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Virtual link between mothers
and infants to improve maternal
c-section experience: a non-
randomized controlled pilot trial

Fiona Corbaz', Emilie Boussac?, Karine Lepigeon?, Alain Lacroix?, Diana Gomes Dias?,
Sandra Marcadent*, David Baud?, Antje Horsch?¢ & David Desseauve5**

Skin-to-skin contact is known to help protect against traumatic birth experiences. However, it is
sometimes not possible during cesarean sections, causing mother-infant separation. This pilot study
explored a supportive alternative by streaming a live video of the newborn to the mother via a
head-mounted display during the separation. Conducted in a Swiss hospital, this monocentric open-
label non-randomized controlled pilot trial included 71 mothers. When separation occurred in the
operating theatre, participants received either the head-mounted display intervention or standard
care. Validated questionnaires were sent at one week and one month postpartum to assess maternal
childbirth experience (primary outcome), birth satisfaction, childbirth-related post-traumatic stress
disorder symptoms, anxiety and depression symptoms, mother-infant bonding and satisfaction with
the procedure. Compared to the control group, mothers with the intervention reported a significantly
enhanced childbirth experience at one week postpartum, greater birth satisfaction, reduced childbirth-
related post-traumatic stress disorder symptoms, and diminished anxiety. Mothers unanimously
expressed satisfaction with the intervention. These findings suggest using a head-mounted display to
maintain visuval contact with the newborn during early separation may be a valuable and well-accepted
strategy to improve maternal childbirth experience. It also highlights the feasibility and acceptability
of remote technologies in maternity care. Further research is warranted.

Keywords Childbirth experience, Childbirth-related PTSD, Head-mounted display, Primary prevention,
Skin-to-skin contact, Virtual reality.

Abbreviations

BSS-R Birth Satisfaction Scale Revised

CB-PTSD  Childbirth-related post-traumatic stress disorder
CEQ-2 Childbirth Experience Questionnaire 2
CityBiTS City Birth Trauma Scale

CS Caesarean section

HADS Hospital Anxiety and Depression Scale

HMD Head-mounted display

MIBS Mother-to-Infant Bonding Scale

VR Virtual reality

About one-third of mothers report experiencing childbirth as traumatic, which can lead to childbirth-related
posttraumatic stress disorder (CB-PTSD)!. The overall estimated prevalence of CB-PTSD in community samples
is 4.7%, and its prevalence among specific subgroups, such as women who have had an emergency cesarean
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section (CS) or premature birth can reach 21.1%'. In Switzerland, the cesarean section rate is approximately
33%, highlighting the relevance of addressing maternal experience during this type of birth®

Skin-to-skin contact between mother and newborn immediately after birth seems to be an important
protective factor against a traumatic birth experience’. However, this contact is more difficult to achieve during
a CS, especially if unplanned, due to factors such as the relatively low room temperature in the operating theatre,
the need to have a dedicated midwife to monitor the newborn, the mother’s uncomfortable position on the
surgical table, anesthesiological constraints, or the emergency nature of the CS*. Despite efforts to facilitate skin-
to-skin contact in the operating theatre, mothers and their newborns are sometimes separated at the end of the
CS. The infant is taken to another room with the co-parent to receive the first care and to have a skin-to-skin
contact with that person, while mothers remain in the operating theatre for the suturing. The separation may
trigger negative emotions, including fear for one’s own and/or the baby’s life, feelings of failure, self-blame, and
reduced self-esteem during and after birth. These emotions have been identified as risk factors for a negative
birth experience®. Evidence on protective factors remains limited. Alternatives to facilitate early contact mother-
newborn contact should be explored to provide options when skin-to-skin contact is impossible or interrupted,
causing premature separation during the end of the CS.

Complementary methods, such as virtual reality (VR) headset or head-mounted displays (HMD) may offer
potential solutions, though their effects on the mother-infant dyad have not yet been studied’.

The objective of this pilot trial was to evaluate the effect of an HMD showing a live video of the newborn to
mothers who were separated from their baby immediately after birth during a CS. The primary outcome was
maternal childbirth experience. Secondary outcomes included CB-PTSD symptoms, birth satisfaction, mother-
infant bonding, perceived pain and stress during childbirth, maternal anxiety and depression symptoms,
anesthesiological parameters, and acceptability of the intervention.

Materials and methods

Study design

e-motion-pilot, a monocentric open-label non-randomized controlled pilot trial, took place in the maternity
ward of a Swiss University Hospital. The study was approved by the local ethics committee (approval number:
2022 - 00215) and prospectively registered on ClinicalTrials.gov (trial number: NCT05319665, registration date
08.04.2022); the study protocol was published®. Data collection occurred between April and November 2022.
CONSORT guidelines were followed.

Study population, recruitment, group allocation

The study population included women who (1) were > 18 years old, (2) underwent a CS, planned or not, (3) at
>34 weeks gestation, (4) gave birth to a healthy baby according to pediatric evaluation, with an APGAR score of
>7 at 5 min, (5) who could not maintain continued skin-to-skin contact in the operating room for any reason,
(6) spoke French and (7) who gave oral and written informed consent. In the intervention group, (8) the partner/
co-parent had to give oral informed consent to be filmed, and (9) an independent medical doctor had to confirm
eligibility. The exclusion criteria were having (1) an established disability or psychotic illness, (2) photosensitive
epilepsy, and (3) having a CS under general anesthesia.

In our center, skin-to-skin contact is the routine practice in the operative room and is continued until the
end of the CS if possible. In the case of a continued skin-to-skin contact during the whole period of the CS, the
mother was not included in the study, as skin-to-skin contact was the first and preferred option.

For ethical reasons this trial did not follow a randomized controlled trial design. This was decided in
agreement with the ethics committee, aiming to avoid inducing frustration for mothers who were not selected
for the intervention (see Corbaz et al., 2023 for details)®.

Participants were assigned to either the control or the intervention group depending on the trial phase.
During the first phase, participating women were included in the control group. Once the target number of
control participant was reached, the second phase began, and eligible women were included in the intervention
group.

Recruitment encompassed several stages: Potential participants were informed about the ongoing trial,
specifically women scheduled for a CS or attending their 36-week antenatal appointment. Participants then
provided oral informed consent pre-CS or immediately post-procedure in the recovery room. Formal written
informed consent was secured on the postpartum ward within 24 h of the CS (see Corbaz et al., 2023 for details)®.

The process entailed three supplementary steps for those in the intervention group, aligning with Swiss
protocols for emergency interventional research. This included an affirmation from an impartial physician not
associated with the study or the participant’s direct care, ensuring the participant’s best interests. Additionally,
both the partner/co-parent and the midwife had to provide oral and written informed consent for filming (see
Corbaz et al., 2023 for details)®.

Procedure

During unplanned newborn separation, participants in the intervention group used an HMD during the end
of the CS. This device transmitted real-time visuals and sounds from a 2D 360° camera in an adjacent room,
capturing the newborn, co-parent, and midwife. Mothers could observe their newborn’s initial care, weight and
measurement procedures, and the skin-to-skin interaction with the co-parent. The 360° perspective allowed
mothers to adjust their viewpoint with simple head movements. Figure 1 shows the intervention. As a precaution
in case of a neonatal complications during the live HMD feed, a member of the medical staff was assigned to
remain with the mother to provide real-time explanations and reassurance, ensuring maternal understanding
and minimizing distress during critical moments.
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Fig. 1. Participating mother using the head-mounted display and Camera filming the newborn. The picture on
the left shows a mother wearing a head-mounted display in the operating room during the end of the cesarean
section. The picture on the right shows the 2D 360° camera filming the first care of the newborn. This is what
the mother can see through the head-mounted display. © Property of the Lausanne University Hospital.

Conversely, in case of mother-infant separation, control group participants received customary care during
CS, which consisted of remaining in the operating room until the end of surgery without visual or auditory
access to their newborn. Both groups completed online questionnaires at one and four weeks postpartum via
REDCap (Research Electronic Data Capture, a secure web application for building and managing online surveys
and databases —projectredcap.org) (see Corbaz et al., 2023 for details)®.

Outcomes

Primary outcome measure

The primary outcome was a difference in childbirth experience using the Childbirth Experience Questionnaire
2 (CEQ-2)° between the intervention and the control group at one week postpartum. CEQ-2 assesses women’s
experiences during childbirth across multiple domains (own capacity, professional support, perceived safety,
and participation); items are scored on a 4-point Likert scale (from totally agree to totally disagree), for example:
‘[ felt capable during labor and birth”. For details on the primary and secondary outcome measures and their
psychometric properties, see Corbaz et al., 20238.

Secondary outcomes measures
The Birth Satisfaction Score Revised, along with the Mother-Infant Bonding Scale and the Hospital Anxiety
and Depression Scale, were the tools used to assess birth satisfaction, mother-infant bonding, and depression
or anxiety symptoms at one week postpartum. At one month postpartum, the presence of CB-PTSD symptoms
was evaluated with the City-Birth Trauma Scale, and the Hospital Anxiety and Depression Scale was used again
to assess depression and anxiety symptoms. Details on the questionnaires are given in the published protocol
(Corbaz et al., 2023)3.

For the intervention group only, twelve further questions were asked regarding their global satisfaction
with the intervention, its utility, the comfort of the HMD, the quality of the images, sound, and camera-HMD
connection, and the advantages and disadvantages of the HMD (Table 3).

Scientific Reports | (2026) 16:3493 | https://doi.org/10.1038/s41598-025-30837-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Statistical analysis
Without previous research on this specific topic, the sample size calculation was based on standard conventions
(35 participants per group) that apply to the context of a pilot trial'”.

Differences between groups were assessed on sociodemographic and clinical characteristics of participants
using Wilcoxon rank-sum tests, t-tests, Chi-square, and Fisher’s exact tests according to the nature of the
variables. The internal consistency of the questionnaires was estimated using Cronbach’s alpha!!. Items analysis
was conducted when internal consistency of a questionnaire was low, but the results are not reported in this
study!!. To analyze the differences between groups on questionnaires’ scores, we first applied Shapiro-Wilk tests
to determine whether the scores were normally distributed. For normally distributed scores, intervention and
control group mean scores were compared using type III one-way ANOVA. For non-normally distributed scores
we used Mann-Whitney U tests to compare the intervention and control groups’ median scores. Effect sizes were
estimated using eta-squared for normally distributed scores and using r otherwise according to conventional
guidelines'2.

Analyses of the questionnaires were conducted in RStudio v1.3.1093 running R core v4.1.0 and analyses of
the demographic data with Stata V17 (Stata Corp, College Station, TX, USA). P values of <0.05 were considered
statistically significant.

We conducted a thematic content analysis'> of the responses to the open questions in the questionnaires.
Data were analyzed using an inductive approach to identify patterns that emerged. As the responses were in
French, a double translation was done to ensure the correct English. Two research team members (FC and
DD) independently read the responses and generated themes. Responses were collectively sorted into different
themes, and the frequency of the themes in the responses was analyzed.

Results

Recruitment and participant flow

Recruitment occurred at the Lausanne University Hospital between April and October 2022, with final data
collection completed by November 2022. The inclusion of each group lasted 3 months. Figure 2 depicts the
recruitment throughout the study. Out of the 325 women assessed, 253 were deemed ineligible. Consequently,
72 women were enrolled into two evenly distributed groups. Of these, 71 participants (n =35 in the control and
n=36 in the intervention group), were included in the analyses. Remarkably, the acceptance rate to participate
in the study was commendably high, with the control group registering 89.4% and the intervention group
achieving 92.5%.

Sociodemographic and obstetrical data

Table 1 summarizes demographic and obstetric details. No significant disparities concerning demographic
elements were observed between the intervention and control groups. However, significant variations emerged
regarding gestational age during the CS and the CS’s indication (p <0.05). The mean gestational age was slightly
lower in the intervention group compared to the control group. Regarding CS indications, elective reasons such
as maternal request and breech presentation were more common in the intervention group, while medical or
urgent indications such as abnormal CTG or maternal pathology were more frequent in the control group.

Childbirth experience questionnaire 2 (primary outcome)

Regarding the main outcome, the Childbirth Experience Questionnaire 2 (CEQ-2) showed significant differences
between groups in median scores. The intervention group scored significantly higher, with 3.44 points, than the
control group with 3.29 points, on the total score (z=-2.07, p=0.04), with a small effect size r=0.25 [0.01, 0.46]
and on the Perceived safety subscale (z=-2.61, p=0.01), with a medium effect size r=0.31 [0.09, 0.51] (see Fig. 3).
This suggests that mothers in the intervention group experienced an overall improved childbirth experience
and felt safer during birth. No significant group differences were found between groups for the Own Capacity,
Professional Support, and Participation subscales. Full results from the validated questionnaire are reported in
Table 2.

Birth satisfaction scale revised

For the Birth Satisfaction Scale Revised questionnaire, there were significant group mean differences for the
total score (F(1, 69)=5.04, p=0.03) and the subscale “Quality of care provision” (z=-2.19, p=0.03) between
the intervention and control group, with the intervention group scoring higher than the control group, i.e. the
intervention group had a greater satisfaction of the birth and had a feeling of better quality of care provision. The
effect sizes were respectively considered medium (n?=0.07 [0, 1]) and small (r=0.26 [0.04, 0.46]). No significant
difference was observed for the subscales “Women’s personal attributes” and “Stress experienced during labor”
The internal consistency of the total and sub-scales was considered poor to acceptable.

City birth trauma scale

The results of the City Birth Trauma Scale questionnaire showed that the intervention group reported
significantly fewer CB-PTSD symptoms than the control group (z=-2.03, p = 0.04). The effect size was considered
small (r=0.24 [0, 0.44]). Regarding the subscale “Negative cognitions and mood’, the intervention group scored
marginally significantly lower than the control group (z=-1.92, p=0.06). The effect size was considered small
(r=0.23 [0, 0.44]). No other significant group differences were found.

Hospital anxiety and depression scale
For the Hospital Anxiety and Depression Scale, the results showed that at one-week postpartum, significant
disparities were detected in psychological distress and depression symptoms (z=-2.63, p=0.01 and z=-2.49,
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Fig. 2. Trial profile. Recruitment throughout the study.

p=0.01), with the control group manifesting elevated levels compared to the intervention group. Effect sizes
were medium (r=0.31 [0.09, 0.52], r=0.3 [0.08, 0.5]). No significant variation was observed for the HADS
anxiety sub-scale. At one-month postpartum, a notable difference emerged in anxiety scores (z=-2, p=0.05),
with the control group indicating heightened anxiety. The effect size was small (r=0.24 [0.01, 0.46]). Elevated
scores in psychological distress and depression symptoms persisted in the control group at one month, albeit
non-significantly.

Mother-to-infant bonding scale

Regarding the Mother-to-Infant Bonding Scale, the control group scored higher than the intervention group,
indicating more bonding problems, but not significantly. Of note, the internal consistency of the total scale
(a=0.26) was below the threshold of 0.70 considered acceptable, explained by a poor correlation between items.
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Variables ‘ Control group (n = 35) ‘ Intervention group (n = 36) ‘ p-value ‘ Significance
Sociodemographic characteristics

Age [years], mean(SD) 3651 (482) [ 35.86 (4.09) (062 [ns
Nationality, n(%)

Swiss 18 (51.43) 17 (47.22)

Other European country 14 (40) 13 (36.11) 0.65¢ ns

Non-European country 6(17.14) 9(25)

Education, n(%)

Primary school 0(0) 1(2.78)

Secondary or superior school 7 (20) 8(22.22) )

Apprenticeship 11 (31.43) 7 (19.44) 0.46/ ns

University or High School 17 (48.57) 19 (52.77)

Unknown 0(0) 1(2.78)

Marital status, n(%)

Ir} a relationship 32(91.43) 36 (100) 01V ns

Single or separated 3(8.57) 0(0)

Body Mass Index, median(IQR) 23.84(8.9) 24.22(6.55) 0.89% ns
Obstetrical variables
Gravidity, n(%)

First pregnancy 6(17.14) 10 (27.78) (0823 [ns
Parity, n(%)

Primiparous 10 (28.57) 9 (25)

Multiparous 25 (71.43) 27 (75) Lo/ "
Gestational age [weeks], median(IQR) 39.14 (1) 39 (0.36) 0.03" s
Pregnancy type, n(%)

Single 34 (97.14) 34 (94.44)

Multiple 1(2.86) 2 (5.55) Lo "
Indication of caesarean section, n(%) 0.038 | s

Maternal wish 4 (11.43) 8(22.22)

History of caesarean section 16 (45.71) 12 (33.33)

Breech position 5(14.28) 11 (30.56)

Maternal pathology 3(8.57) 1(2.78)

Abnormal CTG 4(11.43) 0(0)

Abnormal position of placenta 2(5.71) 0(0)

Other 1(2.86) 4(11.11)

Degree of emergency of cesarean section, n(%) 0.082 | ns

Elective c-section 28 (80) 31(86.11)

Emergency 0 (< 30 min) 1(2.86) 0(0)

Emergency 1 (< 1h) 6(17.14) 2 (5.55)

Emergency 2 (<4 h) 0(0) 3(8.33)

Neonatal variables

APGAR Score at 5 min, median (IQR) 10 (0.5) 10 (0) 0.56" ns

APGAR Score at 10 min, median (IQR) 10 (0) 10 (0) 0.51% ns

Table 1. Sociodemographic and clinical characteristics of participants (n = 71). Notes:  Student’s t-test. ¢ Chi?
test./ Fisher’s exact test. * Wilcoxon rank sum test.

Satisfaction with the intervention

In this study, most participants expressed high satisfaction with the intervention: the majority (79%) were very
satisfied, and the remaining (21%) were satisfied. Almost all (91%) found the intervention very useful. The HMD
was comfortable for 56% of participants, while the majority rated the sound (91%) and image (77%) quality as
good. A stable connection was reported by most participants (91%). Importantly, all participants believed the
intervention positively influenced their birth experience, with 71% describing the impact as very positive. Every
participant would advocate for the intervention among peers. All questionnaire results on the satisfaction of the
intervention can be found in Table 3.

Answers to open questions, listed on Table 4, revealed that the intervention provided participants with
feelings of proximity to their baby or co-parent and a mental reprieve from the operative theatre. The HMD
was proved to be beneficial by facilitating real-time visuals and sounds of the baby, which offered assurance and
captured precious moments like initial baby care and skin-to-skin contact with the coparent. Many found it sped
up their perceived duration of the cesarean section and minimized their perceived stress.

Among enhancements suggested, sixteen participants proposed upgrading sound or image quality. Three
comments hoped for a feature enabling the mother to communicate with the co-parent, while two desired
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Fig. 3. Primary outcome. There is a significant difference for the childbirth experience total score and the
“perceived safety” subscale between the intervention and the control group, indicating a better childbirth
experience and a higher sense of safety in the intervention group. ctl: control group, intervention group, ns:
non-significant, *: significant result with a small effect size, **: significant result with a medium effect size.

downloadable videos post-intervention. Although 14 comments identified no drawbacks, four pointed out the
HMD’s sizable design, suggesting a more compact version.

Variables during the cesarean section

As delineated in Table 5, most women in the study experienced initial skin-to-skin contact. They were 42.8%
in the control group and 63.8% in the intervention group (preceding the intervention). This disparity was
statistically insignificant (p=0.076). However, the duration of such contact exhibited significant variance
(p=0.046) - averaging 17.47 min in the control group and 12.52 min in the intervention group. On average,
the head-mounted display (HMD) was utilized for 18.61 min. Notably, both groups displayed no differential
prevalence in adverse symptoms like nausea, vomiting, or headaches. No mother was exposed to her baby being
in a life-threatening situation when wearing the HMD.

Discussion

This open-label controlled pilot trial demonstrated that using an HMD significantly improved maternal childbirth
experience at one week postpartum, particularly by increasing perceived safety during birth. Participants in
the intervention group reported higher birth satisfaction, better perceived quality of care, fewer CB-PTSD
symptoms, and lower depressive symptoms at one week postpartum than controls. Overall satisfaction with the
intervention was overwhelmingly positive.

Prior research emphasizes the pivotal role of the medical and care team support during childbirth in
mitigating traumatic experiences or CB-PTSD!. Crucial elements include effective communication, informed
consent, and ensuring mothers feel acknowledged and in control'.

The results of the current study, especially of the CEQ-2 and BSS-R, show that women of the intervention
group felt safer and perceived better quality of care, corroborating the previous studies. Evidence shows that
continuous care from a known and trusted provider decreases the rate of negative childbirth experience'®.
Maintaining virtual contact with their baby while the midwife provided care may have contributed to a better
overall childbirth experience. Importantly, this pilot trial tested the effect of HMD during childbirth, a novel
approach with limited prior research, and aligns with another RCT using VR during childbirth that reported
higher patient satisfaction!”. In addition, in line with another study, no side effects were linked to using an HMD
in our trial'®. Although no complications occurred, developing formal protocols, co-designed with clinicians
and parents, for managing the live HMD feed in case of neonatal emergencies will be essential for broader
clinical implementation.

A larger RCT is the logical progression, with a reconsideration of the MIBS tool due to validity concerns.
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Distribution
Intervention Control

Alpha® N |N | Central tendency® | N ‘ Central tendency'® | Test® Difference Effect size®
CEQ2 (1W)
Total score 0.79 [0.67,0.85] | 71 | 36 | 3.44 (0.22) 35 (3.29(0.3) z2=-2.07,p=0.04 -0.18 [-0.37,-0.01] | 0.25 [0.01, 0.46]
Own capacity 0.67 [0.51,0.77] | 71 | 36 | 3.05 (0.44) 35 | 2.83(0.48) F(1,69)=3.8,p=0.06 | 0.21[-0.01,0.43] 0.05, [0, 1]
Perceived safety 0.79 [0.68,0.86] | 71 | 36 | 3.5 (0.17) 35 [3.17(0.5) 2=-2.61, p=0.01 -0.33 [-0.67,-0.17] | 0.31 [0.09, 0.51]
Professional support 0.72 [0.57,0.82] | 71 | 36 | 3.8 (0.6) 35 | 3.6(0.4) 2=-0.89,p=0.37 0[-0.2,0] 0.11 [0.14, 0.34]
Participation 0.64 [0.18,0.81] | 71 | 36 | 3.67 (0.08) 35 | 3.67 (0.5) 2=-0.84,p=04 0[-0.33,0] 0.1[0.14, 0.34]
BSS-R (1W)
Total score 0.72 [0.6, 0.8] 71 | 36 | 40.22 (5.5) 35| 37.2(5.84) F(1,69)=5.04, p=0.03 | 3.02 [0.34, 5.71] 0.07, [0, 1]
Stress experienced during labor 0.66 [0.5,0.78] |71 |36 | 16 (4) 35 [ 13(1) 2=-1.05,p=0.29 -1[-3,1] 0.13[0.11, 0.34]
Women’s personal attributes 0.51[.024,0.69] | 71 |36 | 7(2) 35 (5(1) z2=-1.84,p=0.07 -1[-2,0] 0.22 [0.02, 0.43]
Quality of care provision 0.51[0.23,0.66] | 71 | 36 | 19(1) 35 |18 (1) z2=-2.19,p=0.03 -1[-2,0] 0.26 [0.04, 0.46]
City BITS (I1M)
Stressor Criterion 0.8 [0.62,.093] |64 32 |0(0) 32 10(0) z=-1.44,p=0.15 0 [0, 0] 0.17 [-0.06, 0.38]
Re-experiencing symptoms 0.87[0.72,0.93] | 64 |32 | 1(1) 32 (1(1) 2=-0.83, p=0.41 01[0,1] 0.1 [-0.14, 0.32]
Avoidance symptoms 0.89 [0.46, 1] 64 |32 | 0(0) 32 10(0) z=-1.18,p=0.24 0 [0, 0] 0.14 [-0.1, 0.33]
Negative cognitions and mood 0.73[0.53,0.82] |64 |32 |1(1 32 (3(2) 2=-1.92,p=0.06 1[0, 3] 0.23 [0, 0.44]
Hyperarousal 0.76 [0.55,0.86] | 64 | 32 | 3.5(3.5) 32 | 4(1.25) z2=-1.42,p=0.16 1[0, 3] 0.17 [-0.07, 0.38]
Distress and impairment 0.66 [0.27,0.85] | 56 | 25 | 0 (0) 31 [0(0) 2=-0.4,p=0.69 0 [0, 0] 0.05[0.18, 0.28]
PTSD with dissociative symptoms | 0.74 [0.43,0.89] | 64 | 32 | 0(0) 32 10(0) 2=-0.07, p=0.95 0 [0, 0] 0.01 [-0.21, 0.25]
PTSD symptoms 0.91[0.78,0.95] | 64 |32 | 5(4) 32 | 9.5 (4.5) 2=-2.03, p=0.04 3100, 6] 0.24 [0, 0.44]
Birth-related PTSD symptoms 0.91 [0.77,0.94] | 64 |32 | 1(1) 32 | 1.5(1.5) z=-1.23,p=0.22 0[0,2] 0.15 [-0.1, 0.36]
General PTSD symptoms 0.83[0.73,0.89] | 64 |32 | 5(5) 32 16(2) z=-1.51,p=0.13 20, 5] 0.18 [-0.07, 0.41]
HADS (1W)
Total score 0.82[0.74,0.86] | 71 | 36 | 8 (2.25) 35|13 (5) z=-2.63,p=0.01 4(1,7] 0.31 [0.09, 0.52]
Anxiety 0.8[0.69,0.87] |71 |36 |5.5(1.75) 35 | 6(1) z=-1.72,p=0.09 20, 3] 0.2 [-0.02, 0.42]
Depression 0.71[0.58,0.8] |71 |36 |3 (2) 35 [ 6(3) 2=-2.49, p=0.01 210, 3] 0.3 [0.08, 0.5]
HADS (IM)
Total score 0.81 [0.69,0.87] | 64 |32 | 9.5(2.75) 32 |11 (1.25) z=-1.53,p=0.13 21[-1,4] 0.18 [-0.05, 0.4]
Anxiety 0.69[0.53,0.79] | 64 |32 | 6 (2) 3270 2=-2,p=0.05 210, 3] 0.24 [0.01, 0.46]
Depression 0.77 [0.63,0.85] | 64 |32 | 4(2) 32 |4(2) 2=-0.07, p=0.94 0[-2,2] 0.01 [-0.2, 0.23]
MIBS (1W)
Total score ‘ 0.26 [0.14, 0.49)] ‘ 71 ‘ 36 ‘ 1(1) ‘ 35 ‘ 1(1) 2=-0.45, p=0.65 0[0,1] 0.05 [-0.16, 0.29]

Table 2. Primary and secondary outcomes results. Note: 1 W: one week follow-up; 1 M: one month follow-
up; CEQ-2: Childbirth experience questionnaire 2 ; MIBS: Mother-to-infant bonding scale ; HADS: Hospital
anxiety and depression scale; BSS-R: Birth satisfaction scale revised; City BiTS: City birth trauma scale. @
Internal consistency measured as Cronbach’s alpha: the internal consistency was considered as poor when
a<0.50, questionable when 50 < a <0.60, acceptable when 60 < a <0.80, good when 80<a<0.90 and excellent
when a>0.90. . ® Mann-Whitney test (z score) for non-normally distributed score, one-way ANOVA (F test)
otherwise. (9 Difference of group means when the score was normally distributed, median of the difference
between groups otherwise. (9 Effect size expressed as eta-squared when the score was normally distributed
and considered small when 0.01 <12 <0.06, medium when 0.06 <12 <0.14, and large when n2>0.14), and
expressed as r otherwise and considered small when r<0.3, medium when 0.3<r<0.5 and large when

r20.5. () The central tendency was expressed as the mean (standard deviation) when the score was normally
distributed, and as median (inter-quartile range) otherwise.

This pilot trial had many strengths, including using validated questionnaires, a control group, a prospective
trial registration, a rigorously trained clinical team and follow-up until one month postpartum. The analyses
were conducted by an independent senior statistician. Nonetheless, several limitations need to be highlighted.
Given the pilot nature of this study and the absence of a priori power calculation, statistical differences should
be interpreted with caution. The primary aim was to assess feasibility and explore potential trends rather than to
draw definitive conclusions. The groups were not randomized, which may have induced a possible selection bias.
As both groups were not comparable on all variables of the obstetrical data, a confounding bias is a possibility.
Furthermore, due to the small population, no sub-group analyses were conducted regarding parity or history of
CB-PTSD. As this study was open-label, performance, detection and recall bias may have been generated.

Lastly, it is important to note that this study does not position HMD as an alternative to skin-to-skin contact.
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HMD satisfaction variables | Intervention group (n=34), n (%)

What is your overall satisfaction of the HMD?

Very satisfied 27 (79.41)
Satisfied 7 (20.59)

In general, how useful did you find the HMD?
Very useful 31(91.18)
Useful 3(8.82)

How would you rate the comfort of the HMD?
Very comfortable 19 (55.88)
Comfortable 14 (41.18)
Neutral 1(2.94)

‘Was the image quality good? [Yes/No]

Yes

‘ 31 (91.18)

‘Was the sound quality good? [Yes/No]

Yes

‘ 24 (77.42)

‘Was the connection stable? [Yes/No]

Yes

‘31 (91.18)

[Yes/No]

Do you think the HMD had an effect on your birth experience?

Yes

‘ 34 (100)

Which effect did the HMD have on your birth experience?

A very positive effect
A positive effect

24 (70.59)
10 (29.41)

No]

Would you recommend the use of the HMD to a friend? [Yes/

Yes

34 (100)

Table 3. Satisfaction with the intervention. HMD: Head-mounted display.

the coparent

Number of
Theme comments | Verbatims
“You feel close to your baby as if the bond is still there and you can see the different stages”
Stay close and connected to the baby and/or 22 “It’s great to stay connected with my baby and my husband while I'm being stitched up, it avoids the loneliness that

experienced with my first daughter”

Possibility to mentally escape the operative

“I enjoyed seeing my child and not thinking about my operation, which is a phobia for me”
“I lived a very long and painful caesarean section and clearly this experience helped me to put this intervention into

reduce stress

. . - 21 perspective, detach myself from the surgical act and from the pain. Also, the fact that we don’t hear what is happening

setting and to think of something else in the operating room allows us to feel elsewhere than the operating room and this hyper-medical environment.”
“It allowed me not to focus on the end of my c-section but on the birth of my child.”

Beautiful experience leaving great memories | 19 “This is the most beautiful feeling I could live through images until now.”
Reassuring to see and/or hear the baby and “I was able to see our little girl being measured, weighed, changed, and cuddled. And so, I felt soothed because if
to know that everything is going well in the 15 something bad were to happen to me, at least she was in good health.”
other room “We see the next step in the care process. We don’t take our eyes off the baby”.
Witness the special moments that are the first
care of their baby and the skin-to-skin contact | 13 “This is an opportunity, and I think no one would want to miss the first moments of their child’s life.”
with the co-parent
The end of the CS passed more quickly 7 c}ﬁlysgi‘%fie{j more quickly, and I felt like there was less waiting time before seeing my child than during my first
Intervention allowing to calm down and 6 “Once the baby was out, I had a little moment of panic when I was being stitched up, the HMD helped me forget that

I was open on a table in the operating room”

Table 4. Responses to open questions regarding the satisfaction with the intervention.

Conclusion
The pilot suggests that HMD streaming of the newborn to the mother during the later stages of a cesarean section
could positively transform the childbirth experience. This method was well-received and easily integrated into
standard care without identified side effects.
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Variables Control group (n = 35) | Intervention group (n =36) | Test value | p-value
Skin-to-skin contact variables

Initiation of skin-to-skin contact, n(%) 15 (42.8) 23 (63.8) 3.15¢ ns
Time of skin-to-skin contact in minutes, mean(SD) | 17.47 (9.14) 12.52 (5.66) -2.06" s

HMD variable

HMD time in minutes, mean(SD) - 18.61 (12.32)

Unfavorable symptoms

Nausea, n(%) 19 (54.28) 24 (66.66) 1.14¢ ns
Vomiting, n(%) 4(11.43) 5(13.89) 1.00" ns
Headaches, n(%) 1(2.86) 3(8.33) 0.615 ns

Table 5. Variables during the Cesarean section. Note:' Student’s t-test. ¢ Chi? test./ Fisher’s exact test. HMD:
Head-mounted display.

Data availability
Data will be made available upon reasonable request by contacting the corresponding author.
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