1T8UIIUO A1 UO (SUOTPUOD-PUE-SWBI LD A3 1M AeIq 1 BUI|UO//SdIY) SUONIPUOD PUe SWLS | 841 88S *[5202/80/G0] U0 A%iqi8uljuo AB[1M ‘P11 Suoiealidnd OIPSIN Wwioepona Aq £528T 8250~ Ty T/TTTT 0T/I0p/wod A8 |im Akeiqjpuluo uABdoy/:sdny woiy pepeojumoq ‘0 ‘8zS0T.yT



(A) Primary outcomes:

Rate of vaginal delivery between two methods (two-stage).

RCT logOR se Odds Ratio OR 95%-Cl Weight
Policiano 2016 0.4731 0.3782 160 [0.76;3.37) 27.0%
Kuper 2018 0.3893 0.9345 148 [0.24,921] 62%
Chen 2019 -0.4623 0.6833 0.63 [0.17;2.40] 10.9%
Ausbeck 2020 0.5105 0.4154 167 [0.74,3.76] 23.7%
Haavisto 2020 -0.6335 0.5047 0.53 [0.20;1.43] 17.9%
2 Kohari 2021 0.2639 0.6712 1.30 [0.35;4.85] 11.2%
Pierce-Williams 2022 -2.2116 1.3459 0.11 [0.01;1.53] 3.1%

Random effects model (HK)

Prediction interval

1.07 [0.58; 1.99] 100.0%
[0.42; 2.76]

Henry 2013 -0.2669 0.4493 — 0.77 [0.32;1.85] 7.3%
Policiano 2016 04731 0.3782 —— 160 [0.76;3.37] 95%
Kuper 2018 0.3893 09345 148 [0.24,921] 20%
Chen 2019 -0.4623 06833 063 [0.17,240] 3.6%
Ausbeck 2020 0.5105 0.4154 ——— 167 [0.74,3.76] 82%
Beckmann 2020 -0.2860 0.2184 — 0.75 [0.49;1.15] 18.0%
Haavisto 2020 -0.6335 0.5047 «——i— 053 [0.20;1.43] 6.1%
Kohari 2021 0.2639 0.6712 1.30 [0.35;4.85] 3.7%
Pierce-Williams 2022 -22116 13459 ¢&——7— 0.11 [0.01;153] 1.0%
1 Saad 2022 0.3943 0.2541 T 1.48 [0.90;2.44] 155%
Wise 2023 -0.2555 0.1337 = 0.77 [060;1.01] 25.0%

Random effects model (HK)

Prediction interval

Heterogeneity: /° = 33%, ©> = 0.0582, p = 0.14

(B) Primary outcomes: Composite perinatal outcomes between two methods (two-stage).

RCT

Policiano 2016

1

0.95 [0.70; 1.30] 100.0%
[0.51; 1.79]

[ T

02 05 1

Favours inpatient

logOR se

Odds Ratio OR

T
2 5

Favours outpatient

95%-Cl Weight

0.2380 1.4731

} > 127 [0.07:22.76] 4.9%

Kuper 2018 -0.0990 06172 —— 091 [027, 3.04] 281%
Ausbeck 2020 0.1785 0.4958 —— 1.20 [0.45; 3.16] 435%
2 Haavisto 2020 1.0789 1.1747 —— = 204 [029,2041] T7%
Kohan 2021 -0.8129 0.8238 044 [009; 223] 158%
Chen 2019 0.0%
Pierce-Williams 2022 0.0%

Random effects model (HK)

Prediction interval

1.02 [0.54; 1.93] 100.0%
[0.36; 2.88]

I
0.0205 0.5225

Henry 2013 ————— 102 [0.37, 284] 62%
Policiano 2016 0.2380 1.4731 : 1.27 [0.07;2276] 0.8%
Kuper 2018 -0.0990 06172 ; 091 [027, 3.04] 44%
Ausbeck 2020 0.1785 0.4958 1.20 [0.45 316] 68%
1 Haavisto 2020 1.0789 1.1747 294 [0.29; 29.41] 1.2%
Beckmann 2020 -0.3264 0.2336 —-- 0.72 [0.46; 1.14] 299%
Kohari 2021 -0.8129 0.8238 044 [0.09 223] 25%
Saad 2022 -0.3108 0.5075 —_—— 0.73 [0.27; 1.98] 65%
Wise 2023 0.1042 0.1964 — 111 [0.76; 1.63] 416%
Chen 2019 i 0.0%
Pierce-Williams 2022 0.0%

Random effects model (HK)

Prediction interval

0.93 [0.75; 1.16] 100.0%
[0.67; 1.29]

[
0.1

05 1 2 5

Heterogeneity: /° = 0%, ©° = 0.0022, p = 0.83 Favours outpatient Favours inpatient

FIGURE 3 | Forest plots showing the results of the primary outcomes of this IPD meta-analysis (Plot 1: Shows overall comparison with all the
methods and Plot 2: Shows the use of balloon catheters in both settings).

(30.6% vs. 21.4%) in the outpatient group [16]. However, all three
of these reviews were hampered by low certainty of evidence on
the effectiveness, safety and limited data on women's experience

and satisfaction. Our IPD meta-analysis showed no reduction in
caesarean delivery rate with outpatient balloon catheters and no
change in the hospital stay. Using thoroughly cleaned data and
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(C) Primary outcomes: Composite maternal outcomes between two methods (two-stage).
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FIGURE3 | (Continued)

adjusting for age and parity probably provided more accurate
results in the present IPD meta-analysis, which has similarly re-
ported no differences. Even with the data from RCTs, adjusting
for potentially confounding factors like age and parity would en-
sure more accurate effect estimates, as these factors are known
to be associated with the outcomes of labour induction. In the
present study, more use of oxytocin and epidural analgesia could
be clinically correlated to each other as clinicians tend to rec-
ommend epidural analgesia with labour augmentation. The in-
patient group had 285 women (three RCTs) started on oxytocin
as part of their management [17, 51, 52], which is 11.0% of all
women evaluated in the present study and unlikely to have made
an impact. A significantly lower rate of fetal acidosis among the
outpatient group is a reassuring finding because there was no
formal fetal monitoring while they stayed outpatient. A large
IPD meta-analysis comparing balloon catheters with vaginal
prostaglandins has shown less fetal acidosis, less hyperstimu-
lation and more oxytocin augmentation with balloon catheters
[4]. While in a recent IPD meta-analysis by the authors, which
compared outpatient balloon catheters with inpatient vaginal
dinoprostone, it was found that outpatient balloon catheters led
to fewer vaginal births, especially for women with overweight
and obesity [60]. The perinatal and maternal safety profiles were
comparable. However, as all three included studies were from
Australia and New Zealand, generalizability could be low. The
present study is the main study and is different from this recent
publication [60], which addressed only the head-to-head com-
parison between inpatient vaginal dinoprostone vs. outpatient
balloon catheters with three RCTs. In contrast, the current paper
makes four comparisons with 11 RCTs. We have mentioned this

Odds Ratio OR  95%-Cl Weight

071 [0.12; 414] 10.7%

—+—=*—— 200 [0.37;11.88] 10.9%

070 [0.13; 380] 11.7%

—E— 136 [058; 321] 44.9%
N 0.34 [0.08; 145 157%
114 [0.11;1160] 6.1%

0.0%

0.98 [0.52; 1.86] 100.0%
[0.43; 2.21]

s ol

—H—=——— 180 [063; 5.16] 6.5%
071 [0.12; 4.14] 25%
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: 070 [0.13; 3.80] 2.7%
—=—— 136 [058 321] 9.3%
—r 071 [0.44; 1.15] 22.7%
0.34 [0.08; 1.45] 36%
114 [0.11:1160] 15%
— = 053 [027; 1.02] 14.4%
. - 1.05 [0.75; 1.46] 34.2%
0.0%
EL 0.89 [0.65; 1.20] 100.0%

[ [0.52; 1.52]

I I
05 1 2 5

intention prospectively in the study protocol (Appendix S3). The
present study included all the available active comparisons for
the outpatient vs. inpatient settings, focusing on the ‘sending
outpatient’ intervention irrespective of the methods used for
cervical ripening. Moreover, the present study also investigated
the use of balloon catheters in both settings.

4.4 | Clinical Implications

Our present IPD meta-analysis has not included any RCTs with
outpatient vaginal dinoprostone; only mechanical methods were
included in the outpatient group. Available international-wide
clinical guidelines have added several recommendations for out-
patient cervical ripening for IOL. WHO recommendations on
outpatient settings for IOL have emphasised the low certainty
of evidence for routine use and recommend careful patient se-
lection based on transport resources and geographical location
before offering this model of care; most existing data are from
high-income countries with limited statistical power for many
important clinical outcomes [61]. WHO also mentions the role of
shared decision-making in balancing the existing evidence and
potential risks and benefits [61].

The COVID-19 pandemic has changed the way healthcare in-
terventions are delivered [62]. Outpatient use of cervical ripen-
ing for IOL has recently re-emerged with increasing popularity
during the COVID-19 pandemic, as it minimises hospital gather-
ing with pandemic-imposed restrictions on labour support per-
sons and reduces virus transmission risks [63]. This approach
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allows women to initiate labour at home, aligning with public
health measures and supporting women's preferences for a less
medicalised birthing experience. The same can be considered
for the post-pandemic period. Furthermore, outpatient cervical
ripening might support the current trend of climate-resilient
and environmentally sustainable healthcare models with regard
to health workforce, cost and resources. It also has potential
economic advantages for both the woman and the hospital, as
well as for women's birth experiences. These are the current top
considerations for any healthcare intervention. Robust evidence
from diverse settings in this regard is a dire need for this com-
mon day-to-day obstetric intervention. All the existing RCTs
have been performed in high- or upper-middle-income coun-
tries. The impact of this intervention on low- and low-middle-
income countries has yet to be explored. Potential logistic factors
like transport difficulties and higher background morbidity and
mortality rates are possible challenges for these countries to im-
plement outpatient cervical ripening before IOL.

5 | Conclusion

The overall effectiveness and perinatal and maternal safety of
outpatient cervical ripening before IOL are comparable to those
of inpatient cervical ripening. Cervical ripening in an outpatient
setting leads to less fetal acidosis, more maternal epidural anal-
gesia, and more oxytocin use than inpatient.
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