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Foreword

Love and thanks go to the many people who have supported and encouraged me through-
out the past three and a half years of this adventure. You know who you are and | will be
forever grateful to you.

This thesis is dedicated to Isaac, José and Lena without whom none of this would have
been possible.

Please note:

In this thesis the terms woman, mother or maternal are used. This is done based on the
evidence used in the research for this thesis with the awareness of including those who are
pregnant, give birth and are parents of a newborn, and who do not (gender) identify as

women or mothers.

Similarly, many studies refer to pregnant people and parturients as patients. It is explicitly
acknowledged by the author of this thesis that the term “patients” is not an appropriate

description of a population experiencing physiological pregnancy and birth.



Abstract

Introduction and objective: This thesis investigates whether the use of osmotic dilators
as a method of mechanical induction of labour leads to increased maternal satisfaction

when compared to balloon inductions at term.

Background: Up to 25% of births (185,000 pregnancies) are induced every year in Ger-
many, using a range of pharmacological or mechanical methods. Pharmacological methods
can lead to uterine hyperstimulation, requiring increased monitoring and inpatient manage-
ment. Mechanical methods ripen the cervix through the endogenous release of hormones
and can be managed in an outpatient setting. Most research concentrates on obstetric out-

comes with little to no focus on maternal satisfaction.

Method: A literature review was conducted in September and October 2023 searching for
keywords in the databases PubMed, CINAHL and Scopus, using current clinical guidelines
and the principle of snowballing. Studies were included for review if they focussed on ma-
ternal satisfaction. Ten studies (eight RCTs and 2 cohort studies) are critically assessed in

this thesis.

Results: Balloons and osmotic dilators are safe, effective, and accepted methods of me-
chanical cervical ripening. Their use is associated with higher maternal satisfaction when
compared with pharmacological agents. In direct comparison osmotic dilators are superior

to balloons in the areas of sleep, relaxing time and performance of daily activities.

Discussion: Most studies compare balloons and osmotic dilators with pharmacological
agents; only few compare the mechanical methods with each other and, even fewer focus

on satisfaction as an outcome.

Conclusions: There is currently insufficient evidence to categorically show the superiority
of osmotic dilators over balloons. Further research is recommended looking specifically at
direct comparisons between the Cook double balloon and Dilapan-S, focussing on stand-
ardised measurements of satisfaction as well as the acceptance of outpatient management.
Providing evidence-based choices in cervical ripening procedures can facilitate shared de-

cision making and ultimately lead to an increase in maternal satisfaction.
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1 Introduction

One of the most common interventions in obstetrics is the induction of labour (IOL). In Ger-
many, the number of births which are induced stands currently at between 20-25%, with the
indications for the intervention having increased in recent years (DGGG, 2020a). Care of
pregnant people being induced has therefore become a daily routine and challenge for mid-
wives and other healthcare professionals working in clinical settings.

The Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften / As-
sociation of the Scientific Medical Societies in Germany (AWMF) S2k Guideline “Induction
of Labour” (DGGG, 2020a), the authors of which include the Deutsche Gesellschaft fur
Gynakologie und Geburtshilfe / German Society of Gynecology and Obstetrics (DGGG) and
the Deutsche Gesellschaft fir Hebammenwissenschaft / German Society of Midwifery Sci-
ence (DGHWiI), lists potential indications for induction, yet the topic remains complex and
necessitates an individual risk-benefit analysis reflecting both the mother’s and the foetus’s

medical and pregnancy history.

Methods of cervical ripening and IOL can be broadly categorised into “mechanical’ and
“pharmacological’. Pharmacological methods using prostaglandin (PG/PGE) or oxytocin
applications can increase the risk of uterine overstimulation and require an inpatient setting
to regularly monitor the mother and foetus. Mechanical methods can be used in outpatient
settings and offer a valid alternative to inducing labour when the cervix is assessed as un-
ripe or unfavourable (having a low Bishop score). Their use supports the endogenous re-
lease of prostaglandins and or oxytocin. They are the preferred methods for women aiming
for a vaginal birth after caesarean (VBAC / TOLAC) or for those who prefer a non-pharma-

cological method of induction with the option of outpatient cervical ripening.

The Bishop score is a system for predicting successful IOL which assesses, on a point scale
of 0-3, cervix dilation, position, effacement and consistency together with foetal station.
Generally, a score of <6 is considered to be unfavourable and therefore an indication for

pre-induction cervical ripening.

The focus of this thesis is not to assess whether mechanical methods are superior in out-
come compared to pharmacological ones but rather to compare two specific mechanical
methods: cervical ripening balloons (CRBs e.g., Cook or Foley catheters) and synthetic
osmotic cervical dilators (e.g., Dilapan-S). Both methods are approved for this purpose in
Germany (DGGG, 2020a) as well as in other countries with similar health care systems,
such as the United Kingdom (NICE, 2021). While many papers have been published focus-
sing on obstetric outcomes, there is little research available on pregnant peoples’ ac-

ceptance of or satisfaction with these methods.



Using a structured search of databases, the existing literature is reviewed to explore mater-
nal satisfaction with each method and to evaluate whether osmotic dilators can offer a sat-
isfactory, or even a superior, alternative to balloon inductions in pregnancies with viable
foetuses. The aim is to provide midwives, other healthcare professionals and those who are
pregnant with evidence-based options, to open discussions on individual care models and
ultimately to promote shared decision making by reflecting on first-hand experience and

satisfaction.

2 Background

Balloons catheters are inserted into the cervix and are inflated with fluid thus holding them
in situ. The tubes protruding from the introitus are then strapped to the inner thigh of the
pregnant person, under tension in the case of the Foley catheter. Foley catheters inflate a
single balloon on the uterine side (internal cervical os) and Cook balloons use a second
balloon on the vaginal side (external cervical 0s). The pressure of the balloon(s) supports
the endogenous release of hormones causing the cervix to dilate through, amongst other

complex changes, an increase in collagen degradation.

Osmotic dilators are synthetic rods made of Aquacryl and are inserted into the cervical canal
traversing the internal os. Due to their hydrophilic properties, they increase in diameter as
they absorb moisture in the cervical canal. This gradual stretching of the cervical tissue
encourages the same hormone release as with balloons, causing the cervix to soften and

ripen. Multiple rods can be used at the same time.

In German hospitals the use of balloons is more widespread than osmotic dilators. Figures
in Kehl et al. (2021) show that of 249 clinics who provided information on methods of induc-
tion 53% used balloons in an inpatient setting compared with only 38% osmotic dilators.
However in outpatient settings in cases of unfavourable cervixes with a Bishop score of O-
3 the use of Dilapan-S is more frequent (8% rods, 4% balloons). (Kehl et al., 2021, p. 962).

There were 738,819 live births in Germany in 2022 (Destatis, 2023). If up to 25% of these
births were induced, then the affected population per year numbers around 185,000. The
target group of the AWMF guideline (DGGG, 2020a) is pregnant people, yet it dedicates
only two pages to the evaluation of the two methods featured in this thesis and the state-
ments are brief; balloon inductions are rated positively by pregnant people, and osmotic
dilators are approved for use and are safe. It is not disputed that health providers should
aim for the best possible health outcomes, but choice and satisfaction with the given care

should be viewed as equally important. For example, midwives in both clinical and
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community settings are in a unique position to use the available evidence to empower preg-
nant people to actively participate in their choices of care. Midwives also provide vital sup-
port once the procedure of IOL has commenced and can contribute positively to the expe-
rience (DGGG, 2000b; Place et al., 2022).

While it is admittedly difficult to assess satisfaction as it is, by nature, subjective, this should
not be used as an excuse to negate it as a valuable research outcome. Qualitative studies
could shine a light on factors which affect satisfaction. A systematic review on induction
methods by the National Institute for Health Research in the United Kingdom (Alfirevic et
al., 2016) found that less than 5% of the 613 studies included reported any data on maternal
satisfaction and that furthermore “satisfaction was measured in such a number of different
ways that meaningful analysis was not possible” (Alfirevic et al., 2016, p. 16). Their recom-
mendations are for women’s views to be explored as part of any future research. This is
echoed by Dos Santos et al. (2018) who call for a core outcome set to include maternal
satisfaction and facilitate standardised reporting in trials on IOL. Failure therefore to place
value on these outcomes appears negligent. Ways of measuring experience through the
use of tools such as the validated Childbirth Experience Questionnaire (CEQ) can help to
improve satisfaction if lessons are learned from the responses. Negative experiences of
childbirth can have not only an impact on the postpartum (mental) health of the parturient,

but can also play a role in decisions concerning future family planning (Place et al., 2022).

To investigate these topics regarding cervical ripening methods and satisfaction further, the
following research question is posed using the PICO (population, intervention, comparison,

outcome) research framework:

“Does the use of osmotic dilators as a method of mechanical induction of labour lead

to increased maternal satisfaction when compared to balloon inductions at term?”

The population is those to be induced or needing cervical ripening at term, the intervention
is the use of mechanical methods to induce labour, the comparison is between balloons

and osmotic dilators, and the outcome is the level of maternal satisfaction with the method.

3 Method

3.1 Choice of research method

It was decided that a literature review would be the most appropriate method to best answer
the research question. A review adds to the current knowledge of the researcher by identi-

fying literature already available on a topic, highlighting current trends, and evaluating the
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current level of research. It also enables the identification of gaps in research that may exist
in the work to date. A study of the literature coupled with a critical analysis of the way the
evidence is collected and analysed can therefore also help to focus and frame areas and

questions where further studies or trials are needed.

The aim of this literature review is to provide clinical practice with the most up-to-date infor-
mation to support evidence-based recommendations on the two mechanical methods. It is
the author’s opinion that such recommendations cannot be made without also taking into

account the experiences of the primary care recipients.

3.2 Literature search

As the use of osmotic dilators and balloon catheters for cervical ripening as IOL takes place
in a medical setting, a search was conducted in two of the most commonly used interna-
tional scientific databases, PubMed and Scopus. Both databases are frequently favoured
by further education establishments, PubMed being the primary resource for many reviews
conducted by organisations such as the Cochrane Library. A third database, Cumulative
Index to Nursing and Allied Health Literature (CINAHL), was also included to maximise the

range of relevant research papers.

A matrix of keywords and terms provided the starting point for the initial search and is de-
tailed in Table 1. It was decided to begin the search in PubMed and to use this database as
the reference for the searches in the other databases. The language of this paper is English
and as the majority of the articles and research studies available are also published in the
English language, keywords and other terms used in the search were restricted to English

only.

Table 1: Initial keyword and search criteria, own graphic, 2023



3.2.1 Keyword search — PubMed database

Use was made of the advanced search function on the PubMed website between 25" Sep-
tember and 2™ October 2023 using keywords and similar terms deemed to be relevant to
the PICO question.

The keywords and terms “Osmotic dilator” were entered, combined with the Boolean oper-
ator OR to add the keywords “Dilapan” OR “Hygroscopic”. The terms were searched in “All
fields”. The initial search generated 17,983 results for a period between the years 1877 and
2023. The pace of medical research is such that the validity of many studies is often related
to how recently they have been published. As a consequence, the decision was taken to
include the results from the last 10 years only in the search criteria. The restriction reduced
the results to 12,741 possible articles, studies and reviews published between the years
2013 and 2024.

The process was repeated in the same way using the keywords and terms “Balloon” OR
“Cook balloon” OR “Foley balloon” OR “Cook catheter” OR “Foley catheter”. This new
search found 124,529 results (1862 — 2024). A restriction to the last 10 years reduced this
number to 38,825.

The process was repeated using the keywords and terms “Satisfaction” OR “Acceptance”
OR “Comfort” OR “Invasiveness” OR “Experience”. This search found 2,480,881 results
(1787 — 2024). A restriction to the last 10 years reduced this number to 1,354,122.

The next step was to combine all the previous searches using the Boolean operator AND.
This combined search found only five results, yet interestingly all these results were pub-
lished between 2019 and 2023 indicating that a comparison of satisfaction with mechanical

methods has only recently become an area for research.

The five results were manually screened for their relevance with one Cochrane Systematic
Review being excluded as it only compared home versus inpatient induction for improving
birth outcomes (Alfirevic et al., 2020), and another Cochrane Systematic Review on me-
chanical methods for IOL from 2019 (Vann et al., 2019) was excluded as the 2023 update

of the same review was also one of the five results found (Vaan et al., 2023).

Of the three remaining results only one randomised controlled trial (RCT) included a direct
comparison between osmotic dilators and the (Foley) balloon (Saad et al., 2019). The other
reports were a study protocol (MATUCOL) for which the results have not yet been published
(Ducarme et al., 2022) and the final one was the aforementioned Cochrane systematic re-
view (Vaan et al., 2023). Full-text documents were retrievable for all three results. Due to

the nature of the focus of the thesis being satisfaction it was decided to analyse only primary
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sources of evidence and the Vann et al. (2023) Cochrane review was therefore excluded
from further evaluation. The lack of results found in this initial search confirmed the decision
not to include terms such as cephalic presentation, singleton pregnancy, parity or at term

pregnancies, as to do so would have restricted the results even further.

Due to the failure to find an appropriate quantity of literature it was decided to widen the
search criteria with a view to evaluating the two methods either separately or in comparison

with other methods of induction where the focus of the research was satisfaction (Table 2).

Table 2: Widened keyword and search criteria, own graphic, 2023

The phrase “Induction of labo*” was deemed to be too wide a search term whilst “Cervical
ripening” would be more targeted as osmotic dilators and balloons are specifically used in
this (pre)induction process. The subsequent search for “Cervical ripening” in “Title/Ab-
stract”, using the filters from 2013 — 2023, and also “Clinical Trial, Randomized Controlled
Trial” to exclude (systematic) reviews and articles retrieved 157 results. The second search
using “Satisfaction” OR “Acceptance” OR “Comfort” OR “Discomfort” OR “Invasiveness” OR
“Experience” OR “Pain” similarly restricted to 2013 — 2024 and “Clinical Trial, Randomized
Controlled Trial” showed 58,947 results. The combination of these two searches with the
Boolean operator AND retrieved 45 trials. (Appendix l.a shows history and search details,

for all three databases).

The titles and abstracts were then manually screened to establish their relevance in an-
swering the research question. The screening eliminated a further 32 results. Reasons for
exclusion were mainly the use of pharmacological methods rather than osmotic dilators or
balloons in cervical ripening, as well as the use of the methods in abortion and other gyne-
cological procedures or in cases of foetal demise. Further reasons for exclusion were a
focus on preghancy complications such as oligohydramnios, hypertension, high maternal
body mass index (BMI), accidental rupture of membranes, or a focus on the satisfaction of

midwifes or clinical staff rather than the pregnant persons’, as well as comparisons in the



method of insertion and quantity of fluid used in the inflation of the balloons. All 13 remaining

results were retrievable as full-text documents.

3.2.2 Keyword search — Scopus database

On 2" October 2023 the identical search criteria and process followed for PubMed were
used to search the Scopus database within the fields “Article title, Abstract, Keywords” .

After restricting the search to years 2013 — 2023, the subject area to “Medicine”, “Nursing”

and “Health Professions” and to the English language the total number of results was 1,252.

A cursory scan showed that the majority of the results diverged significantly from the PICO
research question. The search was therefore narrowed using AND “Balloon” OR “Catheter”
OR “Osmotic dilator” OR “Dilapan” OR “Hygroscopic” (Table 3). The two searches com-
bined produced 93 results.

Table 3: Widened keyword and search criteria, Scopus, own graphic, 2023

Operator AND ,
Keywords Cervical Satisfaction Balloon
ripenina
S Similar search Acceptance Catheter
& | terms Comfort Osmotic dilator
g Discomfort Dilapan
5 !_D¥§§i¥_§_l1@§§_ Hygroscopic
Experience
Pain

A subsequent manual scan eliminated all but 12 documents based on the relevance of the
title. The main reason for exclusion was use of the methods in abortion and other gyneco-
logical procedures. Three duplicates were manually excluded. The remaining nine docu-
ments were scanned by abstract and retrievability to leave two possible additional docu-
ments; one RCT (Saad et al.,, 2022) and one retrospective observational study (D’Indi-

nosante et al., 2023).

3.2.3 Keyword search — CINAHL database

The search process was repeated a third time on 2" October 2023 using the CINAHL da-
tabase. Searching in “all fields” and without the need to include the additional keywords
“Balloon” OR “Catheter” OR “Osmotic dilator” OR “Dilapan” OR “Hygroscopic” (Table 2), 81
documents were retrieved and manually scanned based on title and then on abstract. From

the remaining 22 documents eight duplicates were identified and 13 further documents



rejected on grounds of scope. One possible prospective study remained for possible inclu-
sion (Place et al., 2022).

3.2.4 Additional Sources

Between 3™ — 5™ October 2023 use was made of snowballing for frequently referenced

studies which were not identified in the database searches.

A review of the National Institute for Health & Care Excellence United Kingdom Guideline
“Induction Labour” (NICE, 2021) and also of the website of the American College of Obste-
tricians and Gynecologists (ACOG) failed to retrieve additional studies or full-text access to
evidence relevant to maternal satisfaction. A review of the evidence cited in the German
AWMF Guideline “Induction of Labour” (DGGG, 2020a) found many systematic reviews but
few studies evaluating satisfaction. One RCT looking at acceptance of balloons which was
not found in the database search will be assessed in this thesis (Kehl et al., 2013). The
literature on osmotic dilators had already been identified through the database searches.

Sources referenced on the Dilapan-S and Cook Medical websites were also assessed for
evidence on maternal satisfaction, but no additional studies were found to be relevant for

inclusion or accessible as full-text documents.

Through the principle of snowballing two conference presentations (McCue et al., 2023;
Sidebottom et al., 2023) comparing osmotic dilators and balloons from the 71% Annual Clin-
ical and Scientific Meeting of the American College of Obstetricians and Gynecologists in
Baltimore in May 2023 were identified. These demonstrate an interest in direct comparisons
between the two methods however the research presented in these abstracts was not avail-

able as full-text documents and so unfortunately had to be excluded.

Finally a simple google.com search for “comparison balloon dilapan satisfaction” retrieved

one retrospective cohort study (Kocak et al., 2020) which had not been previously identified.

3.3 Reasons for inclusion

With the focus on satisfaction, only primary sources are included in this thesis for detailed
analysis. The decision to restrict the search timeframe to the last 10 years is confirmed by
the volume of literature found, the increasing interest in mechanical methods (especially in
outpatient settings) and the fact that Dilapan-S has only been approved by the US Food

and Drug Administration (FDA) for third trimester cervical ripening since 2015.

When analysing the strength of the studies it is imperative to consider them within the pyr-
amid of evidence. The strength of the data in systematic reviews is situated at the top of the

pyramid indicating that the quality is high and the assessment of the studies rigorous (Polit
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and Beck, 2021). The second highest strength is the RCT, followed by cohort studies. For-
tunately, the studies found to have the most relevance to the PICO question were all such

trials, with the majority being RCTs. Full-text retrievability was also a must for inclusion.

The original intention only to focus on studies which had maternal satisfaction as the primary
outcome had to be widened as most investigated vaginal delivery and time in labour as
primary outcomes and satisfaction as secondary. An analysis of maternal satisfaction in this
thesis refers to mechanical induction as a “stand alone” intervention. Therefore, studies
which subsequently made use of synthetic oxytocin, prostaglandins or an amniotomy to
induce labour and then evaluated satisfaction were excluded from the analysis due to the
risk of confounding in their results.

A brief overview regarding the final inclusion or exclusion of 18 of the most relevant studies
(13 from PubMed, two from Scopus, one from CINAHL, one from google.com and one from
the AWMF guideline) can be found in Appendix I.b. Ten studies are included in this thesis
for detailed review.

3.4 PRISMA flow chart of identification of studies

A simplified, visual overview of the process of the selection of the studies is presented here:

Figure 1: PRISMA Flow chart of identification of studies, own graphic, 2023



3.5 Instrument for evaluation of studies

The 10 studies included in this thesis will be reviewed in detail below applying Critical Ap-
praisal Skills Programme checklists (CASP, 2022) suitable to the methodology of the indi-

vidual studies.

The checklists provide a structure for appraising the method, results and clinical relevance
of each study. They help to quickly identify the strengths, limitations and potential bias or
confounding in the study results and design. The checking of boxes “yes”, “no” or “can’t tell”
facilitates a rapid visual assessment of quality. The use of “hints” or “consider” in the expla-
nation of the question prompts the assessor and helps analyse how robust the study and

its results are by also looking for potential weaknesses in the work.

Particularly useful are the final questions asking whether the results help locally. These are
extremely valuable in deciding whether the studies found can support recommendations to
change existing care models in settings local to the assessor.

4 Results

As detailed above, due to the failure to find an appropriate quantity of literature it was de-
cided to widen the review to consider the two methods either separately or in comparison
with other (pharmacological) methods where the focus of the studies was satisfaction. The
10 studies selected for critical review are grouped below by the method of induction. De-
tailed CASP checklists for each study (including publication journals and their impact fac-
tors) can be found in Appendix I.c.

41 Satisfaction with balloon inductions

The majority of the studies found relating to satisfaction with mechanical methods focussed

on satisfaction with balloons. The results of five studies are presented here:
Table 4: Summary of studies included on satisfaction with balloons, own graphic, 2023

Study Title Author (year) Study Design

Women’s experience of induction of labor Beckmann etal. (2020) RCT
using PGE2 as an inpatient versus balloon

catheter as an outpatient
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Women’s acceptance of a double-balloon
device as an additional method for inducing

labour

Patient satisfaction with the cervical ripening
balloon as a method for induction of labour: a
randomised controlled trial

Comparison of primiparous women'’s childbirth
experience in labor induction with cervical
ripening by Dballoon catheter or oral
misoprostol — a prospective study using a val-
idated childbirth experience questionnaire
(CEQ) and visual analogue scale (VAS)

Double Foley catheter for labor induction: An

alternative method

Kehl et al. (2013)

Lim et al. (2018)

Place et al. (2022)

Obut et al. (2021)

RCT

RCT

Prospective
cohort study

RCT

The following graph shows the evaluation of the studies using the CASP checklists. The

higher the number of “Yes” answers, and the lower the number of “Can’t tell” or “No” an-

swers, the higher the assessed quality of the study.

Figure 2: CASP evaluation of selected studies: Balloon inductions, own graphic, 2023

Having identified that little is known about parturients’ preferences and the impact of outpa-

tient IOL on their experience of healthcare, Beckmann et al. (2020) compare outpatient

Cook balloon with inpatient vaginal PG inductions in a multi-centred, non-blinded RCT con-

ducted across eight Australian maternity hospitals, ranging from secondary to quaternary

levels. All participants had uncomplicated singleton cephalic presentation pregnancies, >

37+0 weeks gestation and both groups had similar baseline characteristics thereby reduc-

ing selection bias. Data was collected using a written questionnaire following birth and
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before discharge from hospital. A total of 366 questionnaires were analysed with both
groups reporting similar experiences and no measurable differences in quality of life. Sig-
nificantly more of the participants in the balloon group would however choose the method
again in a subsequent IOL (p=0.022) despite the pain score at the start of IOL being higher
than in the PG group (p=0.002). Strengths of the study include the multi-centred design to
increase generalisability as well as a good sample size. Limitations are seen in the lack of
gualitative analysis of the reasons for the responses and, as recognised by the authors,
answering the questions prior to discharge may have been too soon to allow for proper
reflection. They also concede that it is unclear if confounders such as the outpatient setting,
coupled with potentially more realistic expectations of how long I0L could take, resulted in
the more positive experiences as opposed to the method of I0L itself. The key message of
the study is that where both options are available “evidence for differences in the patient
experience should be shared with women alongside differences in clinical outcomes” (Beck-
mann et al., 2020, p. 6).

While Kehl et al. (2013) investigate the use of Cook balloons in addition to oral misoprostol
and not as a stand-alone method this study is nevertheless included for analysis as it is
referenced in the AWMF S2k Guideline (DGGG, 2020a) and is one of the few to evaluate
parturient’s acceptance of and satisfaction with the device as the primary outcome. This
RCT included 122 women at a university hospital in Germany randomly assigned to a study
group (both methods) or control group (only oral misoprostol) of whom 78 completed a
standardised questionnaire after childbirth and before discharge. The inclusion criteria was
a singleton pregnancy at term and an unfavourable cervix (Bishop score of <8). The study
found that the women “were not bothered, or only moderately bothered by the placement of
the CRB (P=0.017) or by the presence of the catheter (P=0.002)" (Kehl et al., 2013, p. 32).
In addition, women in the study group were significantly more likely to select the method
again or to recommend it to others (p=0.004). Very few negative side effects were noted
with only three women reporting foreign-body sensations and problems urinating. The au-
thors acknowledge limitations in their study being the small number of participants and the
high proportion of women whose native language was not German. This factor reduced the
number of questionnaires available for analysis as, despite translators being on hand to

assist, many were returned incomplete (attrition and risk of possible publication bias).

The Lim et al. (2018) RCT looks at acceptance and satisfaction with the Cook balloon com-
pared with intravaginal PGE. The patrticipants were >37+0 weeks gestation with singleton
pregnancies and cephalic presentation and there were no significant differences in their
baseline characteristics. In interviews with 83 participants in a tertiary level maternity teach-

ing hospital in Singapore pain was scored on a scale of 0-10 and satisfaction 0-5 with
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additional opportunity given for comments. The pain score during induction was significantly
lower in the CRB group (p=0.044). The results showed equal satisfaction with both methods
and a likelihood to recommend the method they experienced to others, despite five partici-
pants describing discomfort with the catheter tube being strapped to their leg and pressure
from the balloons. The authors’ conclusion is similar to Beckmann et al. (2020) that having
a choice of methods can help to tailor care to the individual with the aim of improving satis-
faction. A limitation is again the small sample size and single-centre design. The survey
sought to minimise bias towards either method through randomisation. The authors note
that satisfaction is subjective as it “is influenced by one’s expectations, perceptions, atti-

tudes and personal values” (Lim et al., 2018, p. 424) which could be viewed as confounders.

Place et al. (2022) compare primiparous parturients’ childbirth experience of balloons with
oral misoprostol. This prospective cohort study was conducted at a tertiary centre in Finland
with 8,500 deliveries a year and involved viable single pregnancies at > 34 gestational
weeks. The authors used the multidimensional and validated CEQ expanded to include
non-validated questions on induction. Altogether 571 participants were recruited and 362
gquestionnaires evaluated of which 244 (67,4%) were returned from the balloon group and
118 (32,6%) from the oral misoprostol group. The authors do not say whether this is repre-
sentative of the proportional use of both methods, nor do they provide information on the
induction method used by the participants who did not return the questionnaire (attrition
bias). The answers show those who received the balloon were significantly more satisfied
with the method chosen for them (p=<0.001) and were more likely to select the same
method in a future pregnancy (p=<0.001). It must however be noted that the participants in
the balloon group were of a more advanced gestational age, had a riper cervix at the start
of induction and usually had the option of outpatient care (performance bias). No randomi-
sation was undertaken with the “preferences of the treating obstetrician and the patient de-
termining the method of cervical ripening” (Place et al., 2022, p. 1157). These factors ex-
pose the results to bias within the population and possible confounding if patients had cer-
tain preconceptions of the procedure. The questionnaires were distributed upon admission
and returned within one month of childbirth, giving time for reflection on the experience but
simultaneously leaving the results open to recall bias. The strengths of the study are size

of the population, the setting and a focus on satisfaction being a valuable measurement.

The RCT from Obut et al. (2021) compares the Cook balloon with the single Foley catheter
and an adapted double Foley catheter. While Cook balloons are more commonly used in
Germany, the RCT from Saad et al. (2019), which is reviewed below, uses a Foley catheter
in the comparison and provides one of only two direct comparisons between balloons and

osmotic dilators. It was deemed important to assess if satisfaction differs between single
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and double balloons in order to be able to critically evaluate the results from the Saad et al.
(2019) study. Participants at a training and research hospital in Turkey were randomly as-
signed to the three groups (74 per group, total of 222 participants). There were no significant
differences in baseline characteristics between the participants who scored pain during in-
sertion and ripening and satisfaction on a VAS from 1-10. The authors conclude that the
pain score was higher during ripening in the single Foley group (p=0.011) and maternal
satisfaction significantly lower (p=0.014). It should be noted that only the single Foley cath-
eter was taped to the thigh under tension. The data shows the adapted double Foley cath-
eter to be as acceptable as the Cook balloon with an added cost advantage especially in
low-resource countries. The acceptability of a “homemade” device in a high-resource coun-

try such as Germany is however questionable.

4.2 Satisfaction with osmotic dilator inductions

Two recent studies compare osmotic dilator inductions with other methods of cervical rip-
ening, while one other compares an inpatient with an outpatient setting.

Table 5: Summary of studies included on satisfaction with osmotic dilators, own graphic, 2023

Study Title Author (year) Study Design

Cervical Ripening Efficacy of Synthetic Gavara et al. (2022) RCT
Osmotic Cervical Dilator Compared With Oral
Misoprostol at Term : A Randomized Con-

trolled Trial

Outpatient  Compared  With  Inpatient Saad et al. (2022) RCT
Preinduction Cervical Ripening Using a Syn-
thetic Osmotic Dilator: A Randomized Clinical

Trial

A randomized trial of synthetic osmotic Gupta et al. (2022) RCT
cervical dilator for induction of labor vs

dinoprostone vaginal insert
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Figure 3: CASP evaluation of selected studies: Osmotic dilator inductions, own graphic, 2023

Gavara et al. (2020) conducted a prospective, open-label RCT at two medical centres in the
US comparing the efficiency of cervical ripening with osmotic dilators and oral misoprostol
together with a review of maternal satisfaction with the two methods. A total of 307 partici-
pants (> 37 gestational weeks, Bishop score of <6) with a planned IOL were randomised
using stratification for parity and gestational age at a ratio of 1:1. Surveys on satisfaction
scored on a scale of 1-5 were collected after delivery with three areas seeing significantly
more satisfaction with the cervical dilator; being able to sleep (p=0.03), experiencing less
pain (p=0.019) and less discomfort (p=0.04). The authors show consistency in the intention-
to-treat and per protocol populations which they say confirm the robustness of the results
and reduce the risk of attrition bias. Their results show the non-inferiority of osmotic dilators
compared with oral misoprostol and several advantages (better safety profile, higher satis-
faction). Strengths of the study are the sample size and two-centre design thereby increas-
ing generalisability and the use of a single ripening method to eliminate confounding or
performance bias. As with all the studies found, blinding of participants and investigators
was not possible and while the two-centre design is a strength there may also have been
differences in labour management at the hospitals and involvement of multiple clinicians
could have affected outcomes. The study design and the power calculations conducted
appear robust. It must however be noted that the manufacturer of Dilapan-S (Medicem, Inc.)
funded the study and supplied the rods as well as having editorial input in the final draft of
the results, leaving them potentially open to reporting bias. The authors claim that full dis-

closure has been made and that no conflict of interest exists.

Saad et al. (2022) used an open-label RCT in two academic centres in the US with 339
participants to look at the use of osmotic dilators in inpatient and outpatient settings. The
study was again financed by Medicem, Inc. (the company is said to have had no role in the

study or the drafting of the manuscript) and two of the authors have functioned as expert
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consultants for the company. The primary focus of the RCT was to assess whether outpa-
tient IOL with osmotic dilators can shorten hospital stays and improve satisfaction. Outpa-
tient settings were either in the participant’s home or at a hotel if their home was more than
60 minutes away from the hospital. Baseline characteristics were similar between the
groups. Each participant completed a survey on satisfaction regarding sleep, rest, pain and
activity. The participants in the outpatient group were more likely to walk, eat and shower
(p=<0.01) and to support the statement that outpatient management is beneficial and a
good idea (p=<0.01). They were also less likely to use analgesics during ripening (RR 0.23,
95% CI 01-0.54). This last statistic is open to confounding as analgesics are more readily
available to inpatients. Strengths are once again sample size and randomisation. Limita-
tions with regard to satisfaction are that only five questions were posed, and no separate
analysis was undertaken between the results of the group who went home and those who
went to a hotel. It could be hypothesize that satisfaction in a home environment would be
higher than at a hotel. Although the primary outcome was to evaluate the length of hospital
stay, the data on general satisfaction with the method of IOL (both groups strongly agree

that they were pleased with Dilapan-S) and specifically with outpatient IOL, are valuable.

The most comprehensive look at maternal satisfaction can be found in Gupta et al. (2022)
with a catalogue of 23 questions referring to insertion, ripening and overall satisfaction.
Their open-label superiority RCT in four English hospitals compared Dilapan-S with vaginal
dinoprostone inserts. Some 674 participants were randomised as close as possible to the
start of IOL with a 1:1 ratio into the groups. Parity, BMI, maternal age and randomising
hospital were thereby taken into consideration. Participants in the dinoprostone group had
a significantly higher use of analgesia during ripening (p=<0.001). A higher degree of satis-
faction was recorded in the Dilapan-S group in performing desired daily activities (walking,
dressing, maintaining hygiene, showering, ability to sleep and relax) and the participants
reported less frequent and less intense uterine contractions. Unfortunately, the analysis of
these responses does not include p values and so the significance of the differences cannot
be evaluated. The results could be affected by bias or indeed confusion when answering
as the scale of 1-10 was used for all questions but some high scores indicated a more
negative response and some more positive responses. Not all participants returned the
guestionnaire, and it is unclear how long after IOL the responses were provided. The au-
thors make no mention of bias or confounding and assess the value of their study as provid-
ing “the best-quality evidence to date in support of allowing Dilapan-S to be considered as
another method for induction of labor” (Gupta et al., 2022, p. 2). This study was also funded
by Medicem, Inc.. It is stated that the views in the study are those of the authors and they

declare no conflict of interest. Strengths of the study are the large sample size, the multi-
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centred and randomised design as well as the concerted effort to assess satisfaction with

the methods.

4.3 Comparison satisfaction with balloon and with osmotic dilator inductions

As previously noted, there are a lack of studies which make a direct comparison between
both methods. The literature review in this thesis retrieved only two, the results of which are

now presented.

Table 6: Summary of studies included on satisfaction with balloons compared with osmotic dilators, own graphic,
2023

Study Title Author (year) Study Design
The comparison of cervical ripening double Kocak et al. (2020) Retrospective
balloon and higroscopic dilator (Dilapan—S®) cohort study

in labor induction

A randomized controlled trial of Dilapan-S vs Saad et al. (2019) RCT
Foley balloon for preinduction cervical ripen-
ing (DILAFOL trial)

Figure 4: CASP evaluation of selected studies: Comparison balloon and osmotic dilator inductions, own graphic,
2023

Kocak et al. (2020) conducted a retrospective single-centre cohort study in a tertiary centre
in Turkey involving 113 participants, comparing Dilapan-S and the Cook double balloon.
The baseline characteristics of gestational age, BMI and parity were similar. They looked at
patient comfort along with obstetric outcomes and found that comfort was significantly
higher in the Dilapan-S group. Participants were asked to evaluate how much pain they felt
during the application and at the end of IOL on a score of 1-10 (with 10 being the maximum).

The average scores were 4.8 + 0.7 (range 1-9) for the Dilapan-S and 7.6 + 0.8 (range 5-10)
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for the Cook double balloon. The authors calculated these results to be statistically signifi-
cant (p=<0.001). Unfortunately, they do not provide any more detailed information on these
figures. Moreover, the ranges, particularly for Dilapan-S, are extreme. It should be viewed
as critical that the Cook group made up 63.7% and Dilapan-S only 36.3% of the population
and that it is unclear when the participants were asked to evaluate pain or if they all re-
sponded. The results are therefore exposed to potential heavy reporting bias. The limita-
tions of the study are the retrospective nature of the study, the small sample size as well as
unclear reporting of the results. Furthermore, the study was only found via google.com, it
does not appear in any of the databases searched and was published only locally in Turkey.
The level of evidence presented is therefore questionable, but in the absence of other stud-
ies with a direct comparison the study is included in this thesis.

The final study to be evaluated is often cited as having the strongest evidence that Dilapan-
S is an acceptable, even superior, alternative to balloons when considering maternal satis-
faction. It is also referenced in the AWMF S2k Guideline (DGGG, 2020a) and is one of the
few studies to evaluate acceptance of mechanical IOL methods. The RCT conducted by
Saad et al. (2019) compares Dilapan-S for non-inferiority with the Foley single balloon cath-
eter. Funding once again came from Medicem, Inc., however the manuscript states that the
funder had no role in the trial, analysis or drafting of the results. The main author Antonio
F. Saad narrates a video on the Dilapan-S website, raising questions of conflict of interest
and bias in the trial and its results. Altogether 419 participants with similar baseline charac-
teristics were included in this US single-centre, open label RCT. Patient satisfaction was
assessed using a survey completed immediately after placement of the device and again
after removal, but before leaving hospital. The 11 questions were scored on a 5-point Likert
scale and a VAS. Both were available in English and Spanish owing to the Texan setting.
Three of the questions scored Dilapan-S as significantly more satisfactory (p=<0.05) than
the Foley balloon; ability to perform desired daily activities, able to find time to relax and
time to sleep. None of the questions showed significantly more satisfaction with the Foley
balloon. The size of the sample, the blind analysis of the results, the consistent manage-
ment of labour in the single-centre, and analysis on intent-to-treat are strengths. The gen-
eralisability of the results are however reduced by the single-centre setting. The authors
conclude that Dilapan-S has advantages over Foley including “FDA approval, no protrusion
from the introitus, no need to keep under tension, and improved patient satisfaction” (Saad
et al., 2019, p. 275.e8).
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5 Discussion

The key results of the studies presented above and the research method will now be dis-
cussed and applied to the PICO question posed in this thesis. Implications for midwifery

and clinical practice will be considered and recommendations for further research proposed.

5.1 Results: Discussion and reflection

It should be noted that all the RCTs reviewed were unable to blind either the participants or
those administering the intervention. While this lack of blinding somewhat downgrades the
strength of the evidence due to possible selection bias, it is acknowledged that it is not
possible to blind the participants or the clinicians in trials of this nature. The studies aimed
to reduce the risk of selection bias in their trials through the randomisation of participants

with similar baseline characteristics.

According to the studies, both balloons and osmotic dilators have certain advantages over
pharmacological agents. Studies have repeatedly shown that mechanical methods of in-
duction are not inferior to pharmacological ones (associated with a lower risk of hyperstim-
ulation and pain during the ripening process) and can have a better safety profile (Vaan et
al., 2023). Recommendations have been made that future research should therefore focus

on maternal satisfaction.

All the studies which were looked at comparing balloons with pharmacological methods
found high levels of satisfaction with the former.

Acceptance / satisfaction with balloon

p=0.017, 0.002 Kehl at al. (2013), p=<0.001 Place et al. (2022)

A . o
. Less pain during ripening
/,v" p=0.044 Lim et al. (2018)

4

p=<0.05 = significant

Figure 5: Summary of key findings: Balloons compared with pharmacological methods, own graphic, 2023
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The results from Obut et al. (2021) cannot be summarised in the same way as there was
no comparison with a pharmacological method but rather a comparison of balloon designs.
The results are still interesting as they significantly favour the double balloon over the single
Foley under tension; pain score being higher in the single Foley group (p=0.011) and ma-
ternal satisfaction lower (p=0.014).

The studies comparing osmotic dilators similarly found more satisfaction with the mechani-

cal method and outpatient management thereof.

R Less frequent/intense contractions
no p value Gupta et al. (2022)

p=<0.05 = significant

Figure 6: Summary of key findings: Osmotic dilators compared with pharmacological methods, own graphic,
2023

It is regrettable that the number of trials directly comparing balloons and osmotic dilators is
so limited and that their quality is not more robust. Of the two studies showing a comparison
one (Kocak et al., 2020) is retrospective, non-randomised and of low evidence and the other
(Saad et al., 2019) is open to bias due to the involvement of the Dilapan-S manufacturer
Medicem Inc. and the main authors prominence on the Dilapan-S website. The authors in
Kocak et al. (2020) state that,
“there is no study in the literature comparing Dilapan-S® and cervical ripening dou-
ble balloon catheter (Cook®) in labor induction until this study [...]. In this respect,
this study is capable [of adding] new information to the literature.” (Kocak et al.,
2020, p. 77)
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While this may be correct (it was also the only study found in the literature search for this
thesis), it does not improve the quality of the evidence they present.

The evidence from Saad et al. (2019) comes closest to answering the research question of
whether the use of osmotic dilators leads to more maternal satisfaction than balloons. It
highlights Dilapan-S’s superiority in performing daily activities and allowing for more relax-
ation and sleep (p=<0.05). The authors state that participants were more satisfied with

Dilapan-S,

“likely due to the difference in how the devices are handled after insertion. While the
Foley protrudes from the introitus and is kept under tension, the Dilapan-S remains
mostly in the cervical canal, allowing more patients to continue with daily activities.”
(Saad et al., 2019, p. 275.e6)

This would however appear to be somewhat speculative on the part of the authors as no
qualitative responses were collected in the survey. The conclusions in the study are drawn
from only three of eleven questions posed to participants immediately after placement and
after extraction.

Time to relax
p = <0.05 Saad et al. (2019)

8
Ability to sleep

p = <0.05 Saad et al. (2019)

/

p=<0.05 = significant
Figure 7: Summary of key findings: Osmotic dilators compared with balloons, own graphic, 2023

The remaining eight questions showed no significant differences with satisfaction between
the devices. These questions asked about worries prior to placement, anxiety at insertion,
discomfort at insertion, amount of pain during insertion, discomfort whilst in situ and overall
pain. Participants were also asked as to whether an alternative device would be considered.
The question was posed prior to device placement and then again as a way to evaluate
overall experience of cervical ripening.

It is not stated in Saad et al. (2019) why the study design chose the Foley catheter as a

comparison and not the double Cook balloon. If the findings are considered in the light of
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the subsequent findings of Obut et al. (2021), which show better satisfaction with double

balloons, then it could be hypothesised that Dilapan-S could indeed be the inferior method.

With this in mind and based on the evidence currently available, it cannot be said with cer-
tainty that the use of osmotic dilators as a method of mechanical induction of labour leads
to increased maternal satisfaction when compared to balloon inductions at term. The PICO
guestion can therefore neither be affirmed nor refuted. What the research does however

show is that they each offer a comparable alternative to pharmacological methods.

5.2 Method: Discussion and reflection

While the research for this thesis was conducted using a structured search for literature in
renowned databases it does not provide a comprehensive systematic review of all the liter-
ature available on the topic of methods of cervical ripening and satisfaction with either bal-
loons or osmotic dilators. It can therefore not be said with certainty that all the relevant
literature has been found or assessed. The keywords for the database searches were se-
lected in order to retrieve as many relevant results as possible. However, the decision to
exclude the broad term “induction of labo* may, upon reflection, have been too restrictive.
Excluding the term “laminaria” may also have reduced results for osmotic dilators, however

the term “cervical ripening” was considered to be wide enough to find suitable results.

By only searching for “Clinical Trial, Randomized Controlled Trial” in PubMed, observational
or qualitative studies which may have included more information on satisfaction will have
been excluded. The exclusion of systematic reviews enabled a concentrated focus on pri-
mary sources but may have hindered finding other records by way of snowballing with the
studies referenced therein. Whilst RCTs offer the next strongest evidence level with regard
to the evidence pyramid and randomisation of participants in these trials does reduce pos-
sible risks of confounders and bias, they are still not always the perfect study design to

investigate subjective factors.

A further critique is that the searches in the three databases (PubMed, Scopus and CINAHL)
were not identical. As shown in the method chapter there were slight variations in the filters
applied. The Scopus search required additional keywords to find results relevant to the
PICO question. The subject area in which the search was conducted was also restricted to
the areas “Medicine”, “Nursing” and “Health Professions”. No restriction as to the publication
or study design was undertaken. The CINAHL search did not require additional terms and

was conducted without any restriction to search field, subject area or study design.

The original intention of the literature review to only focus on studies which had maternal

satisfaction as the primary outcome had to be widened as almost all the studies retrieved
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during the searches investigated vaginal delivery, time to labour, maternal or neonatal
health as primary outcomes and satisfaction, if measured at all, as a secondary outcome.
It is possible that some studies which may have included secondary outcomes were over-
looked during the manual screening if they did not include the word satisfaction or similar
terms in either the title or the abstract. The term satisfaction is so subjective that it is possible
that clinical trials are not the best framework within which to search for such evidence. The
hope was to find as many studies as possible on patient-reported outcome measures
(PROMS) or patient-reported experience measures (PREMS) by also using the broader
terms acceptance, comfort, discomfort, invasiveness, experience and pain. These were

terms which the author (subjectively) considered to be similar.

A certain publication bias could be levelled at this thesis through the concentration on stud-
ies which report positive experiences with mechanical methods of IOL. Especially data re-
ferring to pain scores would be typically lower in mechanical methods as they do not directly

stimulate (painful) uterine contractions.

Access to full-text reports also hampered this literature review. In particular the conference
presentations from Sidebottom et al. (2023) and McCue et al. (2023) would seem to include
promising findings and could have provided up-to-date evidence. The abstracts are how-
ever unavailable as full-text studies and requests from the authors via the website Research

Gate unfortunately remain unanswered.

The methodological choice of a literature review is seen as validated in the assessment of
the current state of research on this topic. A prospective study could have been designed
to address the PICO question. As shown in this thesis there is a gap in the current research
which places too little emphasis on maternal satisfaction with cervical ripening methods. A
study design would not have been able to answer the question of whether satisfaction is
higher with osmotic dilators as opposed to balloons at this present time. It could however
provide an opportunity to answer the question in the future by proposing a design using a

standardised approach to the collection of evidence.

5.3 Implications for midwifery and clinical practice

Both balloons and osmotic dilators have been shown to be safe, effective and acceptable
methods for cervical ripening in the induction of labour. Providing optimal care is a priority
for midwives and they are uniquely placed to offer choice to those who are pregnant and to
support evidence-based, shared decision making. The hypothesis is that if pregnant people

actively participate in decisions concerning their care then their satisfaction levels will rise.

23



IOL and cervical ripening are areas where midwives can play a vital professional and care
role. The CEQ includes specific questions on the professional support midwives provide
during induction and childbirth demonstrating their importance (Place et al., 2022). More
training in the insertion of balloons and Dilapan-S rods would add to midwives’ compe-

tences. With reference to the insertion of Foley catheters, a 2018 study showed that,

“only 8% of insertions were rated as difficult by staff while 70% were rated easy.
This, together with the fact that the inserter’s level of experience had no influence
on women’s discomfort, are reassuring for midwives who wish to teach and learn

this common procedure.” (Gidaszewski et al., 2018, p. 57)
Another study shows that,

“the osmotic dilator is easy to apply and can be effortlessly inserted by a physician
or midwife. Our patients had no complaints whatsoever, neither during insertion, di-

lation nor extraction of Dilapan-S.” (Maier et al., 2015, p. 5)

An increase in outpatient IOL can also be an opportunity for midwives working in the com-
munity. Through an increased involvement in perinatal care the midwife profits from per-
sonal and professional development and can individualise more their postpartum care of
families. With particular focus on German maternity provision, people who have taken ad-
vantage of antenatal midwifery care and who plan postnatal care with the same midwife
could benefit from the support of a known and trusted professional during cervical ripening

prior to labour, thus extending the continuous care model (Sayn-Wittgenstein, 2007).

The possibility of outpatient care is particularly attractive to hospitals already struggling with
tight resources. In such situations, a comprehensive risk assessment is essential before
discharge into outpatient care and it is also imperative to provide information as to when to
revisit the hospital. Channels of communication need to be clear should questions or issues
arise during outpatient management. Allowing those undergoing cervical ripening to be sent
home can alleviate pressure on maternity units and increase patient satisfaction with the
process (Beckmann et al., 2020; Saad et al., 2022). The option of outpatient care “appears
to confer psychosocial benefit for women needing cervical priming before induction of labor”
(Turnbull et al., 2013, p. 80).

There is also a growing population of pregnant people with caesarean sections in their case
history for whom an increased choice and range of induction procedures would be advan-
tageous, potentially reducing the rate of repeat caesareans (Koenigbauer et al., 2021; Maier
et al., 2015). Risk pregnancies, such as those with small for gestational age foetuses and
those affected by intrauterine growth restrictions, would also benefit from more research

into these mechanical methods as there is no hyperstimulation of the uterus, potentially
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reducing foetal stress and adverse foetal effects (Grace Ng et al., 2022; Gupta et al., 2022;
Rath et al., 2023).

5.4 Recommendations for further research

The recommendations for areas for further research can be summarised as follows: direct
comparisons of the Cook balloon with Dilapan-S, the recognition and inclusion of satisfac-
tion in all trials concerning IOL and cervical ripening procedures, the development of stand-

ardised metrics for reporting satisfaction, and the value of outpatient management.

As highlighted by Alfirevic et al. (2016), it is unacceptable that only 5% of studies include
maternal satisfaction as an outcome. The recommendations in Dos Santos et al. (2018) for
the development of core outcomes to be reported in IOL were made after consultation with
stakeholders from across the spectrum of healthcare, including midwives. The increased
involvement of the DGHWi in the writing of German guidelines for obstetric care is also a
positive development and shows the relevance of these topics for the midwifery profession.
It also demonstrates an increased interdisciplinary approach to research and the implemen-

tation of recommendations.

Research appears to be being increasingly undertaken in this area and this is to be wel-
comed. However, some recent studies have seen opportunities missed. A retrospective
study (Shindo et al., 2017) compared hygroscopic dilators with balloons and found them
comparable for obstetric outcomes but did not investigate satisfaction. The prospective ob-
servational study (Ducarme et al., 2022) investigating experiences with cervical ripening
methods seeks to answer important questions of satisfaction but fails to include the use of
synthetic osmotic dilators in the study design, choosing to concentrate instead on balloons,

vaginal dinoprostone and oral misoprostol.

The subjective nature of “satisfaction” makes a comparison or summary of the results of

different studies difficult.

“In order to improve a woman’s experience, it must be measurable. Reporting expe-
riential outcomes accurately and consistently is challenging and often poorly per-
formed, with many studies failing to report on a woman’s experience at all. Those
that do, are limited by inconsistent reporting, non-validated metrics, recall bias and
confounding factors. Future IOL researchers should be routinely measuring experi-
ential alongside clinical outcomes and utilizing consistent metrics of patient experi-
ence to enable meaningful comparison of each method.” (Beckmann et al., 2020, p.
5)
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Maier et al. (2015) agree that “the patient’s satisfaction concerning the ripening and induc-
tion method should be assessed in a standardized manner, as this is an important factor in
daily clinical work” (Maier et al., 2015, p. 5). Furthermore, the current studies show incon-
sistencies at the point at which participants are asked to evaluate their experiences. The
“right time” to ask needs to be considered in future research designs. Some researchers
favour giving up to one month after birth to report on experience while others seek rapid
feedback. Both approaches are valid but make comparisons problematic. Longer periods
allow reflection, while shorter response times reduce recall bias and allow for a focus on

cervical ripening as a separate event to childbirth itself.

“We recognize [...] that women have been asked about their experience in the days
immediately postpartum, and for some this may have been too early to conclude
how they felt about their healthcare experience” (Beckmann et al., 2020, p. 5).

It also remains questionable how reliable data on satisfaction with two different interventions
can ever be. It is not possible to offer both methods of cervical ripening in the same preg-
nancy and hence to receive robust results comparing the methods. Should, for instance,
the first round of Dilapan-S not result in a favourable cervix, should a balloon be subse-
quently used? Would the first method pre-dilate and make the second method more effec-
tive and potentially therefore more satisfying? Which method should be used first? A differ-
ence in experience between nulliparous and multiparous people is also to be expected,

meaning that the experiences of the same individual could differ with each pregnancy.

More trials also need to be carried out to investigate the feasibility of outpatient care during
cervical ripening. Outpatient management must not be driven by the desire for cost-savings
alone but used as an opportunity to increase satisfaction with care. “Further research into
the safety, acceptability, and cost-effectiveness of Dilapan-S in this [outpatient] setting is
needed”. (Gupta et al., 2022, p. 19)

“For future outpatient priming to be a viable option, it can only be offered to women
within the framework of clinical efficacy and safety. These results should be con-
firmed in other studies in different patient populations and clinical settings; additional
research is also needed to establish what choices women would actually make if
they were routinely offered a choice as part of clinical care.” (Howard et al., 2014, p.
10)

The AWMF guideline (DGGG, 2020a) is in principle supportive of the option of outpatient
management of IOL using mechanical methods in low-risk pregnancies. It recommends
however only the balloon as a possible method and does not mention osmotic dilators as

an alternative. It can be generally said that the use of osmotic dilators is inadequately
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represented in the current guidelines issued by organisations such as the AWMF, NICE and
ACOG (Rath et al., 2023). This demonstrates once again a lack of evidence-based data to

recommend more use of the method and the urgent need to conduct more research.

6 Conclusions

The focus of this thesis is a comparison of maternal satisfaction with balloons and osmotic
dilators as a mechanical method of IOL through cervical ripening. In the process of re-
searching the PICO question the most important medical databases were searched and
evidence from the last 10 years critically analysed using the evaluation instrument CASP.
Five studies have been presented comparing balloons with other pharmacological agents
and three comparing osmotic dilators. The limitations of those studies which were found are
discussed in this thesis and bias and confounding factors identified. The studies show that
mechanical methods are not inferior to the more common pharmacological ones and indeed
have higher satisfaction levels. Those who have experienced cervical ripening would chose
the method again in a subsequent pregnancy and would recommended the method to oth-
ers. Pain scores are reported as lower with mechanical methods with less analgesia
needed, and it is easier to undertake daily activities during priming with a mechanical inter-
vention as opposed to a pharmacological one. It is to be regretted that not more evidence
is available comparing the two mechanical methods directly with each other. An additional

challenge is finding studies which focus on maternal satisfaction as a measure.

Despite a structured literature search and the evaluation of a range of studies it is not pos-
sible to categorially answer the PICO research question as to whether the use of osmotic
dilators as a method of mechanical induction of labour leads to increased maternal satis-
faction when compared to balloon inductions at term. It has been discussed that the most
frequently cited study for the non-inferiority of Dilapan-S (Saad et al., 2019) is not without
its limitations and bias, and that the results and evidence level of the other comparison
(Kogak et al., 2020) are not robust. Neither study can offer the generalisability that can
unequivocally support recommendations towards a change in clinical practice to favour os-
motic dilators over balloons. The reassuring message from the analysis of all the studies
however is that both methods are safe, effective and are accepted by those who are being

induced. These findings are, in themselves, valid and valuable conclusions.

The evidence also shows that there are benefits for both hospitals and individuals in the
outpatient management of cervical ripening. Where appropriate, this model of care could

be expanded and could involve more midwives in the community providing support during
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the procedure, alleviating pressure on hospital resources and clinical personnel. Addition-

ally, more midwives could be trained in the insertion of the devices.

There is a fundamental need for medical science to place more focus on the needs of
women and to recognise satisfaction as an essential outcome of research (Alfirevic et al.,
2016; Dos Santos et al., 2018). The literature and analysis presented in this thesis highlight
existing gaps in research which are potentially limiting choice. It is the view of the author
that more studies are specifically needed to compare the satisfaction of Cook balloon in-
ductions with Dilapan-S osmotic dilators as these devices are the most commonly used in
German maternity units. Ideal research designs with clinical relevance for Germany would
use multi-centred RCTs or well-designed prospective cohort studies to investigate both
products in inpatient as well as outpatient settings. The development of a standardised ap-
proach to the measurement of satisfaction, as well as the timing of data collection, would
ultimately enable future comparisons of studies to build a more robust body of evidence. It
is imperative that high quality evidence be fed into clinical guidelines (e.g., AWMF, NICE,
ACOG) to address the current underrepresentation of mechanical methods of cervical rip-

ening within them.

As described in the introduction, the aim of this thesis is to provide midwives, other
healthcare professionals and those who are pregnant with evidence-based options, to open
discussions on individual care models and ultimately to promote shared decision making by
reflecting on first-hand experience and satisfaction. There will always be situations in ob-
stetrics where cervical ripening, and induction of labour are necessary to ensure a healthy
outcome for all parties and it is fortunate that there are choices available as to the method
to be used. The current evidence shows that both balloons and osmotic dilators are com-
parable methods of IOL with high levels of satisfaction. Consultations explaining these
choices can enable an individual tailoring of care to the needs of the 185,000 individuals

who experience this specific intervention every year.

Midwives are the original advocates for comprehensive and good quality maternity provision
and can empower those who are pregnant to participate in shared decision making at every
stage of their care. They are in a unique position to contribute to increased maternal satis-
faction by providing advice, counselling and support all based on the latest evidence
(DGGG, 2020b).
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Appendix I.c CASP Checklists used for the evaluation of the studies

The checklists are presented here in the order in which the studies were evaluated in the
method chapter of this thesis.

Women’s experience of induction of labor using PGE2 as an inpatient versus balloon
catheter as an outpatient (Beckmann et al., 2020)

Vi



Vi



VI



Women’s acceptance of a double-balloon device as an additional
for inducing labour (Kehl et al., 2013)

method






Xl



Patient satisfaction with the cervical ripening balloon as a method for

induction of labour: a randomised controlled trial (Lim et al., 2018)

Xl



Xl



XV



Comparison of primiparous women’s childbirth experience in labor induction with
cervical ripening by balloon catheter or oral misoprostol - a prospective study using
a validated childbirth experience questionnaire (CEQ) and visual analogue scale
(VAS) (Place et al., 2022)

XV



XVI



XVII



XVIII



XIX



XX



Double Foley catheter for labor induction: An alternative method (Obut et al., 2021)

XXI



XXII



XXII



Cervical Ripening Efficacy of Synthetic Osmotic Cervical Dilator Compared
With Oral Misoprostol at Term (Gavara et al., 2022)

XXIV



XXV



XXVI



Outpatient Compared With Inpatient Preinduction Cervical Ripening Using a
Synthetic Osmotic Dilator (Saad et al., 2022)

XXVII



XXVIII



XXIX



A randomized trial of synthetic osmotic cervical dilator for induction of labor

vs dinoprostone vaginal insert (Gupta et al., 2022)

XXX



XXXI



XXXII



The comparison of cervical ripening double balloon and higroscopic dilator

(Dilapan-s®) in labor induction (Kogak et al., 2020)

XXXIII



XXXIV



XXXV



XXXVI



XXXVII



XXXVIII



A randomized controlled trial of Dilapan-S vs Foley balloon for preinduction
cervical ripening (DILAFOL trial) (Saad et al., 2019)

XXXIX



XL
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