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Abstract

Background: Caesarean sections (CSs) are associated with increased risk for maternal morbidity and mortality. The
recommendations of the recently published German national health goal ‘Health in Childbirth’ (Gesundheit rund um
die Geburt) promote vaginal births (VBs).

This randomised controlled trial (RCT) evaluates the effects of a complex intervention pertaining to the birth environment,
based on the sociology of technical artefacts and symbolic interactionism. The intervention is intended to foster an
upright position and mobility during labour, which lead to a higher probability of VB.

Methods/design: This study is an active controlled superiority trial with a two-arm parallel design. The complex
intervention involves making changes to the birthing room to encourage an upright position and mobility of women
in labour and to relax them, which may help them to cope with labour and may increase self-determination. This may
result in more VBs. Included in the study are primiparae and multiparae with a singleton foetus in cephalic
presentation at term planning a VB. According to the sample size calculation, 3800 women in 12 obstetrical
units are to be included. Randomisation will be performed centrally and controlled by an independent coordination
centre. Blinding of participants and staff is not possible. Key outcomes are VB, episiotomy, perineal tears, epidural
analgesia, critical outcome of newborn at term and maternal self-determination during birth. Additionally, a
health economic evaluation will be performed.

Discussion: This is the first adequately powered multicentre RCT examining the effect of a redesigned birthing
room on the probability of a VB and patient-centred physical and emotional outcomes. An increase in the number of
VBs by 5% from a baseline of 74% to 79% would result in 21,000 women per year experiencing a VB rather than a CS in
Germany. Expected benefits are greater self-determination during labour, improved physical and emotional client-
centred outcomes, fewer medical interventions and a reduction in health-care costs.

Trial registration: German Clinical Trials Register (Deutsches Register Klinischer Studien), DRKS00012854.
Registered on 7 March 2018.
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Background

Mode of birth

The rate of caesarean sections (CSs) in Germany in 2016
[1] was higher than recommended by Betran et al. [2]
despite being associated with an increased risk for ma-
ternal morbidity and mortality [3]. The average CS rate
was 32.1%, with regional differences ranging from 17%
to 51% [1]. Of these, 18.7% were repeat CSs with no
additional medical indication whilst 30.7% had additional
medical indications [1].

Of all live hospital births, 80.6% (n=623,685) were
singleton births at term in cephalic presentation. Of
these, 75.2% (n=469,195) were spontaneous vaginal
births (VBs) or operative vaginal births (OVBs) [1]. In
the federal states of North Rhine-Westphalia and
Saxony-Anhalt in 2016, VB and OVB rates were 73.1%
and 75.0%, respectively [4, 5].

In Germany, most spontaneous VBs occur in a mater-
nal recumbent position on a birthing bed. In 2016, there
were 77,123 per 100,000. Only 9616 per 100,000 are doc-
umented to have occurred in an upright or unspecified
position [1]. In international studies, low-risk women in
recumbent positions in the first stage of labour were more
likely to have an epidural, a CS or their babies admitted to
a neonatal intensive care unit [6]. Recumbent positions in
the second stage of labour are associated with increased
administration of opioids and oxytocin [7], a higher rate of
episiotomies [7] and vaginal operative births [7, 8], and in-
creased levels of pain [7, 8] and fatigue [9, 10].

If labour is prolonged or obstructed, there appears to
be room for behavioural interventions to increase the
possibility of a VB. The prevalence of prolonged or
obstructed labour in Germany in 2016 was 6.5% (sole
diagnosis) or 21.1% if documented alongside other diag-
noses [1].

Interventions to increase vaginal births

A literature review was conducted via a search of
MEDLINE (via Ovid and PubMed), Cochrane Central,
the Cochrane library, clinicaltrials.gov, Deutsches Register
Klinischer Studien, International Clinical Trials Registry
Platform, EMBASE, PSYNDEXplus, CINAHL and
MIDIRS using the medical subject headings ‘delivery
room, ‘hospital design and construction, ‘birth envir-
onment’ (plus all combinations of ‘unit, ‘room, ‘bed’
or ‘space’), ‘vaginal birth’ and ‘low risk’. No time limits
were set. Quantitative and qualitative designs of high
quality were sought, most recently on 28 October
2017. One systematic review [11] and five Cochrane
reviews [6, 12—15] were retrieved. Additionally, three
randomised controlled trials (RCTs) [16—18], a cohort
study [19], a pilot study [20], a number of relevant
qualitative studies [21-28] and a theoretical paper
[29] were found. The findings are summarised below.
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(a) Upright maternal positions and mobility (vs. conventional
care) in the first [6] and second stages of labour
[13, 15]: Interventions in position and mobility in
the first stage of labour lessened the likelihood of
an epidural and a CS [6]. In the second stage of
labour, they reduced the incidence of abnormal
foetal heart rate patterns, episiotomies and OVBs.
However, the trials were found to be methodically
weak [6, 13] and the data inconclusive [15]. In
particular, evidence is lacking regarding effects on
perineal tears, increased blood loss [13] and neonatal
outcomes [6, 13].

(b) Environmental interventions in health-care settings:
The systematic review found that such interventions
had a (small) positive effect on women’s ability
to cope with pain and their personal interactions
[11]. In the single cohort study [19], a redesigned
single-room maternity care unit (n = 250) was
compared with a traditional delivery care unit
(historical comparison group). The quality of
maternity care, maternal comfort and coping
with pain, and respect for privacy were reported
to be significantly improved. The study did not
assess VBs as an outcome and the trial was
conducted 17 years ago.

(c) Alternative or home-like (vs. conventional) institutional
settings: An alternative or home-like design increased
VB rates, satisfaction with care and initiation of
breastfeeding. The likelihood of oxytocin augmentation
in labour, intrapartum analgesia or anaesthesia,
episiotomy and OVBs decreased. However, the
reviewers found it ‘difficult to draw inferences
about the independent effects of the physical birth
environment’ due to the different organisational
models of care of the alternative birth settings
studied [14].

(d) Redesign of the birthing room: There are indications
that redesigning the birthing room might have a
positive effect on VB rates [14]; however, statistical
power was lacking in the two relevant studies
[19, 23]. In two single-centre RCTs, nature scenes
on a television [16] and calming audio-visual stimuli
[17] during labour had positive effects on the
perceived quality of care, 5-minute Apgar scores
[16] and pain intensity [17].

A single-centre trial in Denmark, which was due to be
completed in April 2018, studied the effect of a rede-
signed birthing room on oxytocin augmentation during
labour [18]. The results are not yet available. The
PLACE pilot trial, which specifically examined the effect
of the immediate birthing environment (ambient birth-
ing room) on VBs was evaluated positively by women
and staff [20].
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Based on the available literature, Foureur et al. [29] de-
veloped a hypothetical model of a ‘safe satisfying birth;
in which the model of care and the design of the birth
unit are basic environmental dimensions that encompass
the stress experienced by women in labour and by staff,
and their communications with each other.

Qualitative research focussing on the birth environ-
ment highlights various interconnected influences:
women in labour experienced subjective relaxation,
comfort and a sense of control in a Snoezelen room [24],
whereas in a traditional delivery room they felt as
though they were ‘objects of surveillance’ [27]. The
role of support people is hampered in birthing rooms
due to limited space, lack of equipment to support
the woman, and lack of places to rest. These factors
restrict their endeavours to support women in labour;
they themselves feel ‘in the way’ and that their needs
are disregarded [23].

In particular, women in labour expect continuity of
care, choice and control [25]. They also expect emo-
tional support from their partner or companion, and
that midwives will facilitate their active involvement in
care [26]. A study focussing on birthing beds revealed
that in developed countries, the birthing bed is culturally
important in terms of the safety of maternity care.
Encouraging women to stay off the bed is associated
with defying the norm [28]. In a hospital, the design
of a birthing room and its equipment should not
negatively impact on midwifery practice [21], but ra-
ther convey a sense of ‘friendliness, functionality and
freedom’ and allow care to be tailored to the needs of
each woman [22].

Need for reliable evidence

In summary, as yet there is no conclusive evidence re-
garding the independent effect of the birthing environ-
ment. Changes to the birth environment to facilitate
maternal mobility are required to encourage physio-
logical births [30] and thereby positively influence
women’s experiences and the care provided by staff. In
terms of clients’ rights, it is essential that women are
offered more choices for self-determination during
labour and birth.

International guidelines from Europe and Australia
[31, 32] and non-governmental organisations (such as
the Mother-Friendly Childbirth Initiative [33]) highlight
the importance of introducing measures to support
women in their aim to experience a VB. The recently
published German national health goal ‘Health in Child-
birth’ (Gesundheit rund um die Geburt) [34] is also
intended to foster physiological births.

Given the lack of evidence, an adequately powered
RCT is required to provide more robust results, which
would be nationally and internationally informative.
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We have, therefore, decided to conduct the multicen-
tre active controlled superiority trial outlined below.
The research question is: Does a redesigned birthing
room that fosters maternal mobility, relaxation, cop-
ing with pain, self-determination and personal com-
fort result in a higher probability of a VB in hospital,
in women with a singleton cephalic presentation at
term planning a VB, compared with controls?

Further outcomes to be evaluated will be client-centred
outcomes, adverse effects (AEs) and health economic im-
plications [35]. The proposed study replicates the inter-
vention suggested by Hodnett [20], additionally
incorporating qualitative findings on the birth environ-
ment and birth unit design [14, 21, 24, 25, 27, 36-38] as
well as recommendations for the birth environment and
positions for labour and birth [31-33, 39].

Methods/design

Design

BE-UP (birth environment, upright position) is an active
controlled superiority RCT with two study arms (inter-
vention and control group) (see Table 1). The SPIRIT
schedule of enrolment, interventions and assessments is
provided in Fig. 1 and the SPIRIT checklist in Additional
file 1. The trial involves 12 obstetric units (OUs) in hospi-
tals in the German federal states Saxony-Anbhalt, Berlin,
Brandenburg, Thuringia and North Rhine-Westphalia.
Each of the participating OUs handles at least 800 births
per year and they have both types of birthing rooms
(intervention and control). The study coordination centre
for the states Saxony-Anhalt, Berlin, Brandenburg and
Thuringia is at the Martin Luther University of Halle-
Wittenberg in Halle, Germany; the study coordination
centre for the state North Rhine-Westfalia is at the
University of Applied Sciences (Hochschule fiir
Gesundheit) in Bochum, Germany.

Intervention
The experimental intervention will entail a birthing
room that has been environmentally re-conceptualised
with features and equipment that facilitate mobility,
relaxation, coping with pain, self-determination and per-
sonal comfort. The typical delivery bed will be absent or
hidden from sight (by a screen or curtain). On the floor,
there will be a mattress and a foam mat along with
various types of foam elements for support, a bean bag
(easy chair), a foam element shaped like a birthing stool,
a snack bar with a table and chairs, posters depicting
upright (birthing) positions, a monitor showing nature
films with natural sounds and music, and a flexible floor
lamp. There will be a sign on the door requesting that
privacy be respected.

This intervention is theoretically based on the sociology
of technical artefacts (Linde & Joerges) and Blumer’s
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Data category

Information

Primary registry and
trial identifying number

German Clinical Trials Register (Deutsches Register Klinischer Studien,
DRKS): DRKS00012854.

Date of registration in
primary registry

March 7, 2018

Secondary identifying
numbers

The assigned universal trial number (UTN) is U1111-1204-0964.

Source(s) of monetary
or material support

Federal Ministry of Education and Research (BMBF). The funding code (FKZ)
is: 01KG1715.

Primary sponsor

Martin Luther University Halle-Wittenberg, Halle/Saale, Germany

Contact for public
queries

Elke Mattern M.Sc., Dipl. med. pad. Sabine Striebich,
Email: kontakt@be-up-studie.de

Contact for scientific
queries

Dr. Gertrud M. Ayerle: gertrud.ayerle @ medizin.uni-halle.de
Prof. Dr. Rainhild Schéfers: rainhild.schaefers @ hs-gesundheit.de

Dr. med. Gregor Seliger: gregor.seliger @ uk-halle.de

Public title

Be-Up: Geburt aktiv

Scientific title

Effects of the birthing room environment on vaginal births and client-centred
outcomes in women at term planning a vaginal birth: a multicentre RCT (BE-
UpP)

Countries of recruitment

Germany

Health condition(s) or
problem(s) studied

Birth mode, particularly vaginal birth

Intervention(s)

Changes to the birthing room environment in an effort to encourage upright
positions, mobility, and relaxation of labouring women. The typical delivery
bed will be absent or hidden from sight (by a screen/curtain). The room will
contain a mattress and foam mat on the floor along with various types of
foam elements for support, a bean bag (easy chair), a foam element shaped
like a birthing stool, a snack bar with table and chairs, photo posters depicting
upright (birthing) positions, a monitor depicting various nature scenes with
natural sounds and music, a flexible floor lamp, and a sign on the door
requesting that privacy be respected.

Key inclusion and
exclusion criteria

Key inclusion criteria: Primiparae and multiparae, singleton cephalic
presentation, between 37+0 weeks to 41+6 weeks, intended VB, active 1st
stage.

Key exclusion criteria: Active 2nd stage, wish for water birth, emergency,
pathological (definition according to FIGO) fetal heart tracings on admission,
and indications for caesarean section according to the NICE guideline.

Study type Active controlled superiority trial with a two-arm parallel design
Date of first enrolment 2.4.2018

Target sample size 3.800

Recruitment status Ongoing

Primary outcome(s) VB

Key secondary
outcomes

Episiotomy; 3rd & 4th degree perineal tears; epidural analgesia; “critical
outcome of newborn at term” (composite indicator); maternal self-
determination during birth (LAS) at 3 months postpartum.

Fig. 1 Schedule of enrolment, interventions, and assessments (according to SPIRIT 2013 guidelines [54])
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symbolic interactionism, both of which stress the signifi-
cance of the material environment to human behaviour
[40]. Each object (e.g. a chair or a bed) with its impli-
cit symbolism and ascribed meaning (for sitting or
lying down, respectively) stimulates the behaviour of
humans, who in turn use the object in a certain way
[41]. The simple presence of (certain) objects changes
the structure of an environment, affecting human be-
haviour and consciousness.

The intervention is, therefore, expected to influence
the behaviour of the people in the birthing room. In a
room with no delivery bed (or a concealed bed), but with
other items, such as a beanbag, a table and chairs, and
with an audio-visual presentation, the behaviour of the
woman, her partner or companion and staff will be in-
fluenced. Using these items will foster an upright pos-
ition and mobility and will relax the woman, and her
individual coping mechanisms will be encouraged. We
hypothesise that the physiological processes of labour
and birth (e.g. dilation of the cervix, and the descent and
rotation of the head) will be supported, and a VB is more
likely to be achieved.

The duration of the intervention is from the partici-
pant’s admission to the birthing room after randomisa-
tion through to birth and discharge or transfer to
another ward. Adherence to the study protocol in each
OU will be supervised by monitors, who will visit each
month, and by lead monitors, who will visit every other
month. Each visit will be documented, including any
actions undertaken to ensure compliance.

Control

The control comprises a birthing room in which the de-
livery bed is centrally located and accessible from three
sides. Basically, it does not have any of the additional
features and equipment that the intervention room has.
However, some of the standard birthing rooms serving
as controls also contain a birthing stool, lengths of fabric
suspended from the ceiling (used by women in labour
for support) or a large exercise ball. For ethical reasons,
these birthing rooms will be left as they are, so as not to
lower the prevailing standard.

Participants and eligibility criteria
To be adequately powered, the RCT requires a sample
of (about) 3800 women (see Section 2.9). Primiparae and
multiparae of all ages with a singleton pregnancy in
cephalic presentation, between 37 +0 weeks to 41 +
6 weeks pregnant on admission to the OU, in active first
stage and intending to have a VB are eligible to partici-
pate in the study. Pregnant minors will be included if
their legal guardian agrees with their participation.
Pregnant women will be excluded if they are in the
active second stage, want a water birth or have limited
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ability to understand essential oral and written informa-
tion about the trial. Women will also be excluded if an
evidence-based risk exists for the woman or her baby,
i.e. pathological cardiotocography on admission (based
on the International Federation of Gynaecology and
Obstetrics’s FIGO score), if it is an emergency admission
or if there is an indication for CS according to the clin-
ical guidelines of the UK’s National Institute for Health
and Care Excellence [39]. The latter includes minor or
major placenta praevia, previously diagnosed morbidly
adherent placenta, women with human immunodefi-
ciency virus (HIV; under certain conditions), and women
with primary genital herpes simplex virus infection oc-
curring in the third trimester of pregnancy.

Recruitment and randomisation

Recruitment

Freelance midwives and obstetricians and gynaecologists
practising in the participating hospitals’ catchment areas
will be provided with written information (information
cards) about the study and asked to hand them out to
pregnant women in their care. The participating hospi-
tals will provide pregnant women with written material
about the trial and study participation (a brochure and a
poster) when they attend hospital antenatal courses or
book an appointment at the OU (see Table 1). After con-
firmation of their eligibility, pregnant women will (again)
be informed about the study, orally and in writing, and
asked to provide informed consent.

In the PLACE study [20], almost all women approached
agreed to participate. In another pilot study (BUMPES
trial [42]), a monthly enrolment of 15 women per OU
(25% of eligible women) was estimated to be a realistic
target. Applying the same calculations to this trial, an
enrolment of 3800 women in 12 OUs over the course of
23 months, allowing for the current significantly short
staffing in German hospitals, means that each OU would
be required to recruit an average of 14 women per month
(15.8% of 24,000 eligible women).

Randomisation
Only after confirmation of her eligibility and after pro-
viding informed consent at admission will a woman be
randomised by a midwife or obstetrician and receive an
ID code, provided the intervention birthing room and a
control birthing room are simultaneously available.
Randomisation is ethically acceptable as the birthing en-
vironment in both trial groups enables safe midwifery
and obstetric care. Individual randomisation is feasible
as women usually do not have a choice of which room
they will give birth in.

A detailed randomisation plan and lists have been gen-
erated by an independent statistician in advance [36],
based on the participating OU’s annual baseline rates of
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VB in 2016. Randomisation will be stratified by units (12
OUs) and parity (two strata, 1:1 per unit). Blinding of
either the participants or the attending staff is not
possible.

Randomisation will be centrally controlled and con-
cealed. In particular, randomisation will be performed
online in real time using a validated dynamic web appli-
cation provided by the independent Coordination Centre
for Clinical Trials (KKS) in Halle (Saale). Each OU will
be provided with an iPad with online access to the KKS
web application, to ensure that the attending midwife or
obstetrician does not need to use the hospital’s elec-
tronic devices. After noting the online assignment of the
participant to one of the two study groups, the attending
midwife or obstetrician will take the woman to the rele-
vant birthing room.

For the rare occasions when the randomisation tool is
not available, each OU will also be provided with sealed
emergency envelopes containing details of allocation ac-
cording to the randomisation list prepared by the KKS.
The envelopes are kept in a designated study folder in a
cupboard that is accessible only to those staff members
of the OU who are registered and entitled to carry out
randomisation. This ensures that randomisation of study
participants is always possible. The midwife or obstetri-
cian carrying out the randomisation is responsible for
retrieving the emergency envelope, filling in the forms
enclosed in the envelope with the randomisation partic-
ulars, signing them and sending them to the KKS by fax.
This ensures that KKS receives timely information about
the use of an emergency envelope. The KKS will send
the unit a replacement emergency envelope by registered
mail according to the randomisation list. To prevent
tampering, the envelopes must be used in a specified
sequence coded by the KKS, the forms containing
randomisation particulars must be signed and the
emergency envelopes will be regularly checked by the
monitors.

Data collection and outcome measures

The four data assessment points will be on admission
(¢o), during labour in the birthing room (¢;), on the post-
natal ward before discharge from hospital (t,), and at
3 months postpartum as a follow-up (¢3) (Table 1). For
the follow-up, the participants are asked to provide their
contact data and, if possible, the contact data of a sec-
ond person.

Baseline information (%), including psychosocial and
obstetric data, will be obtained from eligible and con-
senting participants prior to randomisation. The baseline
data include relevant prognostic factors (independent
variables), such as age, body mass index, parity, whether
labour is induced and previous CSs. Additionally, the
highest educational qualification, migrant background,
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number of pregnancies, current gestation, any premature
rupture of membranes and time of admission to OU will
be noted.

The attending midwives and obstetricians will docu-
ment primary, secondary and other endpoints during ac-
tive labour (first and second stages) and after the birth.
The primary outcome is VB (binary variable), including
both spontaneous VB and OVB. Key secondary end-
points, evidence-based and clinically highly relevant, are
epidural analgesia, episiotomy, third- and fourth-degree
perineal tears (all binary), and maternal self-determination
(continuous variable). The latter is the only variable
explaining variance in satisfaction with the birth experi-
ence [19], and will be assessed by the validated Labour
Agentry Scale [37]. Since there is no German version, the
10-item scale will be translated and culturally adapted.
It will be validated in a relevant sample of pregnant
women living in Germany during the preparation
phase of the trial.

Since previous trials used heterogeneous endpoints, an
additional key secondary outcome, the composite indica-
tor critical outcome of newborn at term (binary), will be
calculated (based on Apgar at 5 min, umbilical artery pH
and umbilical artery base excess). Nationally, these out-
comes constitute the indicator (ID 1059) for term new-
born in a critical condition [1]. Missing data for these
outcomes are unlikely, as they constitute routine data.

Other endpoints that will be assessed are the following:

Binary variables: Artificial rupture of membranes,
oxytocin labour augmentation, use of any analgesia,
mode of foetal heart monitoring, prolonged second stage
(>30 min or >60 min), blood loss >1000 ml, first- and
second-degree perineal tears, other tears to the genital
region, maternal transfer to an intensive care unit, ma-
ternal death, initiation of breastfeeding, joint discharge
of mother and infant from postnatal ward, any diagnosis
of health risks in the infant, seeking medical help from a
paediatrician or readmission to hospital.

Nominal variables: First, second, and third most fre-
quent maternal body positions during labour and birth
(as estimated by the midwife), mode of birth, serious
adverse events (SAEs; e.g. shoulder dystocia, placental
abruption, foetal acidosis, prolapsed chord, HELLDP, etc.),
use of the delivery bed and breastfeeding.

Ordinal variables: Fear of birth (six items [43-45]),
adverse events (e.g. pain associated with the perineum,
sutures, urination and defecation, breastfeeding, etc.),
self-rated health and postnatal depression (Edinburgh
Postnatal Depression Scale [38, 46]).

Continuous variables: Gestational age, expectations of
birth, severe labour pains, experience of birth, subjective
usefulness of the equipment in the birthing room, help-
fulness of the companion, birth weight, length of stay in
the birthing room and on the postnatal ward, infant
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regulation disorders (relating to crying, nutrition or
sleeping) and duration of breastfeeding. Early mother—
child bonding will be assessed with the Postpartum
Bonding Questionnaire [47],

Additionally, items pertaining to the costs of the inter-
vention and health-care utilisation costs after discharge
from hospital (e.g. frequency of medical consultations
and use of medication) and money spent on formula or
breastfeeding aids will be assessed by a health economic
evaluation [35]. Study participants will also be asked to
indicate how much they would be willing to pay for an
alternative birthing room if they were given the option
between a standard or an alternative birthing room.

After conclusion of the recruitment period, midwives
and obstetricians will be asked about their experience of
and job satisfaction pertaining to the care they provided
in the intervention and control birthing rooms (staff-
related outcomes).

Variables assessed at 3 months postpartum include the
Labour Agentry Scale, Edinburgh Postnatal Depression
Scale, Postpartum Bonding Questionnaire, duration and
extent of breastfeeding, maternal and infant health, in-
fant regulation disorders, items pertaining to cost of the
intervention and health-care utilisation costs, and will-
ingness to pay. As mothers are generally eager to report
on their birth satisfaction postnatally [48], a dropout rate
of only 10% at 3 months postpartum [40] is assumed.

Confidentiality and data security

At first contact (e.g. pregnancy counselling or booking
the birth) and on admission to the OU, eligible women
will be given oral and written information on the study
and their rights in terms of data protection and data
handling. The pregnant women will be asked for their
written consent regarding (a) participation in the study,
(b) confidential handling of their data by authorised
members of the study team and (c) use of their contact
data for the follow-up data collection at 3 months post-
partum. Both parents, or the respective legal guardian,
will have to give their consent for the use of the infant’s
data. Participants will also be given a further option of
providing consent for a secondary analysis of data within
the scope of bachelor’s, master’s or doctoral theses.
Study participants will receive a copy of the signed in-
formed consent while the original will remain in the
OU. All data will be documented in a case report form
(CRE), each of which will have a unique code to prevent
identification of participants (pseudonymisation) and
their allocation (to the trial arms). The list of codes iden-
tifying participants will remain in the OU.

Study participants will be informed about their rights
under the European General Data Protection Regulation
(GDPR), which was enacted on 25 May 2018. Partici-
pants will be informed that they can withdraw from the
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study at any time without giving a reason and with no
disadvantage to their care. Data recorded about a partici-
pant who withdraws will be deleted at her request.

Access by unauthorised third parties to the CRFs and
other data will be prevented by secure handling and
storage according to national legal requirements. After
the data have been validated in the OU, independent
monitors appointed by the sponsor will forward the
CRFs to KKS Halle by registered and insured postal de-
livery. KKS Halle will exclusively hold the list of code
numbers and the allocation to the control and interven-
tion groups. After data entry into a data management
system and second-look data entry and query manage-
ment, the paper CRFs will be stored in the medical
faculty’s archive for at least 10 years according to legal
requirements. After data analysis, the digital data will be
securely stored on the server of the Institute of
Health and Nursing Science, Martin Luther University
of Halle-Wittenberg. Only pseudonymised data will be
analysed, and our results will be published in aggre-
gated form.

The lists containing study participants’ contact data
will be forwarded by the monitors to the respective trial
centres (Martin Luther University of Halle-Wittenberg
for the eastern states and the University of Applied Sci-
ences Sciences (Hochschule fiir Gesundheit) in Bochum
for North Rhine-Westphalia), where they will be stored
securely. The trial centres will use the contact informa-
tion solely to send questionnaires (and reminders if ne-
cessary) to study participants at 3 months postpartum.
The contact information sheets will be destroyed imme-
diately after closure of the data collection period unless
consent for secondary data analysis was given.

Data capture and discrepancies
All data will be captured on paper-based CRFs at the
OU and transferred to KKS Halle for data management,
where the data will promptly be entered into a database.
A clinical data management system developed for
clinical trials (secuTrial®), which is compliant with good
clinical practice, will be used for data entry and query
management. All changes in data will be recorded by an
audit trail and the data will be saved daily. Data will be
electronically checked for plausibility and consistency in
a multistage procedure. If there are implausible or
missing data, the relevant OU will be asked to obtain
any missing information and to resolve inconsistencies.
The database is integrated into a general secure system
with a firewall and backup system. After completion of
data collection, data capture and quality checks, the
database will be closed and the data transferred to the
biometrician for statistical analysis.

Only after completion of the statistical analyses will
the data set be transferred to the trial sponsor, who will



Ayerle et al. Trials (2018) 19:641

keep securely it for 10 years based on national legal
requirements.

Statistical issues and sample size

To determine the rather modest intervention effect of
an absolute increase of 5% from an estimated baseline of
74% of VB, the following were noted:

(a) The rate of CSs in low-risk pregnant women is
lower than in all pregnant women, since about one
third of CSs are due to multiple births, breech
presentations and prematurity or are elective.

(b) The primary endpoint in this trial is VB, which also
includes OVBs.

(c) In sensitivity analyses, a risk ratio (RR) of 1.20
(95% confidence interval (CI) 1.05 to 1.38; two
trials, 240 women) was documented for a
spontaneous VB due to increased mobility and
upright body positions in the first stage, but there
was no statistically significant difference for OVB [6].

(d) An RR of 1.03 (95% CI 1.01 to 1.05) was found for
the likelihood of spontaneous VBs in alternative
birth settings, and an RR of 0.89 (95% CI 0.79 to 0.99)
for the likelihood of OVBs (8 trials; # = 11,202) [14].

As the RR of 1.20 (see (c) above) for a spontaneous VB
was calculated based on only two trials with a total of
240 women, we decided on a more conservative increase
in the probability of VBs of 5%, i.e. from a baseline of
74% to 79%, corresponding to an RR of 1.07. This takes
into account that the increase is more likely to be mod-
est in those OUs where the rate of VBs is already higher.
In addition, a smaller effect may be expected due to con-
tamination bias if the same staff care for women in both
trial groups.

Using a two-sided Fisher’s exact test, a sample of 3440
women would be required to detect a change of 5
absolute percentage points (from 74% to 79%) in the
prevalence of VB (primary outcome) with a power of
90% (a significance level of 5%, assuming a dropout rate
of 10%). The sample size has been enlarged to 3800
women to ensure there is sufficient power if there are
deviations from the planning assumptions, e.g. increased
dropout rates or different baseline rates in OUs recruited
to replace study sites that prematurely withdraw from
study participation.

Data analysis

Characteristics of the OUs (centres), study participants
and outcomes are described separately for the interven-
tion and control groups (depending on their distribu-
tion) using frequency tables, estimated probabilities, 95%
CI, means + standard deviations and percentiles. The
analysis performed is intention to treat. In the primary

Page 9 of 13

analysis, the probabilities of a VB in the intervention and
control groups are compared by Fisher’s exact test using
a significance level of 5%. The risk difference and 95%
CI are estimated. Additionally, randomised women with
missing data in the primary outcome (e.g. dropouts) will
be compared to the analysis set with respect to available
characteristics, including statistical tests depending on
their distribution (Fisher’s test, t-test or Wilcoxon rank
sum test).

Sensitivity analyses for missing values will be per-
formed in the full intention-to-treat population by mul-
tiple imputation, including adjustment for centre effects
using logistic regression models with dependent variable
VB (yes/no), random effects centre and intervention
(versus control) as independent variable (reference for
generalised linear mixed models [48]). A further logistic
regression model will include an additional random
effect of the interaction centre*intervention to adjust for
possible centre effects on the intervention effect.

The following variables will be classified and included
as independent variables in the logistic regression
models above (with and without interaction with inter-
vention) to investigate the role of potential clinically
relevant prognostic factors which include: annual base-
line rates of VBs of participating OU, age, body mass
index, parity, induction of labour with allopathic medi-
cine on admission to birthing room and fear of
childbirth.

Five binary, log-normally and ordinally distributed
secondary outcomes will be compared between the
intervention and control groups by Fisher’s test, ¢-test
(after a log-transformation if necessary) and Wilcoxon’s
test. Multiple testing (five tests) will be adjusted by the
Bonferroni method using a reduced significance level
of 1%. No imputation is planned for the secondary
outcomes.

All tests are two-sided unless otherwise stated. No
interim analyses are planned, with the exception of a
descriptive analysis to ensure safety (Section 2.11).

Subgroup analysis
Subgroup analyses are planned for two parity strata
(primiparae and multiparae) and the primary outcome
(VB). Subgroup analyses will be performed with respect
to the primary outcome using logistic regression ana-
lyses. The primary outcome is the dependent variable.
Centres are random effects. Independent variables are
intervention versus control, subgroup indicators, and the
interaction between subgroup and intervention/control.

An additional model including previous CSs as a fur-
ther independent variable will be fitted in the subpopula-
tion of multiparae only.

The whole analysis will be repeated as a per protocol
analysis on the subpopulation after exclusion of
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participants with protocol violations (expected to be
about 10%) or missing values in the primary outcome.

Health economics evaluation

As part of the trial, a cost-effectiveness analysis and a
cost—benefit analysis will be performed from two per-
spectives: that of the statutory health insurance and that
of the clients (mother and infant) [49]. The analysis to
estimate the cost-effectiveness of the intervention in
terms of additional costs per additional VB will be per-
formed by calculating an incremental cost-effectiveness
ratio, i.e. the ratio of the difference in costs between the
intervention group and the control group divided by the
difference in the number of VBs. The effect parameter is
the primary outcome and will be taken from the trial.
The cost—benefit analysis will relate associated costs to
participants’ willingness to pay for the use of a rede-
signed birthing room (such as the intervention room).

Cost parameters will be collected on the postnatal
ward before discharge from hospital (£,) and at 3 months
postpartum (t3). Heath utilisation costs for both mother
and baby will be considered, in particular, those related
to birth, postpartum health care, hospitalisations (child)
and doctor visits (mother and child). Moreover, medica-
tion, household help, breastfeeding aids and baby food
will be assessed by a questionnaire. Resource use associ-
ated with the intervention, i.e. equipment in the birthing
room, will be derived from the study documentation.
Costs explicitly associated with study conduct, such as
data collection or process evaluation, will not be taken
into account.

Statistical analyses will be based on intention to treat.
Mean differences between intervention and control
groups for costs and effects will be calculated. The 95%
CIs will be obtained parametrically for the incremental
cost-effectiveness ratio according to Fieller’s theorem
and non-parametrically by a bootstrap procedure [50].
Univariate and probabilistic sensitivity analyses will be
performed to estimate the robustness of the incremental
cost-effectiveness ratio. Additionally, a budget impact
analysis will estimate the financial consequences for the
statutory health insurance in case the programme proves
to be cost-effective [51, 52].

All statistical analyses will be done by an independent
statistician.

Benefits, burden and safety

Women in labour will not be able to participate in
the study if both birthing rooms required for ran-
domisation are not available. Women with a prefer-
ence for a particular birthing room will have only a
50% chance of being randomised to it. However,
women do not usually get to choose their birthing
room. In any case, women will receive midwifery and
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medical care according to hospital standards. Her
partner or companion can be involved in supporting
the woman in any birthing room.

There are indications of benefits for pregnant women
assigned to the intervention group:

- The intervention is in accordance with women’s
desire for a more home-like environment for their
birth. It offers options for various body positions and to
move around, allows them to relax and may improve
their well-being.

- There is evidence that greater mobility and longer
periods of being upright in labour result in a significantly
decreased probability of episiotomy and epidural analgesia.
- There is evidence that a VB will result in significantly
improved client-centred outcomes, such as maternal
satisfaction.

The following burdens might be experienced on being
assigned to the intervention group:

- Continuous foetal heart monitoring may be difficult
to achieve in various positions, even if telemetry is
used. If necessary, the beanbag, a chair or the mattress
could be used for intermittent monitoring or auscultation.

The necessary equipment for women and newborns
will be readily available in the event of an emergency. If
foetal scalp blood sampling or an OVB become ne-
cessary, the screen or curtain can be removed from
the birthing bed or the delivery bed can be wheeled
into the room.

All AEs and SAEs will be documented in the CRF and
validated in 100% of cases, including third- and
fourth-degree perineal tears, blood loss >1000 ml, the
composite indicator newborn health, serious maternal
morbidity (e.g. amniotic fluid embolism) and serious
obstetric complications (e.g. shoulder dystocia).

Participants face few foreseeable risks from the inter-
vention. However, to ensure client safety, the following
measures are planned. KKS Halle will forward the fre-
quencies of AEs and SAEs at three points during recruit-
ment (when 25%, 50% and 75% of the total sample have
been recruited) to the independent data and safety mon-
itoring board (DSMB). This list will detail the incidence
per OU for the two comparison groups without revealing
the identity of the study groups. The DSMB will also
compare incidence with national and regional preva-
lence, and decide on appropriate measures. This process
will be documented in writing.

Involvement of users
Five women’s advocates — representatives from the (i)
Federal Initiative to Safeguard Mother and Child during
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Pregnancy, Birth, and First Year of Life (Mother Hood
e.V.), (ii) the Society for Antenatal Preparation, Family
Education and Women’s Health (GfG e.V.), (iii) Doulas
in Germany (Doulas in Deutschland e.V.) and the (iv)
Association of Women’s Health in Medicine, Psycho-
therapy and Society (AKF e.V.) — have been involved in
the preparation of the study. Their role has been to rep-
resent the views and concerns of women in labour [53].
They have been consulted on decisions concerning
recruitment material, alternative designs of the birthing
room, and the participant information sheet and in-
formed consent forms. Two advocates also serve as
members of the advisory board. They will receive an
allowance to cover their expenses and travel costs, in
recognition of their involvement and to maintain their
commitment.

Trial oversight

An independent quality management auditor (QMA-
TUV) will audit the compliance of the OUs with the
study protocol in pre-trial visits as required by the fund-
ing agency (the Federal Ministry of Education and
Research, or BMBF). The auditor, Martina Schliiter-
Cruse, is a midwife and research fellow of the University
of Applied Sciences, Osnabriick, Germany.

The advisory board has seven members with various
backgrounds from Germany and Canada: academic
education and research in midwifery, obstetrical clinical
practice in hospitals and two women’s advocates. They
will advise the study team on challenges and solutions.

The DSMB consists of five professionals from univer-
sities in Germany and New Zealand: two clinician/re-
searchers, two researchers (both in midwifery, obstetrics
and health care), and one social psychologist with special
expertise in statistics. They are independent of the trial
team, funding agency and sponsor. At three points in
time (when 25%, 50% and 75% of the total sample have
been recruited), they will review the rates of AEs and
SAEs. The DSMB can discontinue the trial if (after
de-blinding) there is a decidedly higher incidence of
SAEs (compared with international and national aver-
ages) in the intervention group.

Discussion

This trial is of interest to service users, providers of ma-
ternity care, heads of service, academics and researchers.
Therefore, the trial and its results will be reported in
international peer-reviewed journals, national midwifery
and obstetric journals, regional newspapers, and at na-
tional and international conferences.

If the intervention proves effective, it can be translated
into routine practice at a modest cost and minimal bur-
den to staff. Moreover, nationwide implementation could
allow an additional 21,000 women per year to experience
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a VB instead of a CS. Other expected benefits for women
in labour and mothers are increased self-determination
during labour, fewer medical interventions, improved
client-centred outcomes, fewer CSs in subsequent preg-
nancies and possibly lower health-care costs.

Trial status

The RCT was registered with the German Clinical Trials
Register (Deutsches Register Klinischer Studien) on 7
March 2018, registration number DRKS00012854. The
assigned universal trial number is U1111-1204-0964.
Additional file 2 lists all items from the World Health
Organization Trial Registration Data Set. This protocol
is based on version 4 of 7 June 2018. Recruitment of
study participants started on 2 April 2018 and will
continue until February 2020.

Additional files

Additional file 1: Figure S1. SPIRIT 2013 checklist indicating the location
of items addressed in the trial protocol [54]. (PDF 130 kb)

Additional file 2: Figure S2. Summary of items from the World Health
Organization Trial Registration Data Set. (PDF 129 kb)
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