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ABSTRACT

Introduction Around 4% of babies are in breech
presentation at the end of pregnancy but up to 43% of
these are missed by abdominal palpation alone. Since
women in the UK without additional risk factors do not
routinely receive a scan in the third trimester, around
1%—-2% of women present with undiagnosed breech
presentation in labour, which is associated with poorer
outcomes for both mothers and babies. Research
suggests a point-of-care ultrasound (PoCUS) scan in late
pregnancy could improve the rate of breech presentation
detection. The Sono-breech study aims to determine the
diagnostic accuracy and acceptability of handheld scans
performed by midwives for fetal presentation at 36 weeks
and how cost-effective this would be to implement in
routine antenatal care in the National Health Service
(NHS).

Methods and analysis Prior to delivering the study,
midwives receive training for the detection of presentation
and fetal heart rate using handheld ultrasound equipment.
The study will take place in at least 10 NHS Trusts across
England selected to ensure a diverse participant population
and to include under-researched settings. Between 35*°
and 36" weeks’ gestation, women who consent to the
study will receive a scan for fetal presentation performed
by a midwife using a handheld PoCUS device alongside
routine antenatal checks, including palpation. Before

the end of the next day, they will receive a conventional
ultrasound scan performed by a practitioner deemed
already competent at obstetric scanning. This scan will be
considered the gold standard for presentation. All results
will be recorded in the Sono-breech REDCap database.
Women with babies in non-cephalic presentations

will be referred to their local NHS Trust pathway for
further management. Diagnostic accuracy (sensitivity

and specificity) will be computed from the comparison
between findings at the midwife-performed scan and the
conventional ultrasound scan.

Birth outcome data will be collected from the participants’
medical notes after they have given birth. Aggregate birth
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study is undertaken in both hospital and com-
munity settings, increasing the relevance and ap-
plicability of the findings to routine antenatal care.

= The mixed-methods design, incorporating qualita-
tive and health economic evaluations alongside the
diagnostic accuracy study, enables assessment of
the acceptability and feasibility of handheld point-
of-care ultrasound.

= Use of conventional ultrasound as the reference
standard for all participants minimises verification
bias and provides robust estimates of diagnostic
accuracy.

= Although the interval between the handheld ultra-
sound scan and conventional scan was selected to
balance feasibility with minimising changes in fetal
presentation, spontaneous version of the fetus be-
tween scans may still occur, is impossible to con-
trol for and could influence estimates of diagnostic
accuracy.

data regarding the rate of undiagnosed non-cephalic births
will be collected from all women who deliver at each site.
Midwives who take part in the study will be invited

to participate in focus groups or interviews about the
implementation of the scan into routine care. Non-
participant observation will take place during midwife
training sessions and antenatal clinics in specific
participating trusts.

6-12 weeks after birth, some women will be invited to
take part in an interview to explore their experience with
the handheld scan.

6 weeks after birth, all women will be sent two
questionnaires by email. These questionnaires will be

used in combination with the birth outcome data and NHS
tariffs to calculate the cost-effectiveness of introducing the
handheld scan into routine antenatal care in the NHS.
Study registration ISRCTN11748052.
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Ethics and dissemination The study has obtained approval from the
West Midlands—South Birmingham Research Ethics Committee and was
approved by the Health Research Authority and Health and Care Research
Wales. Publication will be in line with the National Institute of Health and
Care Research (NIHR) Open Access policy.

INTRODUCTION

Around 4% of babies are in breech presentation at the
end of pregnancy. In the UK, women without additional
risk factors do not receive a scan in the third trimester;
therefore, fetal presentation is primarily determined by
abdominal palpation. Up to 43% of breech presentations
may be missed by palpation,' meaning breech presenta-
tion may not be diagnosed until the onset of or during
labour. At this point, turning the baby by external cephalic
version is usually not possible and is only attempted when
the breech is not engaged (eg, in a footling breech).” This
means there is little time for the woman to fully consider
the risks and benefits of having an emergency caesarean
section or vaginal breech birth, and women often feel they
have little choice.” This situation is complicated further
by midwives reporting they feel inadequately trained in
managing vaginal breech delivery, and the Royal College
of Obstetricians and Gynaecologists acknowledges a lack
of experience and loss of skills in delivering breech babies
vaginally in the UK.”

Vaginal breech birth increases the risk of fetal injury,
low Apgar scores and perinatal morbidity and mortality,”™
and Caesarean section increases the risk of maternal
morbidity® as well as increasing the risk of complica-
tions in future pregnancies. 12% of major litigation
claims related to cerebral palsy between 2012 and 2016
involved breech birth, the majority of which were undi-
agnosed breech presentations in labour,” and there have
been damages settlements of up to £37 million for a baby
injured during an undiagnosed breech birth.'" Further-
more, a birth that significantly deviates from the birth
plan is associated with an increased risk of perinatal post-
traumatic stress disorder.'" Therefore, diagnosing breech
presentation before the onset of labour allows for a safe,
realistic birth plan to be made.

Recently, there has been an increase in the use of point-
of-care ultrasound (PoCUS) across a number of medical
specialties, including in-hospital settings such as emer-
gency medicine' and cardiology,"” and out-of-hospital
settings such as critical care transport.'* PoCUS devices
are small, portable and easy to use and provide an invalu-
able tool to address a specific question in real-time at a
patient’s bedside. With this increased use of PoCUS,
there is an opportunity for midwives to undertake late
pregnancy scans in all settings. Ultrasound is the gold
standard for confirming fetal presentation, but midwives
are not routinely trained in ultrasound in the UK. A
retrospective study has shown that an ultrasound scan at
36weeks’ gestation, either by a midwife using a PoCUS
device or by a sonographer using a conventional ultra-
sound machine, reduces the incidence of undiagnosed
breech and its associated outcomes“"; however, there has

not yet been a prospective study to assess the impact of
PoCUS for this purpose. A survey has determined that
midwives are keen to develop this new skill.'®

The NIHR-funded Sono-breech study aims to deter-
mine the diagnostic accuracy and acceptability of
midwife-performed PoCUS scans for fetal presentation at
36weeks’ gestation. A health economics study will deter-
mine the cost-effectiveness of introducing this scan into
routine antenatal care in the National Health Service
(NHS).

METHODS AND ANALYSIS

Diagnostic accuracy

Eligibility criteria for pregnant women:

» Live, singleton pregnancy.

> 35'-36" weeks’ gestation.

» Able to give valid, informed consent.

» Commitment to attend a second scan within 1 day.

At routine antenatal appointments, women will be
informed about the study. Posters (see online supple-
mental appendix 1) will be placed in areas such as the
antenatal clinic, and participant information sheets are
available. The participant information sheet has been
translated into five additional languages (Arabic, Hindi,
Polish, Romanian and Urdu).

At an antenatal appointment between 35" and 36
weeks’ gestation, participants will be consented to take
part in the study. Consent will be recorded using the
REDCap database (see online supplemental appendix
2). The appointment may take place in the hospital or
the community. Once consent has been obtained, the
midwife will perform antenatal checks, including palpa-
tion for presentation, documenting their findings on
the REDCap database. The midwife will then perform
a scan using a handheld PoCUS device to check fetal
presentation and viability, again documenting their find-
ings in real-time on REDCap. Presentation is categorised
as cephalic, breech, oblique/transverse or uncertain/
unknown. For the purpose of the study, the categories will
be dichotomised as cephalic or non-cephalic.

Before the end of the next day, the participant will then
receive a second ultrasound scan by an ultrasound practi-
tioner (eg, sonographer or obstetrician) using a conven-
tional ultrasound machine to confirm the midwife’s
findings. The second scan may be a planned routine scan
or may be an additional scan specifically for the study.
This scan will also include confirmation of viability and
measurement of the deepest vertical pool of amniotic
fluid.

If the participant is found to have a baby in cephalic
presentation, there will be no change to their pathway of
care. If the participant is found to have a baby in non-
cephalic presentation, they will be referred to their local
NHS Trust’s pathway for non-cephalic presentation at
36weeks.

The handheld PoCUS devices being used in the study
are the GE VScan Air (GE Healthcare Technologies,
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Chicago, Illinois, USA), Clarius C3 HD3 (Clarius Mobile
Health, Burnaby, BC, Canada) and Philips Lumify
(Philips Healthcare, Amsterdam, The Netherlands). For
the purpose of the study, the devices are considered to
have equivalent functionality and will not be compared;
the purpose is to test the concept of handheld scanning
rather than compare specific equipment. The ultrasound
image display is either on a smartphone or an e-tablet.

Training

Since midwives do not routinely receive ultrasound
training in the UK, there was a need to upskill midwives
before the start of the study. While training and compe-
tence have ultimately remained the responsibility of the
local principal investigators, an optional training pathway
was developed by the team at Imperial College London,
comprising a 2-hour ultrasound simulation training
session using Volutracer OPUS software, followed by
a half-day observation session with a sonographer and
completion of a competency log (10 fetal presenta-
tion scans, including one non-cephalic presentation
performed under supervision) in clinical practice. Once
midwives have completed the training pathway and
attended a presentation for the site initiation visit that
includes proportionate study-specific training on consent
and Good Clinical Practice, they are deemed competent
to scan as part of the Sono-breech study. Feedback from
these simulation sessions has shown that midwives feel
that simulation training is beneficial.'”

Acceptability

To ensure successful implementation of PoCUS in routine
antenatal care, it must be acceptable to both the service
users receiving the scan and the midwives performing
the scan. Acceptability will be assessed using a framework
evaluating healthcare interventions, which comprises
seven constructs.'® 6 Sono-breech sites will be selected
for the acceptability study to ensure representation across
different settings. The acceptability study will involve
interviews, focus groups and non-participant observation
with women and midwives to explore what they think
about the introduction of PoCUS into routine midwifery
antenatal care.

Participants

Study participants, selected to ensure representation
from those with both cephalic babies and breech babies,
will be interviewed to gain their thoughts on the scan.
Those who declined to have the scan but are happy to be
interviewed will also be contacted to explore the reasons
people may prefer not to have a PoCUS scan. They will be
contacted between 6 and 12 weeks after birth and invited
to take partin a I-hour semistructured interview at a time
and place (in person, online or via telephone) conve-
nient to them. An interview schedule based on the theory
of acceptability has been developed for the study. Women
who take part in an interview are offered a £25 voucher
for their time.

Midwives
Midwives from six sites, who are trained and performing
the PoCUS scans for the study, will be invited to partici-
pate in focus groups and/or interviews. The focus groups
and interviews will be semistructured and will follow a
schedule based on the theory of acceptability.
Non-participant observation will be undertaken during
PoCUS training and antenatal clinics. A member of the
acceptability qualitative research team will observe a
midwifery clinic and record observation notes, looking at
verbal and physical interactions and behaviours. This will
help identify potential facilitators and barriers to imple-
menting PoCUS into midwifery training and routine
antenatal care.

Health economics

The Health Economics study will assess the cost-
effectiveness of implementing the PoCUS scan at
36weeks’ gestation into routine care compared with the
current standard of care (abdominal palpation). This
will involve analysis of maternal and neonatal outcomes
(eg, cost of birth, cost of length of admission) as well
as self-reported outcomes, via self-completed question-
naires sent to the participant 6 weeks post-delivery (Birth
Experience Assessment Measure, developed by Univer-
sity College London and City St George’s, University of
London) and Infant Quality of Life Instrument (IQI).

Study timeline

Study set-up: up to 10 months. The study opened in August
2024, and recruitment will be open for 27 months, with
projected completion in November 2026 and follow-up
finishing by 12 weeks after the last participant has given
birth.

STUDY OUTCOME MEASURES

Note that for the purposes of this study, we will consider
the primary outcome to be a non-cephalic presentation
(breech+transverse /oblique).

Primary outcome

Diagnostic accuracy (sensitivity and specificity) of midwife-
conducted handheld PoCUS at 36 weeks for the detection
of non-cephalic presentation compared with ‘gold stan-
dard’ conventional ultrasound in the same women.

Secondary outcomes

(a) Acceptability to midwives and pregnant women of
handheld PoCUS in the detection of non-cephalic presen-
tation at term; (b) resource use, including mode of birth
and neonatal intensive care unit (ICU)—reasons for and
outcomes of admissions and length of stay obtained from
patient records for up to 28 days (table 1); (c) evaluation
of training requirements for midwives using handheld
PoCUS for fetal presentation; (d) prevalence of unde-
tected breech presentation in early labour in the cohort
undergoing PoCUS compared with those not undergoing
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Table 1

Maternal and neonatal outcomes collected from participants’ medical notes following delivery

Maternal outcomes

Neonatal outcomes

Maternal death
Postpartum haemorrhage (blood loss>500 mL)
Blood transfusion

Maternal ICU admission

Operative complication during a caesarean delivery (ureter,
bladder or bowel injury)

Episiotomy
Perineal tears and obstetric anal sphincter injury

Intrapartum or immediate postpartum infection requiring
treatment according to the sepsis protocol

Postpartum complications: vaginal haematoma, venous
thromboembolism, bowel obstruction

Length of postnatal hospital inpatient admission

Neonatal death
Apgar scores at birth: 1, 5 and 10 min

Umbilical cord gas pH level (arterial and venous) and base
excess (if collected)

Admission of the neonate within 24 hours to (a) NICU; (b)
SCBU and (c) transitional care

Neonatal trauma: bone fractures, skull haematoma,
intraventricular or intracerebral haemorrhage, occurrence of
brachial plexus injury, facial nerve palsy

Length of neonatal admission
Jaundice

ICU, intensive care unit; NICU, neonatal intensive care unit; SCBU, Special Care Baby Unit.

PoCUS; (e) Birth Experience Assessment Measure and
(f) IQL

Secondary outcomes (b), (e) and (f) will be analysed
as part of the economic evaluation to evaluate the cost-
effectiveness of handheld PoCUS compared with stan-
dard care.

DATA COLLECTION

Data for the primary outcome and secondary outcomes
(b), (d), (e) and (f) will be collected using a secure online
database (REDCap). Participants will be anonymised and
will receive a unique study number in the database. Their
telephone number and email address will be collected
and stored securely so that they can be contacted about
the questionnaires+interviews after delivery. The inter-
views, observations and focus groups that take place for
secondary outcome (a) will be recorded and transcribed;
they will be stored securely and then deleted. The data
for secondary outcome (c) will be recorded using self-
completed paper feedback forms.

Primary outcome data will be collected at the time of
the initial PoCUS scan and by the end of the next day
following the initial scan. Data for secondary outcome (a)
will be collected by the qualitative research team; accept-
ability to midwives will be assessed throughout the study
and acceptability to women will be assessed between 6
and 12 weeks post-delivery. Secondary outcome data for
outcomes (b) and (d) will be collected from the partic-
ipant’s medical notes by a research midwife. Outcomes
(e) and (f) will also be collected between 6 and 12 weeks
post-delivery via self-completed questionnaires sent to
the participant by email. Secondary outcome data for (c)
will be collected following midwife ultrasound training

sessions that took place in the set-up phase of the study, as
well as from observations by the qualitative research team.

Additional anonymous aggregate birth data will be
collected about all women who deliver at each site to
determine the number of undiagnosed breech births in
those who have not participated in the study.

Data analysis

Diagnostic accuracy study analysis plan

Diagnostic accuracy of at least 90%, as determined by
sensitivity and specificity, is required for the PoCUS scan
to be considered clinically useful. Sensitivity is the propor-
tion of true positives (correctly identified non-cephalic
presentation), and specificity is the proportion of true
negatives (correctly identified cephalic presentation).
We conservatively estimate sensitivity at 95% based on a
previous study, allowing estimation of diagnostic accuracy
with a 5% margin of error (lower CI 90%)."

The minimum acceptable criterion for sensitivity and
specificity is set at 0.9. Based on an expected sensitivity
of 0.95 (with alpha=0.05and power=0.90), at least 356
participants with non-cephalic presentation are required
to ensure that the lower limit of the one-sided CI is at
least 0.9. Assuming an expected specificity of 0.95, 371
participants with non-cephalic presentation are required
to ensure that the lower limit of the one-sided Cl is at least
0.9. The expected prevalence of non-cephalic presenta-
tion is 4.1%"’; therefore, at least 8683 participants are
required. The target for the study has been inflated by
10% to 9648 to account for issues such as missed second
scans and withdrawal of consent.

Throughout the study, the prevalence of non-cephalic
presentation and dropout rate will be monitored. If the
true prevalence is higher than 4%, fewer participants may
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be needed overall. Recruitment will continue until 356
non-cephalic presentations have been identified by the
sonographer scan with an accompanying PoCUS scan
result.

Diagnostic measures of accuracy (sensitivity, specificity,
positive predictive value and negative predictive value)
will be reported with 95% CIs. We will use asymptotic
normal distribution theory to calculate joint CIs for both
sensitivity and specificity. We will calculate the 97.5%
univariate Cls for the True Positive Fraction (sensitivity)
and False Positive Fraction (l-specificity) and use these
to calculate a rectangular region that represents the joint
95% CI for both sensitivity and specificity.*' ** Sensitivity
analyses will compare diagnostic accuracy measures in the
complete case population with imputed worst/best-case
scenario measures. Separate sensitivity analyses will be
carried out excluding participants not between 35" and
36'% weeks of gestational age and women who have the
handheld and confirmatory ultrasound scans more than
1day apart.

Both diagnostic tests are expected to occur on the
same day; however, the time interval between the PoCUS
and sonographer scan will be summarised, and any ‘out-
of-window’ assessments will be reported. We will also
compare the primary outcome between in-house site
midwife training and Sono-breech study midwife training.

Secondary outcomes include non-cephalic presen-
tations that remain undiagnosed in labour, maternal
and neonatal outcomes, modes of delivery and non-
cephalic presentations missed by abdominal palpation.
Continuous outcomes will be summarised as means
with SD if normally distributed or medians with IQR if
data are skewed. Binary and categorical variables will be
summarised as frequencies and percentages.

All results and any adverse events (AEs) will be reported
according to the Standards for Reporting of Diagnostic
Accuracy Studies.

Acceptability study analysis plan

Interviews, focus groups and observations will be tran-
scribed and coded using the qualitative analysis software
NVivo. The analysis approach will employ a mixture of
deductive and inductive reasoning techniques. This
initial analysis will then be mapped against the theoret-
ical framework of acceptability,'® generating findings on
the willingness to change practice, any improvements to
maternity care experiences and study protocol fidelity.
Inductive, thematic analysis will produce cross-cutting
themes relevant to the acceptability and implementation
of PoCUS. The results of the analysis will be reported
using Standards for Reporting Qualitative Research.

Health economics analysis plan

The following costs will be calculated:

» Annuitised cost of handheld PoCUS scan per preg-
nant woman (based on study data, cost of equipment,
maintenance costs, lifetime of equipment and midwife
training costs).

» Cost of additional time needed in antenatal appoint-
ments to complete PoCUS scan (based on cost per
minute of midwives’ time).

» Cost per pregnant woman of the care pathway for fetal
position at 36 weeks and fetal presentation at delivery
(based on study data, cost of delivery, eg, emergency
vs planned caesarean, vaginal birth with and without
instruments).

The IQI and Birth Experience Assessment Measure-
ment questionnaires, plus their respective preference-
based tariffs, will be used to capture the preference-based
quality of life of newborns and mothers, respectively.

We will report descriptive statistics for cost-based and
preference-based outcomes for non-cephalic versus
cephalic presentations. A decision model will be devel-
oped to incorporate the information from the study
on handheld PoCUS sensitivity and specificity. This will
include an estimation of the reduction in emergency
caesareans and other related injuries following correct
identification of presentation-based study data with a
comparator for current practice based on data from the
literature. The primary analysis will be from a mater-
nity and neonatal perspective, with a time horizon from
36 weeks prenatal until 6-12 weeks postnatal. A secondary
analysis will take a lifetime horizon, incorporating lifetime
quality-adjusted life year losses and costs from maternal
and infant mortality from a health and personal social
services perspective.

Uncertainty, including cost-effectiveness acceptability
curves and cost-effectiveness planes, will be calculated
using probabilistic sensitivity analysis. Costs and outcomes
after 1 year will be discounted in line with National Insti-
tute for Health and Care Excellence (NICE) guidance.23
One-way, two-way and multi-way sensitivity analyses will be
conducted for any key assumptions made. Missing data
are most likely to be minimal for the delivery resource
use, but high for self-reported preference-based quality
of life. Descriptive statistics will be reported for complete
cases only, with sensitivity analyses looking at the use of
multiple imputation to impute missing data based on
predictors of missingness and assuming that data are
missing at random.

PUBLIC AND PATIENT INVOLVEMENT AND ENGAGEMENT

There has been public and patient involvement and
engagement (PPIE) throughout the study. The study was
initially designed with input from The Bridge, a local
community PPIE group led by the lead research midwife
from the Women’s Health Research Centre at Imperial
College London, UK.

During study set-up, a study-specific PPIE panel was
formed. The PPIE panel is led by the founder and chief
executive of Cysters,” a community-led charity that
works to promote the health, education and well-being
of mothers, particularly those from marginalised back-
grounds. The panel also includes representation from
the charities Tommy’s® (a pregnancy and baby charity),
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Sands®® (a pregnancy and baby loss charity) and Baby
Lifeline”” (a maternity safety charity), as well as doula
representatives from the Latin doula community and the
founder of Doulas Decolonising, all of whom are well
known within the community for their outreach work. The
head of research and development from Baby Lifeline is
also on the study steering committee. There are several
service users with lived experiences of breech presenta-
tion at term. There are representatives from maternity
community networks, such as Imperial Maternity Voices
Partnership, as well as those representing ethnic minori-
ties, neurodiverse and gender-diverse populations.

Cysters joined the project after the initial PPIE panel
had been recruited and undertook additional targeted
outreach through their established community networks
to recruit a more diverse group of PPIE members. This
resulted in the successful engagement of individuals from
marginalised backgrounds, many of whom had not previ-
ously participated in PPIE activities. Cysters conducted
one-to-one meetings with these members to explain
their roles in the research, build understanding of the
study and ensure they felt confident and supported to
contribute meaningfully. In addition to regular group
meetings, Cysters provided ongoing individual support
sessions to address questions, strengthen confidence
in speaking about the research and support members’
personal development, thereby enabling equitable partic-
ipation and reducing barriers to involvement.

The panel has met through the set-up and early phases
of the study, advising on the drafting of public-facing
and participantfacing materials, including the partici-
pant information sheet, consent form, health economics
questionnaires, Sono-breech website (https://www.
sonobreech.uk/) and social media. Feedback has been
incorporated into these materials to ensure they are
appropriate and accessible.

Adverse events

As the study is deemed low-risk, AEs are only collected
when they occur while the PoCUS or conventional
ultrasound scan is being delivered. AE is defined as any
untoward medical occurrence in a patient or clinical study
subject. Serious AE (SAE) is defined as any untoward
medical occurrence or effect that results in death, is life-
threatening, requires hospitalisation or prolongation of
existing inpatient hospitalisation, results in persistent
or significant disability or incapacity or is a congenital
anomaly or birth defect. We do not expect any AEs in this
study.

AEs should be reported in the participant’s medical
notes. Any SAEs should be reported to the chief investi-
gator within 24 hours, and related and unexpected SAEs
should also be reported to the Research Ethics Committee
(REC) within 15 days.

Ethics
The study received a favourable ethical opinion from
the West Midlands-South Birmingham REC and was

approved by the Health Research Authority and Health
and Care Research Wales. Each study site (NHS Trust)
must confirm capacity and capability to deliver the study
before any study activities can take place.

All those involved in delivering the study, including
midwives and sonographers, are required to attend a
presentation for the site initiation visit that includes details
about the study and study-specific information related to
taking consent for research, with proportionate Good
Clinical Practice training included.” All staff involved in
delivering the study are required to sign the study delega-
tion log and be suitably qualified to perform their roles in
the study by completing the study integrated training log.

The study is registered under ISRCTN11748052.

Dissemination plan

While the study is ongoing, updates will be available to
the public via the study website (www.sonobreech.uk) and
social media. The results of this study will be published
in high-impact scientific journals. A publication policy
will ensure efficient and transparent contributions to
publication.
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