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ABSTRACT

Introduction: In the last decade, there has been an increased interest in ex-

ploring the impact of the physical birth environment on birth outcomes. The birth environment might have an important role in facilitating the production of the
hormone oxytocin that causes contractions during labour. Oxytocin is released in a safe, secure and confidence-inducing environment, and environments focused on
technology and medical interventions to achieve birth may disrupt the production of oxytocin and slow down the progress of labour. An experimental “birth
environment room” was designed, inspired by knowledge from evidence-based healthcare design, which advocates bringing nature into the room to reduce stress.
The purpose is to examine whether the ‘birth environment room’, with its design and decor to minimise stress, has an impact on birth outcomes and the birth
experience of the woman and her partner.

Materials and methods: A randomised controlled trial will recruit 680 nulliparous women at term who will be randomly allocated to either the “birth environment
room” or a standard room. The study will take place at the Department of Obstetrics and Gynecology at Herning Hospital, with recruitment from May 2015.
Randomisation to either the “birth environment room” or standard room takes place just before admission to a birth room during labour. The primary outcome is
augmentation of labour, and the study has 80% power to detect a 10% difference between the two groups (two-sided a = 0.05). Secondary outcomes are duration of
labour, use of pharmacological pain relief, mode of birth, and rating of the birth experience by women and their partners.

Trial registration: NCT02478385(10/08/2016).

Article summary augmentation of labour.
e Only nulliparous women in spontaneous labour at term are included
Article focus in the study, which limits the possibility to generalise the results to

multiparous women or women in preterm labour.
e The production of oxytocin, that causes contractions during labour,

may be disturbed in environments focused on technology and 1. Introduction
medical interventions.
® This study will examine how a physical birth environment, designed 1.1. Background and rationale
to reduce stress, affects the outcome of labour and the birth ex-
perience of women and their partners. There is no doubt that maternity care practices need to be based on
evidence ensuring safety for mother and child. Many initiatives have
Strengths and limitations of this study been implemented over the past 30 or more years to increase the safety
of childbirth, for example the ability to perform an emergency cae-
e This randomised controlled trial is the largest of its kind and is sarean within 30 min and interdisciplinary team training in acute si-
adequately designed to study the effect of birth environment on tuations [1,2]. We do not question the importance of relationships in
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maternity care practice which has led to the implementation of dif-
ferent models of care including caseload midwifery with its focus on
continuity of care and carer [3,4].

This study is based on the hypothesis that the environment for birth
needs greater attention to improve some of the existing challenges in
modern obstetric practice. The main focus is the increasing use of
augmentation during labour. The use of synthetic oxytocin has become
a normal part of obstetric practice in uncomplicated nulliparous women
with a spontaneous onset of labour [5]. In Scandinavian countries, the
rate of augmentation in nulliparous women has reached 50% [6-8]
with similar rates reflected in many other industrialised countries
[9,10]. Use of synthetic oxytocin has severe side-effects, including
hyper-stimulation, which may cause fetal distress and operative de-
livery [11-13].

Knowledge from evidence-based health care design has grown ra-
pidly in the last decade, supporting the argument that more knowledge
is needed about the effect of the design of the birth environment and
design in hospitals in general [14,15]. Research from Australia and
England have shown that the birth environment does not only have an
impact on the birth experience and birth outcomes for women and
neonates, but also on the woman's birth supporters and maternity care
staff [15-21].

It has been hypothesised that the design of the birth environment
may influence birth outcomes by altering the release of particular
neuro-hormones during labour if the space is perceived as highly
stressful [21]. Birth is a complex process dependent on the release of
the endogenous hormone oxytocin to induce contractions. In labour,
endogenous oxytocin also increases the pain threshold and has an an-
xiolytic effect [22]. However, few experimental studies have been
performed to evaluate whether the birth environment has an impact on
birth outcomes. Results from three randomised controlled trials in-
dicate that the birth environment may affect duration of labour, pain
intensity, and use of augmentation, but sample sizes were small, and
further adequately powered trials are needed [17,23,24].

The aim of this study is to examine whether a birth room using an
immersive decor carefully designed to minimise stress has an impact on
the outcome of labour and the birth experience of the woman and her
partner.

1.2. Primary hypothesis
For women labouring and birthing in “the birth environment room”,
use of synthetic oxytocin to augment labour is lower than in women
labouring and birthing in a standard room.
1.3. Secondary hypotheses
Giving birth in the “birth environment room” is associated with:
e Shorter length of labour.
e Lower use of epidural analgesia.
e More uncomplicated vaginal births
® An optimized better birth experience of the woman and her partner
e Higher rate of breastfeeding 6 weeks post-partum
2. Materials and methods
2.1. Design
This study is a randomised controlled trial with two study arms,
comparing birth outcomes between “the birth environment room” and a
standard birth room.

2.2. Setting

The study will take place at the Department of Obstetrics and
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Gynecology at Herning Hospital, Denmark with recruitment from May
2015 to March 2018. The Obstetric Department is a specialized unit
with 2500 births per year.

Before the start of the study, all midwives at the Obstetric Unit re-
ceived a one-hour introduction to the project. Midwives subsequently
employed are introduced to the study by project personnel and a 20-
min film describing the study and recruitment procedure.

2.3. Participants and eligibility

A total of 680 women will be included according to the following
criteria:
Inclusion criteria:

o Nulliparous women with a spontaneous onset of labour and a baby
in head-down (vertex) position

e Singleton pregnancy

e Maternal age of at least 18 years

o Gestational age between 37 and 42 weeks

Exclusion criteria:

e Lack of consent
e Women with no or little ability to understand and speak Danish

2.4. Recruitment

The midwife informs eligible woman about the study at the regular
antenatal visit at 28 weeks gestation. The woman and her partner re-
ceive an information sheet and a consent form and are invited to bring
the papers to the next visit at 35 weeks gestation. At this visit, the
midwife asks the woman and her partner to complete the consent form
if they are willing to participate and bring it to the labour ward. She
makes sure that there are no remaining questions about the details of
the study. A flowchart of the process is shown in Fig. 1. The in-
vestigators are not a part of the recruitment process.

2.5. Randomisation

The woman and her partner are randomised to either the “birth
environment room” or standard birth room at the time of arrival at the
birth unit. The woman and her partner are not told whether the birth
environment room is free when they contact the maternity ward as
randomisation is only performed if both a standard birth room and the
“birth environment room” are available. The midwife, who welcomes
the couple to the birth unit, completes a questionnaire to ensure that
the woman meets all inclusion criteria before randomisation. The la-
bour onset has to be spontaneous but the woman does not need to be in
active labour at the time of randomisation. When the woman arrives at
the birth unit, the midwife assesses whether labour is established and
contractions are progressive. If both rooms are available she can be
randomised, after informed consent.

Randomisation occurs in a series of blocks of 40 using sequentially
numbered opaque envelopes. Randomisation is carried out as the
midwife opens the next sequentially numbered sealed opaque envelope.
The envelope contains a sheet of paper specifying allocation to either
"birth environment room" or standard labour room. Immediately after
randomisation, the woman and her partner are admitted to the allo-
cated room where they stay throughout labour, birth of the baby, and
the first hours afterwards.

Midwives who enroll participants in the study are not aware of the
randomisation sequence. A checklist has been made listing the numbers
on the envelopes with information about allocation. After the trial, the
investigator will ensure that the randomisation procedure was fol-
lowed.



L Lorentzen, et al.

Regular visit to the
midwife in gestation
week 28

Regular visit to the
midwife in gestation
week 35

Arrival at the Birth Unit
for delivery
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Fig. 1. Study flowchart.(Single column fitting image).

2.6. Blinding

It is not possible to blind the midwife, the woman or her partner to
the allocated room. Birth outcome data are recorded by the attending
midwife on a specially designed data form. Questionnaire data are
entered into the database by a research assistant blinded to group al-
location. The statistician who will undertake the data analysis is
blinded to group allocation.

To prevent high expectations of the “birth environment room” and
disappointment if the woman and her partner are allocated to a stan-
dard birth room, no pictures from the birth environment room appear
on the health service website or in the information sheets given to the
woman and her partner. The information sheet informs participants
that the study aims to examine whether the environment has an impact
on labour, but does not describe different kinds of birth environments.

2.7. Design of the intervention

2.7.1. The standard birth room

At the birth unit, there are five standard birth rooms, all having
similar décor. As indicated in Figs. 2 and 3, each room is 55 square
meters and contains equipment such as a cardiotocography and in-
travenous pole. All rooms have a birth pool and an ensuite bathroom
with toilet and shower. The rooms also include chairs for the woman,
her partner and the midwife. The labour bed is placed in a central
position, which enables a fast exit in case of an emergency. Next to the
labour bed is a lounge chair for the woman's partner. The resuscitation
table for the newborn is placed on the opposite side of the labour bed.
There is a compact disc player available in the room, and compact discs
with quiet music are available at the birth unit. The woman and her
partner can also choose to bring their own compact discs.
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Fig. 2. Standard birth room, showing the adjustable height birth pool and a
birthing chair positioned beside the window. In the right side of the picture is a
workplace for the midwife.(2-column fitting image).

Fig. 3. Standard birth room showing the labour bed and chair for the partner.
At the opposite side is the resuscitation table for the newborn. (2-column fitting
image).

2.7.2. The “birth environment room”

The major differences between the birth environment room and a
standard birth room are the use of wood material, non-clinical furniture
that is home-like and the projection of nature scenes on the walls.
Below follows a description of the design process and the features of the
room.

The process of designing and rebuilding one of the existing birth
rooms took place during 2014. An interprofessional design team in-
cluding midwives, a zookeeper, a design psychologist, a wellness ex-
pert, a game developer, an architect and a theatre set-designer met for
two workshops to inspire and create new ideas for the design and décor
of a birth environment room of the future. Each came with the views of
their own profession on what was important to take into account in the
design and decor of the room. The workshops brought forth a number of
different perspectives and understandings of birth, and together with
knowledge from research literature about healing architecture and the
effect of oxytocin, four important principles emerged: the room has to
be home-like and to bring nature into the room; it has to promote the
partner's active support role and the woman's mobility during labour,
and it has to be flexible, so it is possible for the couple to create and
personalise their own birth environment on arrival, during labour, and
during the birth of their infant (Link: Video birth environment room).

Supplementary video related to this article can be found at https://
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A main principle in the design of the room was not to make any
compromises as far as security and safety are concerned. This means
that any emergency procedures can be performed as fast and easy as in
all other birth rooms.

In the development of “the birth environment room of the future”, it
was necessary to rethink and challenge existing design practices. New
solutions were found to bring plants and nature-based materials into the
room and still comply with hygiene requirements. During the design
process a specially designed double-sized mattress was developed
which was covered by a number of pillows to allow changing the bed to
a sofa or a nest for the woman. The textile used to cover the sofa and the
pillows differs in texture from clinical hospital furniture textiles.

An innovative, interactive, digital projection system was developed
by a specialist in light, sound and video design to transform the am-
biance/atmosphere of the birth room. The system is operated by an
iPad that the couple can easily use without introduction. Four projec-
tors in the ceiling simultaneously project a scenic nature “movie”, onto
three walls of the room. The couple can choose any of four scenarios: a
‘forest winter landscape’, ‘beach with waves’, ‘forest springtime’, and
‘forest autumn’. Two of the movies also include sounds from nature.
Music for relaxation from “MusiCure” provides the background in the
other two movies [25]. It is also possible for the couple to bring their
own music and play it on the sound system in the room. The woman
and her partner design their own birth setting by choosing a persona-
lised relaxing atmosphere through sound, light and nature scenes.

The projection of nature scenes may provide the illusion and ex-
perience of being in the middle of nature; in a snowy landscape, in a
forest with leaves falling from the trees, on a beach with crashing
waves, or in the beech forest in spring with wildflowers and baby an-
imals. The woman and her partner can match the scenes to the stages of
labour, dependent on the need for hard work or relaxation, including
turning them off. The nature scenes have been developed on the
Snoezelen principle. The Snoezelen concept derives from Holland and
combines the two words: “snuffelen” and “doezlen” that means to sniff
and to doze off. The goal is to deliver stimuli to various senses by
adapting the lighting, atmosphere, sounds, and textures to the in-
dividual needs of the labouring woman and her partner at the time of
use [26].

The “birth environment room”, which is 39 square meters, is furn-
ished with modern tables, lamps and chairs as indicated in Figs. 4 and
5. The cardiotocography and intravenous pole are placed outside the
room. The room is divided into three different zones — a wellness zone,
an active zone, and a birth zone. In the wellness zone, the birth pool has
a central position. In this zone, there are also hot-stones, massage oil
and a small table for drinks. The birthing ball is beside the birth pool.

Fig. 4. The “birth environment room” showing the nature scene projected onto
three walls. This is the active zone. (2-column fitting image).
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Fig. 5. The “birth environment room” showing the standard labour equipment
in the background and the adjustable height birth pool in the foreground. (2-
column fitting image).

Located in the active zone is a double-sized sofa. It is possible to adjust
the height of the sofa so the woman can lean across it in an upright
position.

The labour/birth bed is located in the last zone, the birth zone, with
the standard bed in the same position as in the five standard birth
rooms. The labour bed is covered with a blanket until needed, nudging
the woman to not choose a lying down position from the start of her
labour. The resuscitation equipment for the newborn is placed next to
the bed. On the other side of the bed is a bar stool, so that the partner
can be in an upright and high position next to the woman during the
second stage of labour if this occurs on the bed. Next to the bed, a
”partner's cupboard” is located, containing face cloths, vomit-bags,
water glasses and straws, with an invitation to use freely in response to
the woman's needs.

2.8. Outcome measures

2.8.1. Primary outcome

The primary outcome of this study is augmentation of labour, and is
measured as the proportion of women who are augmented during la-
bour (defined as the need for synthetic oxytocin infusion because of
dystocia/slow progress in labour). Cervix dilation at the time of aug-
mentation is also measured. See Table 1 for details.

2.8.2. Secondary outcomes

Length of labour is measured as time spent at the birth unit from
randomisation to birth of the baby. Cervix dilation is measured when
the woman enters the birth room to determine any difference in the two

Table 1
Timing and source of data collection for primary and secondary outcomes.

Immediately 1 week after birth 6 weeks after
after birth birth

Primary outcome
Use of oxytocin for
dystocia
Secondary outcome
Length of labour
Use of pain relief
Uncomplicated birth
The woman's birth
experience
The partner's birth
experience
Breastfeeding
duration

Medical record

Medical record
Medical record
Medical record
Questionnaire

Questionnaire

Questionnaire
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groups regarding labour progress at the time of randomisation.

Use of pain relief during labour is measured as the proportion of
women receiving epidural anesthesia, inhalation analgesia, morphine,
acupuncture, transcutaneous electrical nerve stimulation and birth pool
for labour pain.

Number of uncomplicated vaginal births is measured as the pro-
portion of uncomplicated births in the two groups, defined as a spon-
taneous birth without episiotomy, estimated bleeding less than
1000 ml, no 3rd or 4th degree perineal lacerations, and an infant with
Apgar score > 9 after 5 min.

The woman's birth experience is measured by the WOCCA ques-
tionnaire [27]. The WOCCA is a validated 15-item questionnaire with a
6-point Likert scale evaluating the woman's birth experience. The
questionnaire evaluates the birth experience including questions about
satisfaction with care, support, presence of midwife, information,
feeling of being listened to, attentiveness towards psychological needs
and birth wishes, participation in decision making, usefulness of sug-
gestions for pain relief, support for partner, support from partner, and
loss of internal and external control. It is an electronic questionnaire
sent to the woman 6 weeks after birth of the baby.

The partners' birth experience is measured by an adjusted version of
the WOCCA questionnaire, sent as an electronic questionnaire to the
partner 1-2 weeks after birth. Before using the adjusted questionnaire,
a validation study was carried out, interviewing 5 partners 1-7 days
after birth. The partner's questionnaire contains 15 questions about the
birth experience of the father, including satisfaction with care, support,
presence of midwife, information, feeling of being listened to, atten-
tiveness towards psychological needs and birth wishes, participation in
decision making, usefulness of suggestions for pain relief, support for
partner, support from midwife, and loss of internal and external con-
trol. Duration of breast-feeding 6 weeks post partum is measured by
additional questions in the electronic questionnaire sent to the woman
at this point in time. The woman is asked if she is still full or partly
breastfeeding or if she is not breastfeeding anymore.

The questionnaires to the woman and her partner also include
questions about level of education and civil/marriage status. They are
also asked if they had any preferences for type of labour/birth room
before enrollment, and if this preference was important for them after
they entered the allocated room. For the couples allocated to the birth
environment room, four additional questions about the nature scenes
and music were added.

2.9. Data collection and management

Data are collected from a questionnaire completed by the attending
midwife together with information from the hospital records and from
postpartum questionnaires about birth experience completed by the
woman and her partner. Printed Case Report Forms are used to record
data whereafter data are entered into an electronic database (www.
survey-xact.com).

Data are anonymised using a study identity number. Variables that
might identify individuals will only be accessible by the midwives who
enroll participants and by the primary investigator of the study.

2.10. Statistical methods

2.10.1. Power calculation

The sample size calculation is based on the primary outcome mea-
sure, augmentation of labour. Using a 2-sided alpha of 5%, 328 women
should be included in each group to have a power of 80% to detect a
difference of 10% in the proportion of women who receive augmenta-
tion. With drop-out in mind, we increased this sample size to 680.

2.10.2. Data analysis
Data will be analysed according to the intention-to-treat principle.
The statistician will be blinded to group allocation until the completion
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of the analysis. Descriptive statistics will be used to examine baseline
characteristics of the participants. If there are any differences in the two
groups regarding confounding variables such as age, body-mass index
or smoking status, these will be adjusted for in the analysis using a
logistic regression model. Also, it will be possible to control for level of
cervical dilation at time of randomisation, and the number of midwives
responsible for the woman's care from randomisation to birth of the
baby.

Continuous data will be analysed using the t-test for normally dis-
tributed data and Mann-Whitney U test for not normally distributed
data. Categorical data will be analysed using chi-square test. The sig-
nificance level will be set at P = 0.05. Depending on the number of
missing data, imputation of missing values may be carried out and
added to the data set in a supplementary analysis. Details of all women
who meet the inclusion criteria but who do not participate in the study
will be collected to describe the reasons for non-participation.

3. Discussion

One of the strengths of this study is the randomised design.
Moreover, all midwives employed at the research site have received
training in the use of the newly built “birth environment room” and are
aware that there is no difference in the standard of care available for
women in either the standard or experimental room. Four months be-
fore the start of the study, the room was used for as many birthing
women as possible, to ensure that the midwives were familiar with the
room. Great effort has been made to minimise any subject-expectancy
effect. Therefore it is not possible to find pictures of the room on the
hospital website, and the information sheet given to the couple is de-
scribed in a neutral way to avoid high expectations of the “birth en-
vironment room” before randomisation. Furthermore, the midwives are
aware of having the same positive attitude during the randomisation
procedure regardless of allocation.

Women allocated to the study are nulliparous, in spontaneous la-
bour at term with a singleton pregnancy in the head down position.
These inclusion criteria were chosen to ensure that women are as
comparable as possible. This selection of participants may limit the
possibility to generalise the results of this study to multiparous women
or women in preterm labour.

The use of a validated questionnaire (WOCCA) to measure the wo-
man's birth experience is a strength of the study. The questionnaire has
already been used in a Danish setting and no translation of the ques-
tionnaire was necessary. The questionnaire was tested for validity
during pilot studies including test-retest reliability (Spearman coeffi-
cient, 0.95 for birth experience and between 0.8 and 1 for all other
questions). Chronbachs alpha for internal consistency was 0.963
(missing data less than 1%) [24].

A potential limitation of the study is the use of a revised version of
the WOCCA questionnaire to evaluate the partner's birth experience.
However, we found that with only a few changes the WOCCA ques-
tionnaire for women included the relevant content that we intended to
measure in their partners. An expert group, including the first author of
the WOCCA, was involved in the revision. Validity testing included
interviewing five partners who completed the questionnaire within one
week after birth. Small changes were made after these interviews, and
the final version was approved by the expert group.

Ethics and dissemination

The study was reported to the local scientific ethical committee and
in accordance with the Declaration of Helsinki. The study was granted
exemption from requiring ethical approval by the Ethical committee
(Reference number: 247/2014). The study has been reported to the
Danish Data Protection Agency (reference number: 1-16-02-34-15) and
the clinical trials registration website of the National Institutes of
Health (NCT02478385).
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Board Name: The Central Denmark Region Committees on Health
Research Ethics Board Affiliation: The Central Denmark Region
Committees on Health Research Ethics. Phone: +45 7841 0182. Email:
komite@rm.dk.

Details of funding

This research received no specific grant from any funding agency in
the public, commercial or not-for-profit sectors. The study is financed
by the Department of Obstetrics and Gynaecology at Herning Hospital.
Ann Fogsgaard is director of the Department of Obstetrics and
Gynaecology and also co-author. Ann Fogsgaard has no authority to
influence publication of the study findings and is independent of the
statistical analysis.

Patient involvement

Patients were involved in the design process of the birth environ-
ment room and also in the revision of the WOCCA questionnaire eval-
uating the partner's birth experience. The research design was com-
pleted without patient involvement and patients were not invited to
contribute to the writing or editing of this document for readability or
accuracy.

Consent to participate

When the woman and her partner decide to participate in the study,
they complete a written consent form. The consent form is kept together
with their data. They are informed that refusal to participate in no way
will influence their care. They may withdraw at any time without any
consequences for them. The couple is anonymous in the reported ma-
terial and none of the health professionals responsible for the care are
aware of the answers given in the questionnaires.

Consent for publication

The study findings will be presented at international conferences,
published in peer-reviewed journals, and communicated to healthcare
professionals and the layman press.

Data sharing

We did not plan for the dataset to be shared when the study protocol
was developed. Therefore, we have not obtained consent from the study
participants to share the data. Thus, the data will not be shared.
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