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ARTICLE INFO ABSTRACT
Keywords: Background: There is limited research into the effects of the birth environment on birth outcomes.
BE-UP Aim: To investigate the effect of a hospital birthing room designed to encourage mobility, self-determination and

Birth environment

uptake of upright maternal positions in labour on the rate of vaginal births.
Vaginal birth

Upright position Methods: The multicentre randomised controlled trial Be-Up, conducted from April 2018 to May 2021 in 22

Midwifery care hospitals in Germany, included 3719 pregnant women with a singleton pregnancy in cephalic position at term. In

RCT study the intervention birthing room, the bed was removed or covered in a corner of the room and materials were
provided to promote upright maternal positions, physical mobility and self-determination. No changes were
made in the control birthing room.
The primary outcome was probability of vaginal births; secondary outcomes were episiotomy, perineal tears
degree 3 and 4, epidural anaesthesia, “critical outcome of newborns at term”, and maternal self-determination
(LAS). Analysis: intention-to-treat.
Findings: The rate of vaginal births was 89.1 % (95 % CI 87.5-90.4%; n = 1836) in the intervention group and
88.5 % (95 % CI 87.0-89.9 %; n = 1863) in the control group. The risk difference in the probability of vaginal
birth was + 0.54 % (95 % CI — 1.49 % to 2.57 %), the odds ratio was 1.06 (95 % CI 0.86-1.30). Neither the
secondary endpoints nor serious adverse events showed significant differences. Regardless of group assignment,
there was a significant association between upright maternal body position and maternal self-determination.
Conclusion: The increased vaginal birth rates in both comparison groups can be explained by the high motivation
of the women and the staff.

positions during labour were found to be methodologically weak.
According to qualitative studies, women value a hospital birth
environment which supports an individual and self-determined
birth process.

Statement of significance

Problem

. . . . . What this paper adds
High rates of caesarean sections worldwide are associated with

risks to women’s and children’s health.
The well-powered study “Be-Up: Active Birth” found that - in
comparison with the control - the effect of alternatively designed
birthing rooms in hospitals on the likelihood of vaginal births
could not be confirmed. More frequently used upright maternal
Intervention studies evaluating the effect of upright maternal positions were significantly associated with a more positive
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maternal birth experience.

1. Introduction

Worldwide, caesarean section (CS) rates have increased in recent
decades. In Latin America, 43 % of children are born by CS, and in some
countries, such as Brazil, even more than 50 %. In 2030, the highest rates
are expected in East Asia (63 %), Latin America and the Caribbean (54
%), Australia and New Zealand (45 %), among others [1]. In 2015, the
average total CS rate in Europe (27 EU Member States plus Iceland,
Norway, Switzerland and the UK) was between 16.1 % (Iceland) and
56.9 % (Cyprus) [2]. In Germany, the overall CS rate was 32.2 % in 2020
[3], the CS rate for births of “singleton cephalic in a regular cranial
position, > 37 weeks” remained relatively constant between 2017 and
2020 (2017 = 24.7 % [4]; 2020 = 25.1 % [3]).

CS are associated with increased risk for short and long-term effects
on the health of women and children [5,6], therefore avoiding CS is
assigned particular importance. Initiatives to promote physiological
birth and to provide a safer and more needs-based birth environment
have been taken in Canada [7] and Australia [8]. Much like the aims of
the Coalition for Improving Maternity Services [9], guidelines focus on
adapting the birth environment to support needs-oriented maternal
body position as well as to give women more control with a view to
achieving a vaginal birth [10]. The international interdisciplinary
Global Birth Environment Design Network (established in 2018) also has
the aim of advancing “better designed birth environments” [11]. Ac-
cording to Germany’s National Health Goal “Health around childbirth”
[12] measures should be taken in hospitals to enable more women to
give birth physiologically. In 2017, in the conception stage of the Be-Up
trial (“Birth environment - Upright positions”), we searched databases
for studies on birth environment. Three systematic reviews addressed
maternal upright position and mobility (compared with conventional
care) in the first and second stages of labour [13-15]. Walking and
upright positions in the first stage of labour reduced the likelihood of CS
and epidural anaesthesia, and were not associated with an increase in
obstetric interventions or adverse maternal and neonatal outcomes [13].
In second stage, upright positions were associated with fewer abnormal
foetal heart rate patterns, episiotomies, and instrumental vaginal births
than in the control groups, but also with an increased estimated blood
loss. Also, there was no clear difference in the likelihood of third- or
fourth-degree perineal tears, admission to the neonatal intensive care
unit, and caesarean section [14], or “caesarean or instrumental vaginal
birth” [15]. Overall, the studies reviewed were assessed as methodo-
logically weak [13,14] and the data insufficient to be conclusive [15].

A pilot study comparing an alternatively designed birthing room
with a standard birthing room [16] and qualitative research [17,18]
explored women’s experiences therein. They found that women
welcomed the homelike environment and opportunities for movement
and self-determination [16,17], had less need for labour augmentation
[16] and demanded alternative models of care [18].

In a new search in April 2022, we additionally found two RCTs that
examined the alternative design of a birthing room (lighting and sound
effects [19,20], de-centrally positioned birthing bed, bathtub, and op-
tions for upright birthing positions [20]), two cohort studies (redesigned
single-room birthing unit [21], sensory birth rooms with spectral
lighting [22]), and four qualitative studies [23-26]. The two rando-
mised controlled trials [19,20] found no significant effects on rates of
labour augmentation [19], epidural analgesia [19], or spontaneous birth
[20]. The latter study had to be stopped early because of the COVID 19
pandemic. The cohort studies reported higher maternal satisfaction with
the birth environment and support [21] and a significant reduction in CS
rates in the intervention group, but generalisation of results is limited
due to the lack of randomisation [22]. Women who gave birth in a
"Snoezelen room" [23] or a "home-like" birth environment [24] report a
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greater sense of safety, self-determination, and satisfaction, as well as
less anxiety and stress [23]. They experience birth as a physiological
event [24] that can be better supported by midwives [25]; their positive
birth experience is fostered by a supportive environment and the
involvement of their birth partner [26].

Our study “Be-Up: Active Birth” aimed to fill the research gap on
whether an alternative hospital birth environment designed to
encourage mobility, self-determination and an upright position, has an
impact on birth outcomes. In the conception phase of the Be-Up trial, we
considered concepts and theories on the importance of objects for
human behaviour, such as the sociology of technical artefacts, according
to Linde and Joerges [27], and Blumer’s symbolic interactionism [28].
They support the supposition that an alternatively designed birthing
room without a centrally positioned birthing bed would result in a
change in the otherwise bed-oriented behaviour of the individuals
involved in childbirth. It was also assumed that they would focus on the
alternative materials and elements offered to cope with labour and birth,
allowing the woman to achieve higher levels of mobility and upright
maternal positions. In light of this, the research question we sought to
address is: Does a redesigned birthing room, which fosters maternal
mobility, relaxation, coping with pain, self-determination and personal
comfort, result in a higher probability of vaginal birth in hospital, in
women with a singleton cephalic presentation at term, planning a
vaginal birth — compared with controls? The hypothesis anticipated a
significant increase in vaginal birth (spontaneous labour and instru-
mental vaginal birth) in the intervention group compared to the control
group (see power computation).

In this report, we will describe the findings of the primary, secondary
and several other obstetric outcomes of the “Be-Up: Active Birth” trial.

2. Methods
2.1. Trial design

The trial was designed in accordance with the qualitative re-
quirements of the ICH Good Clinical Practice E6 Guidelines [29]. From
01 April 2018 to 31 May 2021, this multicentre trial with parallel study
arms recruited a total of 3815 women (excluding one double random-
isation) from 22 maternity hospitals in nine federal states across Ger-
many; the follow-up period lasted until 31 October 2021. Participants
were either assigned to the intervention (Be-Up birthing room) or the
control group (one of the standard birthing rooms).

An independent external statistician conducted the sample size
calculation, planning of statistical methods and analysis in accordance
with the predefined plan. An international advisory board supported the
trial and, at three time points during the course of the study, an inter-
nationally composed Data and Safety Monitoring Board conducted a
blind review of the safety variables (serious adverse events).

Trial organisation was based in two coordinating centres: East Re-
gion and West Region of Germany. Before starting recruitment, the
dissimilarity between the alternative and the standard birthing rooms
was confirmed by an independent auditor. During the recruitment
period, lead monitors verified fidelity to the different design of the
birthing rooms, oversaw the implementation of the study protocol and
supervised the monitors who were responsible for ensuring the cor-
rectness of the study data collected in the participating hospitals. The
monitors submitted the validated data in paper case report forms
directly to the Coordination Centre for Clinical Trials—unseen by the
principal investigator.

The “Be-Up” trial was approved by the university ethics committee
on 28 February 2018, and subsequently by the ethics institutions
responsible for the participating Be-Up hospitals.

2.2. Participating women

The study was open to primiparous and multiparous women of any
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age with a singleton foetus in cephalic presentation who were seeking a
vaginal birth. The inclusion criteria also stipulated that gestational age
at the onset of labour be between 37 + 0 and 41 + 6 and that the woman
should be in active first stage. Beyond this, the inclusion criteria were
not further restricted; thus, women in active labour due to induction, or
with risk factors such as obesity, hypertension or diabetes could also
participate in the study. Exclusion criteria were desire for a water birth,
pathological CTG on admission (as per the FIGO Consensus guidelines;
[301), active second stage, indication for CS (as per the NICE Clinical
Guideline [10]), or emergency admission. After the women had con-
sented to participate, they were not excluded from the study on the basis
of any criteria or staff decisions, unless the women themselves withdrew
their consent. As a rule, the women were also not transferred to another
birthing room once they had been allocated one.

Informed written consent for study participation had to be provided
before randomisation, including the consent of all legal guardians to the
use of the newborn’s data. The changes to the European General Data
Protection Regulation [31] that came into force on 25 May 2018 were
directly incorporated into the information leaflet and consent forms.
Women voluntarily agreed to provide their contact address to be sent a
questionnaire 3 months after birth (t3). Non-participation in the study
had no negative impact on perinatal care. Initially, 12 maternity hos-
pitals participated in the study. During the course of the study, 5 hos-
pitals with very low recruitment numbers terminated their participation
and were replaced by 5 other maternity hospitals. In the third year, five
additional maternity hospitals were included to meet the recruitment
goal. In total, there were eight Be-Up hospitals with between 800 and
999 births annually, nine with between 1000 and 1499 births, and five
with 1500-3000 births per year.

In the hospitals, the rate of vaginal births for term singletons
(gestational weeks 37 + 0 to 41 + 6) with cephalic presentation was 74
% on average. The Be-Up hospitals received a 20 Euro expense allow-
ance per woman recruited for the trial. Due to slow recruitment and the
COVID 19 pandemic, the planned recruitment period was extended from
23 to 38 months.

2.3. Procedures: intervention and control

Following admission and provision of informed consent, the woman
was randomised to either the intervention or control room. The Be-Up
intervention birthing room (IG) in each hospital was designed with
materials that promote mobility, upright position, and self-
determination for women in labour. They were intended to provide a
practical alternative to the birthing bed usually positioned in the middle
of the room and to enable the individuals in the room not to focus
exclusively on the bed (see Fig. 1). In the control birthing rooms (CG),
the birthing bed was left where it typically is, i.e. placed in the middle of

Fig. 1. Example Be-Up room.
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the room (see Fig. 2). The comparison of both rooms is shown in Table 1.
If the maternity hospitals also offered a birthing ball, birthing slings
hanging from the ceiling, or a birthing stool in the room, these were not
removed so as not to undermine the hospitals’ standards of care. The
care provided by the midwives and doctors in both comparison rooms
was in line with national obstetric guidelines and the respective hospital
standards.

2.4. Sample size calculation

The sample size calculation was based on the birth rates of the initial
12 hospitals in 2016; their rates of vaginal births of term singletons in
cephalic position ranged from 64 % to 80 %. Using a two-sided Fisher’s
exact test, a sample of 3440 women was required to detect a change from
74 % to 79 % prevalence of vaginal birth (primary outcome) with 90 %
statistical power at a significance level of 5 % and an assumed 10 % loss
to follow-up. To anticipate deviations from design assumptions, such as
increased dropout rates, and to ensure sufficient precision of estimates,
the sample size was expanded to 3800 women.

2.5. Randomisation and masking

The statistician created randomisation lists stratified by hospital and
parity (primiparas/multiparas) with random permuted blocks of
different length. The Coordination Centre for Clinical Trials provided a
validated dynamic web application in real time (“Rando-Tool”) for the
online randomisation by midwives and obstetricians. This tool con-
cealed the sequence until the midwives guided the women into the Be-
Up or standard birthing room. In the 113 cases where technical prob-
lems occurred, the midwives performed randomisation using sealed,
opaque "emergency envelopes’ with a randomisation code and a written
follow-up report to the Coordination Centre for Clinical Trials. Only the
Coordination Centre, hospital staff, the women giving birth and their
birth partner knew the group assignment.

2.6. Data collection

From birthing room admission to discharge from the hospital, the
staff documented both routine data and additional trial data in the case
report forms. These were baseline data and prognostic factors (to) as well
as obstetric interventions and complications (t;). At follow-up two to 10
days postpartum (tz), women were mainly asked about their subjective
birth experience as well as helpful interventions and support during

Fig. 2. Example Control birthing room.
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Table 1
Comparison of intervention birthing room and control birthing room.

Intervention birthing room (Be-Up) Control birthing room

Birthing bed Birthing bed

o kept outside of the room, or e positioned in the middle of the

o birthing bed positioned against the room and accessible from three sides
wall/ in a corner of the room and not
visible (separated with a screen, or
covered)

1 floor mattress (200 x 100 x 40 cm)

1 floor mat (200 x 150 cm)

3 large foam cubes and 1 cube in the shape
of a birthing stool

1 large bean bag

1 monitor (86 cm screen diagonal) and
playback device

2 bluray (DVD) with nature scenes

1 table and 2 (3) chairs with supplies of
drinks and snacks

1 floor lamp for flexible indirect lighting

1-4 posters showing various upright
maternal positions (60 x 40 cm)

1 door sign “please knock before entering”

Optional in the room:

o fabric sling hanging from the ceiling

e gymnastic ball

No such materials
No such materials
No such materials

No such materials
No such devices

No such devices
No such provisions

Standard lighting
No such posters

No door sign

Optional in the room:

o fabric sling hanging from the ceiling
e gymnastic ball

e birthing stool

their birth. At the follow-up three months after the birth (t3), women
were predominantly asked to report on their postpartum health and the
healthcare experience of mother and child (e.g. doctor’s visits, medi-
cation, medical aids, etc.). These data provided a "longer-term" follow-
up for well-being and form the basis of the health economic evaluation.

In addition to the primary and secondary outcomes, we report on
maternal body position during labour (t;) and its association with
women’s birth experience during labour (t3).

The maternal positions were documented by the midwives shortly
after birth in a graded manner as “most frequent”, “second most
frequent” and “third most frequent”. On this basis, we computed
“weighted scores of maternal positions”, specified post hoc. Higher
values were calculated for upright positions (sitting, standing, kneeling,
squatting), a mid-range value for the on-all-fours (quadruped) stance,
and lower values for recumbent positions (supine, side-lying). Other
findings from the t; and t3 questionnaires, along with a health economic
evaluation, are the subject of another publication.

2.7. Outcomes

In addition to basic demographic and pregnancy-related data, one
primary, five secondary and a number of other outcomes were recorded
by the midwives. The primary outcome was vaginal birth (spontaneous
or instrumental vaginal: yes/no). Four of the secondary outcomes
collected were binary (yes/no): episiotomy, epidural anaesthesia, peri-
neal tears degree 3 and 4, and the composite complex variable “critical
outcome of newborns at term”. It is composed of the criteria “5-minute
Apgar score below 57, “pH value below 7.0” and “base excess below
— 16” and represents a quality indicator [3] in German perinatal sta-
tistics (including mortality). The fifth secondary outcome “Feelings and
experience of birth” was collected in t3 with the endpoint-based sev-
en-point “Labour Agentry Scale” (LAS) [32] with 10 items (continuous
sum score).

Other outcomes on the maternal side were the rate of medical
intervention (e.g., oxytocin augmentation, analgesia, method of foetal
heart monitoring), maternal positions, and transfer of the mother to the
intensive care unit, in addition to perinatal morbidity/mortality.
Newborn outcomes collected were: birth data, discharge details, and
transfer of the baby to the newborn intensive care unit where applicable.
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2.8. Statistical analysis

The statistical analysis was performed without major changes to the
description in the study protocol [33]. Characteristics of the Be-Up
hospitals, participating women and outcomes were described sepa-
rately for the intervention and control groups. The analysis was per-
formed using the intention-to-treat principle (ITT).

In the primary analysis, the probabilities of a vaginal birth in the
intervention and control groups were compared using a Fisher’s exact
test. The risk difference and odds ratio were estimated including confi-
dence intervals (CIs). Additionally, randomised women with missing
data in the primary outcome (e.g., dropouts) were compared to the
analysis set with respect to available characteristics.

Adjustment for centre effects was conducted, including centres as
random effects in the logistic model [34]. Models with an additional
random effect of the interaction centre*intervention to adjust for
possible centre effects on the intervention effect could not be fitted
because of negative variance components.

A sensitivity analysis to take into account women with missing
values in the primary outcome was performed in the full ITT population,
assuming missing at random by multiple imputation [35], using full
conditional specification to impute missing values in the primary
outcome and explanatory variables, which were chosen as described
above. For each imputation model 100 imputations were performed.

A Fisher’s exact test was used to compare the four binary distributed
secondary outcomes in the intervention and control groups. Differences
in the “score of maternal positions” and in the LAS sum value between
groups were calculated using the Wilcoxon test. Furthermore, a multiple
linear model using the LAS sum value as a dependent variable, the body
position score, group and parity were fitted to estimate an adjusted as-
sociation between the two scores. Bonferroni’s method was used to
adjust for multiple testing of the five secondary outcomes (significance
level of 1 % instead of 5 %).

Subgroup analyses were performed for two parity strata (primiparas,
multiparas) and the primary outcome (vaginal birth).

The main analyses were repeated as a per-protocol analysis on the
subpopulation after exclusion of participants with protocol violations
(allocated to the wrong room: IG: 46; CG: 19) or missing values in the
primary outcome (IG: 16; CG: 4).

All tests we performed were two-sided using a significance level of
5 % except for the Bonferroni adjusted analysis of the secondary out-
comes. The statistical software package SAS version 9.4 was used for
statistical analyses.

2.9. Trial registration

Before recruitment, the trial was registered in the Deutsches Register
Klinischer Studien (German Register of Clinical Trials) DRKS00012854
(https://www.drks.de/drks_web/setLocale EN.do) under its German
title “Be-Up: Geburt aktiv”. It was identified using Universal Trial
Number (UTN: U1111-1204-0964) and listed in the WHO International
Clinical Trials Registry Platform (https://trialsearch.who.int). The pro-
tocol for this study was peer-reviewed and published [33].

3. Findings

Among an estimated total of 54662 eligible pregnant women in the
Be-Up hospitals, a total of 3816 randomisations were carried out (see
Fig. 3). After excluding the double randomisation of one trial partici-
pant, 3815 cases remained in our database. We further excluded a total
of 57 women whose written informed consent could not ultimately be
recorded. Additionally, 39 women who, on reinspection, were found not
to fulfil the inclusion criteria, or showed exclusion criteria, such as
incorrect week of pregnancy, later expressed wish for a water birth, or
second stage labour detected after randomisation, were excluded. A
total of 14 women who withdrew their participation consented to their
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54662 women
estimated to be eligible

l

| 3816 enrolled & randomised |

1 double randomisation
96 inclusion and exclusion criteria not met

A 4

| 3719 study participants |

.

l

1852 assigned to “Be-Up birthing room” (intervention) (49.8%)

1867 assigned to “standard birthing room™ (control) (50.2%)
1079 primiparas (57.8%)

10 withdrew consent (0.5%)
6 missing data in primary outcome (0.3%)

1082 primiparas (58.4%)
n=1836

A 4

42 wrong assignment to study
group (2.3%)
151 serious adverse events* (8.2%)

3 withdrew consent (0.2%)
1 missing data in primary outcome (0.1%)

\ 4

19 wrong assignment to study
group (1.0%)
181 serious adverse events* (9.7%)

n=1863

A 4

1836 for ITT analysis of primary
outcome (99.1%)

1863 for ITT analysis of primary
outcome (99.8%)

A 4

A 4

1513 at follow-up (t;) (81.7%)
10 missing data in LAS sum value

1494 at follow-up (t;) (80.0%)
9 missing data in LAS sum value

Fig. 3. Flow diagram.

data being included in the analysis up till the point of their withdrawal.

Of the 3815 women, 69 were randomised in the wrong parity stra-
tum due to misunderstandings in the coding of parity; they were not
excluded as the randomisation was still in effect with no systematic
distorting influence on the results of the trial. Sixty-five women were
allocated to the wrong room (IG: 46; CG: 19). Reasons for this included
the woman’s wish to be in a particular room, a necessary examination
that could only be performed in another room, or if the randomly
assigned birthing room was occupied in the meantime. Having excluded
these participants (1.75 % of the whole sample) in the per-protocol
analysis, there were no differences in the results for the primary
endpoint.

The total sample comprised 3719 women, of which 1852 (49.8 %)
were assigned to the intervention group (IG) and 1867 (50.2 %) to the
control group (CG). Their baseline characteristics are displayed in
Table 2.

3.1. Primary outcome

In the ITT analysis based on the primary outcome, 89.1 % of women
in the IG (n = 1836; 95 % confidence interval (CI) 87.5-90.4 %) had a
vaginal birth, in the CG, it was 88.5% (n = 1863; 95 % CI 87.0-89.9 %).
The difference was not significant (p = 0.64). The risk difference be-
tween the IG and CG regarding the probability of a vaginal birth was
+ 0.54 % (95 % CI — 1.49 % to 2.57 %), the odds ratio was 1.06 (95 %
CI 0.86-1.30).

More specifically, 2838 women had a spontaneous vaginal birth (IG:
77.6 %; CG: 75.9 %), 415 had a vacuum extraction (IG: 10.7 %; CG:
11.7 %), 18 a forceps extraction (IG: 0.3 %; CG: 0.7 %), and 13 a vac-
uum and forceps extraction (IG: 0.5 %; CG: 0.2 %). A total of 415 women
had a CS (IG: 11.0 %; CG: 11.5 %).

Of the primiparas, the probability of a vaginal birth in the IG was
83.9 % (95 % CI 81.5-86.0 %) and in the CG, it was 83.0 % (95 % CI
80.7-85.2 %). The multiparas in the IG had a probability of 96.3 %
(95 % CI 94.8-97.6 %) and in the CG, it was 96.1 % (95% CI
94.4-97.3 %).

The sensitivity analysis performed in the full ITT population included
multiple imputation of missing data for the primary outcome in 20 cases,
16 (0.4 %) in the IG and 4 (0.1 %) in the CG. Following the imputation,

Table 2
Baseline characteristics of study participants in the intervention and control
group included in the intention-to-treat analysis (% excluding missing data).

Be-Up birthing room
(n =1852)"

Standard birthing
room (n = 1867)"

Age (missing: 0) Mean (SD) 31.6 (4.3)
Min - Max: 17-46
N (%)

1082 (58.4 %)

Mean (SD) 31.6 (4.4)

Min - Max: 17-46

N (%)

Parity: Primiparas (missing: 0) 1079 (57.8 %)

School-leaving qualification
(missing: 414)

e Up to and incl. secondary
school certificate

Health insurance (missing: 6)

e Statutory (possibly with
complementary insurance)

Marital status (missing: 6)

Single without steady partner

Country of birth: Germany
(missing: 26)

Body mass index (missing: 28)

e Underweight < 19

o Healthy weight/overweight
19-30

e Obesity > 30

Gestational age (missing: 3)

e 374+0t037+6

e 38+0to38+6

e 39+0t039+6

e 40+0t040+6

e 41+0to41+6

Previous caesarean section
(missing: 2)

Premature rupture of membranes
(missing: 3)

Induction of labour (missing: 3)

428 (25.9 %) 435 (26.3 %)

1653 (89.3 %) 1663 (89.4 %)

57 (3.1 %)
1706 (92.5 %)

65 (3.5 %)
1679 (90.9 %)

78 (4.2 %)
1554 (83.9 %)

79 (4.3 %)
1548 (82.9 %)
204 (11.1 %) 228 (12.3 %)
103 (5.6 %)
227 (12.3 %)
544 (29.4 %)
691 (37.3 %)
287 (15.5 %)
115 (6.2 %)

103 (5.5 %)
207 (11.1 %)
534 (28.7 %)
657 (35.2 %)
363 (19.5 %)
103 (5.5 %)

541 (29.2 %) 523 (28.0 %)

506 (27.3 %) 516 (27.7 %)

Max = Maximum.
Min = Minimum.
SD = Standard deviation.

? The data refer in each case to the sample population "n" minus missing data.
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the estimated values only changed in the second decimal place: the
probability of a vaginal birth in the IG was 89.0 % (CI: 87.6; 90.5) and in
the CG it was 88.5 % (CI: 87.1; 90.1). The risk difference between the IG
and the CG was + 0.52 % (CI: 1.52-2.55 %) with a p-value of p = 0.62
and an odds ratio for the IG vs. the CG 1.05 (CI: 0.86-1.29). The sec-
ondary imputation model, which did not include the variable "school-
leaving qualification", also showed very similar results (data not shown).

3.2. Secondary outcomes

The difference in the secondary outcomes in the two study arms were
verified at the specified significance level of p < 0.01. A total of 476
women had an episiotomy. The difference in numbers of women in both
groups was small and not statistically significant (see Table 3). While
393 primiparas had an episiotomy, the procedure was carried out on 83
multiparas. The difference between the IG and CG in each of the parity
subgroups was not significant. A total of 2.46 % (n = 45) of the women
in the IG had a grade 3 or 4 perineal tear, and in the CG, the corre-
sponding figure was 2.86 % (n = 53). Both among primiparas and
multiparas, there were no significant differences between the IG and the
CG.

In both groups, 1191 women received an epidural or spinal anaes-
thesia. Once again, there were no statistically significant differences
between the IG and the CG, neither among primiparas. Primiparas
received this form of pain relief more than twice as frequently. The
variable “critical outcome of newborns at term” was documented as yes
for 0.11 % (n = 2) in the IG and 0.11 % (n = 2) in the CG. All four babies
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were born of primiparas; two of the newborns passed away during or
immediately after labour. Specifically, in both comparison groups, the
mean 5-min Apgar score for the total sample was 9.7 (SD 0.8; min—max
0-10) and arterial pH value was 7.2 (SD 0.1; IG: min-max 6.6-7.5; CG
min-max 6.9-7.6). The mean arterial base excess in both groups was
— 5.4 (IG: SD 3.5; min—-max — 19.4 to 10.7; CG: SD 3.6; min-max — 21.0
to 14.6). Missing values were between n = 62 and 114. “Feelings and
experience of the birth” which 2988 women (80.3 %) reported in the
questionnaire three months postpartum (t3) were recorded as a LAS sum
value. The dropout rate including 10 non-responses in the LAS sum
value was 18.8 % (IG) and 20.5 % (CG). The sum value between a
minimum of 10 and maximum of 70 was comparatively positive in both
groups. Among the primiparas, the mean differed significantly by 1.1
points at the 5 % significance level. Among the multiparas, no signifi-
cant difference was determined.

3.3. Other outcomes

Other outcomes with regard to obstetric measures, birth injuries and
complications, including for the newborn, are shown in Table 4. Data
with regards to duration of labour from birthing room admission to the
birth of the baby, duration of the active pushing stage as well as the
mean birth weight of the newborn are presented in Table 5. None of
these group differences were significant.

The “weighted scores of maternal postures” (see Table 5) had
significantly higher values in the IG (Wilcoxon test p < 0.0001). The
multiple linear regression model showed a significant (p < 0.0001)

Table 3
Secondary outcomes — comparison of intervention and control group (significance level p < 0.01).

Outcome n (%) Risk difference (%), 99 % CI 0Odds Ratio, 99 % CI p value
Episiotomy
e Total group (missing: 25) 1G 225 (12.3)

CG 251 (13.5) -1.20 -4.04 to 1.64 0.90 0.70-1.16 0.28
e Primiparas (missing: 16) 1G 188 (17.6)

CG 205 (19.0) -1.43 -5.73 to 2.87 0.91 0.68-1.21 0.40
e Multiparas (missing: 9) 1G 37 (4.8)

CG 46 (5.9) -1.02 -3.96 t0 1.93 0.82 0.46-1.47 0.43
Perineal tear, degrees 3 and 4
e Total group (missing: 35) 1G 45 (2.5)

CG 53 (2.9) -0.40 -1.76 to 0.97 0.86 0.51-1.46 0.47
e Primiparas (missing: 25) IG 36 (3.4)

CG 37 (3.5) -0.07 -2.10 to 1.95 0.98 0.53-1.81 1.00
e Multiparas (missing: 10) 1G 9(1.2)

CG 16 (2.0) -0.86 -2.51 t0 0.78 0.57 0.19-1.69 0.23
Epidural-/Spinal anaesthesia
e Total group (missing: 19) 1G 599 (32.6)

CG 592 (31.8) 0.83 -3.13 to 4.79 1.04 0.87-1.25 0.60
e Primiparas (missing: 11) 1G 473 (44.1)

CG 460 (42.7) 1.45 -4.05 to 6.96 1.06 0.85-1.33 0.51
e Multiparas (missing: 8) 1G 126 (16.5)

CG 132 (16.8) -0.34 -5.22 to 4.53 0.98 0.69-1.39 0.89
Critical outcome of newborns at term
e Total group (missing: 61) 1G 2(0.1)

CG 2(0.1) 0.00 -0.28 t0 0.28 1.01 0.08-13.31 1.00
e Primiparas (missing: 33) 1G 2(0.2)

CG 2(0.2) 0.00 -0.48 to 0.48 1.00 0.08-13.17 1.00
e Multiparas (missing: 28) 1G 0 (0.0)

CcG 0 (0.0)

Mean (SD) Lower/upper quartiles p value

“Feelings and experience of birth” (LAS sum value)
e Total group (missing: 731) 1G 1503 (81.2) 51.8 (10.1) 46.0-59.0

CG 1485 (79.5) 51.3 (10.2) 44.0-59.0 0.11
e Primiparas (missing: 370) IG 903 (83.5) 50.7 (10.3) 44.0-59.0

CG 888 (82.3) 49.6 (10.6) 42.0-58.0 0.02
e Multiparas (missing: 361) 1G 600 (77.9) 53.6 (9.4) 48.0-61.0

CG 597 (75.8) 53.8 (9.0) 48.0-61.0 0.93

Cl = Confidence Interval.

IG = Intervention group.

CG = Control group.

LAS = Labour Agentry Scale.
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Table 4

Obstetric measures, birth injuries and complications, and child outcomes (p < 0.05).
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Intervention group

Control group

Frequency Percent (%) Frequency Percent (%) Missing data P value
Amniotomy 372 20.3 366 19.6 18 n.s.
Oxytocin augmentation 793 43.1 759 40.8 20 n.s.
Nitrous oxide 207 11.3 194 10.4 20 n.s.
Other analgesia 1001 54.5 1004 53.9 20 n.s.
Vaginal and labial lacerations 716 39.1 735 39.5 26 n.s.
Shoulder dystocia 27 1.5 42 2.3 20 n.s.
Premature abruption of placenta 3 0.2 4 0.2 20 n.s.
Umbilical cord prolapse 0 0.0 2 0.1 20 n.s.
Uterine rupture 3 0.2 1 0.1 20 n.s.
Eclampsia/HELLP 1 0.1 6 0.1 20 n.s.
Emergency caesarean section 25 1.4 23 1.2 20 n.s.
Discharge of child with mother 1751 96.3 1785 97.2 63 n.s.
Transfer of child to NICU 61 3.4 56 3.1 61 n.s.
Transfer of child to another hospital 52 2.9 42 2.9 61 n.s.
Perinatal death of child (during/after birth) 1 0.1 1 0.1 61 n.s.

HELLP = Haemolysis, Elevated Liver enzymes and Low Platelets.
NICU = Neonatal Intensive Care Unit.
n.s. = no significant difference.

Table 5
Other outcomes.

Intervention group SD Missing data Control group SD Missing data
Duration of labour 6.1h 5.7 0 6.0h 5.3 0
min-max 0.1-66.7 h 0-51.9h
Active pushing stage 23 min 21.7 3997 22 min 21.2 374°
min-max 1-180 min 1-180 min
Mean birth weight 3528 ¢ 425 34 3525¢g 432 28
“Weighted scores of maternal postures” 10.4 3.2 25 9.8 3.2 17

SD = Standard deviation.
@ Missing data predominantly refers to women who had a caesarean section.

association of the “weighted scores of maternal positions” with the LAS
sum value, even after adjusting for the co-variables study group and
parity. The estimate yielded a beta of 0.41 (95 % CI 0.30; 0.53). While
assignment to a study group was not statistically significant, parity
(multiparas) was significantly (p < 0.0001) associated with (higher)
LAS sum values (beta of 3.1; 95 % CI 2.4; 3.9).

3.4. Monitoring of safety

At the three points of the recruitment, i.e. at 25 %, 50 % and 75 % of
the total sample, the following serious adverse events were analysed:
shoulder dystocia, premature abruption of placenta, umbilical cord
prolapse, uterine rupture, eclampsia/HELLP, perineal tears degree 3 and
4, blood loss > 1000 mL, emergency caesarean section, the composite
indicator “newborn health”, including perinatal death. The Data and
Safety Monitoring Board conducted a blinded review of this analysis and
compared the serious adverse events with the average Germany-wide
incidences in obstetrics. It identified no safety concerns for mother or
child in connection with the study intervention.

In summary, it can be concluded that there were no significant dif-
ferences in the study population either for the primary outcome (5 %
significance level) or for the secondary outcomes (1 % significance
level). Thus, no effect of the Be-Up birthing room on the probability of a
vaginal birth could be proven. The primary analyses were confirmed
using secondary and sensitivity analyses by means of multiple imputa-
tions and the per-protocol analysis. With the secondary outcome
“Feelings and experience of the birth” (LAS sum value), a small differ-
ence between the IG and the CG was observed, but using the ITT prin-
ciple this was only significant at the 5 % level. In an explorative analysis,
planned post hoc, it became clear that, irrespective of study group, up-
right maternal body position was significantly associated with “Feelings
and experience of the birth”. It is also noteworthy that the intervention

in the study does not pose a risk to the birth outcome of the women and
their newborns.

4. Discussion

The multicentre randomised controlled trial “Be-Up: Active Birth”
analysed the intervention “alternatively designed Be-Up birthing room”
based on the assumption that the Be-Up setup without birthing bed
promotes maternal mobility, upright positions and self-determination
during labour, thus facilitating a vaginal birth. Such an intervention
effect on the mode of vaginal birth could not be confirmed. Surprising in
this respect was that even in the CG the rate of vaginal birth increased to
88.5 %, despite the fact that the hospitals involved in the trial had an
average vaginal birth rate of 74 % at the start of the study. This could be
due to a strong Hawthorne effect, namely that in these hospitals, the
knowledge of being involved in a study influenced the primary outcome
in the CG as well. Another influence may be "cross-contamination" by
the obstetric staff working in both birthing rooms and transferring their
experience in the Be-Up birthing room to the CG, even though no
training on supporting upright positions was provided as part of the
study. Due to the very high vaginal birth rate in these two groups, no
further increase could be achieved (ceiling effect). Thus, this trial, which
was sufficiently powered, could not confirm the previously described
significant reduction in CS rates [22] due to an alternative design of the
intervention birthing room. However, the secondary outcomes of the
Be-Up trial substantiate the intervention related results in other studies:
no decreased “epidural analgesia” [19], no increase in obstetric mea-
sures during the first stage of labour, no increased risk of blood loss and
perineal tears, nor any negative effect on the vitality of the newborn
[13]. This means that removing or covering the birthing bed and giving
priority to materials that support different upright maternal positions
are measures that promote safe midwifery care for mother and baby.
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Our study was implemented in accordance with the study protocol
[33]. The strengths of the study are the large sample determined ac-
cording to the power calculation, the real-time online randomisation,
rigorous data monitoring, the independent data management, and the
triple safety assessment. The implementation and successful conclusion
of the study were achieved despite the heavy burden placed on staff by
the Covid-19 pandemic containment measures.

In particular, the number of missing data at time t;—especially
regarding the primary and secondary outcomes—was very small, with
16 cases in the IG and 4 in the CG, relative to the total sample of 3719. At
time point t3, 3 months after birth, approximately 80 % of the mothers in
both comparison groups had returned their completed questionnaires,
which represents a good response rate. The multiple imputation analyses
in accordance with the study protocol showed no evidence of bias due to
missing data in the primary and secondary analyses.

The broad inclusion criteria and the limited exclusion criteria
strengthened the potential for generalisation of the study results. The
fact that, on average, more women in this study had induced labour
(27.5%) than in the German perinatal survey (21.9 %) [3] may be
explained by the greater availability of time in induced labour, which
allowed midwives to more easily inform them about study participation.

In the control group, the conventional birthing rooms were stand-
ardised in terms of the centrally located birthing bed and the absence of
other elements, as listed in Table 1. However, in German labour wards,
birthing balls, lengths of fabric (slings) suspended from the ceiling or
birthing stools are sometimes part of the usual equipment. For ethical
reasons, these were not removed from the CG so as not to undermine the
hospitals’ standards of care. When it comes to transferring the results of
the study to other countries where no additional equipment for maternal
mobility is provided other than the birthing bed, these limitations must
be taken into account.

In the context of daily midwifery care, it is possible that staff selected
women based on the situation and the individual. Although midwives
may have approached women they instinctively felt were “uncompli-
cated” regarding participation in the study, the concealed random-
isation in real time prevented bias in this regard. However, the
prerequisite for randomisation of two unoccupied birthing rooms being
available may have been accompanied by lower staff workload and
hence more time to care for women—regardless of the final assignment
to the respective birthing room. This might partly explain the high rate
of vaginal birth both in the IG and the CG.

Another strong factor in increasing the likelihood of vaginal births in
both study groups may have been the motivation of a substantial num-
ber of midwives and obstetricians (as usually only part of the team
supported the Be-Up study) to support women in their goal of achieving
a vaginal birth. Midwives may have enjoyed implementing and devel-
oping their “original” midwifery skills, such as supporting women in
different upright positions using the Be-Up materials. Obstetricians may
have opted more often for a vaginal operative birth rather than
caesarean section.

On the part of the pregnant women, self-selection for study partici-
pation due to their desire for a self-determined and "active" birth could
have contributed to the result, although randomisation did not allow for
any bias here with regard to the study groups.

The post-hoc analysis showed that, irrespective of study group, there
is a significant association between upright maternal position and birth
experience. This result is of high clinical relevance and in line with the
findings of the qualitative studies, according to which a birth environ-
ment that promotes mobility and self-determination also reduces anxi-
ety and stress [23] and instead fosters feelings of security and
satisfaction, as well as a positive birth experience [26].

Based on the latter findings, the question arises as to what other
factors could influence and improve women’s birth experience and
support them to give birth vaginally. In terms of neuro-architecture that
intends to promote the physical, intellectual, emotional, and behav-
ioural well-being of individuals [36], the design of spaces appears to
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impact the brain (e.g., amygdala activation) and thereby not only in-
fluence emotions but also regulate physiological performance and
human behaviour. In a multicentre study such as the Be-Up study, which
tested the influence of the birth environment in terms of hard outcome
data, the potential impact on the design of birthing rooms and thus the
standardisation of the intervention was limited. A bundle of changes (e.
g., mattress against the wall, a monitor with nature scenes, dimmable
lighting) was defined with a team of expert midwives and monitored
during study implementation. However, due to the pre-existing room
architecture in the 22 obstetric units, more subtle changes in the birth
environment in terms of colour design, sound insulation, temperature,
and smells could not be influenced and standardised. Moreover other
"soft" factors that can be effective in maintaining physiological endo-
crinological cycles which regulate physiological birth processes [37,38],
are difficult to standardise in a study. Such "soft" factors include support
and tactile stimulation, presence of a person who helps women regulate
increasing levels of pain, stress and anxiety, and facilitation of maternal
withdrawal and altered state of consciousness [37,38]. In addition to the
woman’s companion, these soft factors could be effectively strengthened
by midwives in a one-to-one and continuous midwifery care model
during labour and birth [39]. However, this would require a significant
improvement in the staffing ratio of midwives to women.

5. Conclusion

This multicentre study “Be-Up: Active birth” is the first and only
study to date that was sufficiently powered to comprehensively and
robustly examine the independent effect of an alternatively designed Be-
Up hospital birthing room on mode of birth, secondary birth outcomes,
and women’s subjective outcomes. The results show that the environ-
ment in the Be-Up birthing room is just as safe as the standard birthing
rooms, despite the absence of the birthing bed as a key element.

Based on the evidence, midwifery and obstetric practice can promote
maternal satisfaction with birth and provide safe care by supporting a
variety of upright maternal positions and maternal mobility — both when
the birthing bed is absent or covered, and when it is the centre of the
room. In addition to the functional equipment, birthing rooms must be
"cosy" and offer sufficient freedom of movement so that the woman can
relax and move during the active first stage of labour and adopt the most
favourable and effective position for the birth of her child during second
stage.

As this study cannot fully explain the associations and reasons for the
increase in vaginal birth rates in both study groups, future studies could
focus on factors that explicitly promote physiological endocrine cycles
during labour and birth, or examine the effect of pre-defined intra-
partum models of midwifery care which support the implementation
and development of “original” midwifery skills.
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