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ABSTRACT

Background This service evaluation describes the rapid
implementation of self-monitoring of blood pressure
(SMBP) into maternity care at a tertiary referral centre
during the COVID-19 pandemic. It summarises findings,
identifies knowledge gaps and provides recommendations
for further research and practice.

Intervention Pregnant and postpartum women monitored
their blood pressure (BP) at home, with instructions on
actions to take if their BP exceeded pre-determined
thresholds. Some also conducted proteinuria self-testing.
Data collection and analysis Maternity records, app
data and staff feedback were used in interim evaluations
to assess process effectiveness and guide adjustments,
employing a Plan-Do-Study-Act and root cause analysis
approach.

Results Between March 2020 and August 2021, a total
of 605 women agreed to self-monitor their BP, including
10 women with limited English. 491 registered for
telemonitoring (81.2%). 21 (3.5%) took part in urine self-
testing. Engagement was high and increased over time
with no safety issues. Biggest concerns related to monitor
supply and postnatal monitoring. In December 2020, SMBP
was integrated into the standard maternity care pathway.
Conclusions This project demonstrated successful
integration of SMBP into maternity care. Early stakeholder
engagement and clear guidance were crucial and
community midwifery support essential. Supplying BP
monitors throughout pregnancy and post partum could
improve the service and fully digitised maternity records
would aid data collection. More research is needed on
SMBP in the postnatal period and among non-English
speakers. These findings support efforts to implement
app-supported self-monitoring and guide future research.

INTRODUCTION

Problem

In April 2020, in response to the COVID-19
pandemic and the need to limit in-person
consultations,' * the Royal College of Obste-
tricians and Gynaecologists (RCOG) issued
national guidance endorsing self-monitoring

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The use of home blood pressure (BP) monitoring in
pregnancy has become increasingly common, with
a growing evidence base suggesting it can empow-
er women and streamline care. With the onset of
COVID-19 pandemic, home BP monitoring acquired
new importance within maternity services with its
potential to facilitate virtual consultations and there-
fore limit transmission of the virus.

WHAT THIS STUDY ADDS

= This quality improvement project demonstrates how
home BP monitoring, using digital app technology,
was successfully integrated into standard mater-
nity care at a large English NHS Trust during the
pandemic.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The findings of this report can be used to support ef-
forts to embed app-supported home BP monitoring
within other maternity settings and to guide future
research efforts.

of blood pressure (SMBP) in pregnancy and
post partum.3 This initiative was supported
by NHS England and NHS Improvement
(NHSE/I) who provided 16000 blood
pressure (BP) monitors to NHS maternity
providers to distribute free of charge.* This
paper describes the implementation of SMBP
within maternity services at Oxford University
Hospitals NHS Foundation Trust (OUH), a
large teaching Trust located in South-Central
England.

Available knowledge

Hypertensive diseases in pregnancy (HDP)
affecting 5-10% of pregnancies in the UK’
are a significant cause of morbidity and
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mortality requiring close observation during pregnancy
and post partum.”

Home BP monitoring, or self-monitoring (SMBP), is
well established within the general hypertensive popula-
tion® and has garnered increasing interest within mater-
nity services. Previous research found that around 20%
of pregnant women and half of hypertensive pregnant
women in the UK self—monitored,7 and most UK obste-
tricians consider SMBP relevant to the management of
pregnancy hypertension, particularly since COVID-19.

SMBP has been proven safe, feasible and acceptable to
both pregnant women and clinicians, potentially empow-
ering women in their care.” A pilot study found SMBP
facilitated self-titration of BP medication post partum.'
Recent randomised controlled trials found SMBP made
no difference to the timing of hypertension diagnosis, or
its control during pregnancy; however, the participants
with hypertension reported high home readings prior
to diagnosis, suggesting SMBP could expedite care.'” "
Further research is needed to maximise SMBP benefits.

With the arrival of COVID-19, burgeoning interest in
SMBP acquired a new urgency, leading to its rapid imple-
mentation within maternity services and an opportunity
to undertake real-world analysis.

Rationale and specific aims

At OUH, SMBP was implemented as a quality improve-
ment project (QIP), with interim evaluations and data
analysis to assess effectiveness and inform adjustments.
This report aims to evaluate processes and outcomes,
identify barriers and facilitators and address knowledge
gaps to facilitate the uptake and sustainability of SMBP
within other maternity services.

METHODS

Context

OUH is a large teaching Trust which oversees more than
7500 births per year."” From March 2020, in response
to the COVID-19 pandemic, SMBP was phased in to
reduce outpatient attendances for women requiring
more frequent BP monitoring during pregnancy while
providing an additional safety net. A standard operating
procedure was developed following RCOG recommenda-
tions” based on the BUMP 1 and 2 (Blood Pressure Moni-
toring in High-Risk Pregnancy to Improve the Detection and
Monitoring of Hypertension) trial designs.'*

Theoretical framework

The project followed the Plan-Do-Study-Act (PDSA)
model'® to continually assess and adapt. This involved
setting goals and methods, implementing and recording
the process, evaluating effectiveness and refining the
intervention for standard practice. This cyclical approach
was effective in responding to evolving pandemic-related
changes in maternity services. Details of each phase are
provided in the following sections, with some narrative
overlap reflecting the iterative nature of the project.

The PDSA model incorporated root cause analysis' to
identify and address the underlying issues. This involved
defining problems, collecting data, identifying causal
factors and root causes and implementing solutions
where possible.'” Pandemic constraints meant this had to
be rapidly conducted as issues arose, with limited oppor-
tunities for formal reflection. However, retrospectively
exploring the process provides insight into how a robust
SMBP service could be sustained over the longer term.

Objectives (Plan phase of the PDSA cycle)
Primary objective—to safely minimise in-person consulta-
tions during the pandemic for women at risk of complica-
tions related to hypertension in pregnancy.

Secondary objective—to explore the feasibility of embed-
ding SMBP into standard maternity care beyond the
pandemic.

Intervention and strategies for implementation

Eligibility (Plan phase)

The service was offered to pregnant women diagnosed
with hypertension and those at ‘high risk’ for hyper-
tension® (online supplemental appendix A). Physicians
could also include, at their discretion, women with raised
uterine artery Doppler measurements, or two or more
‘moderate risk factors’ for HDP as per National Institute
for Health and Care Excellence guidelines'® and post-
partum women. Women requiring admission under Trust
guidelines (eg, severe hypertension or pre-eclampsia with
adverse features) were excluded. Individual risk assess-
ments were conducted among those with limited English
to determine their capacity to self-monitor independently,
and to interpret and communicate results in English.

Enrolment (Do phase of PDSA cycle)

Initially, eligible women received BP monitors and urine
testing strips during hospital antenatal appointments. By
January 2021, community midwives took on the responsi-
bility for determining eligibility and supplying monitors.
Inpatient ward staff could also enrol eligible women upon
discharge. A research midwife and two obstetric regis-
trars (LL, AC and SD) registered women on the BUMP+
system (a remote monitoring digital platform) to enable
access to the App.

Self-monitoring (Do phase)
Women were supplied with a semiautomated (Cradle
VSA!") or automated (Microlife WatchBP Home A?)
home BP monitor and a cuff sized according to their arm
measurements. The Microlife monitors—validated for use
in pregnancy and pre—eclarnpsia19 #_were loaned and
later donated to the Trust by the sponsors of the BUMP
1 and 2 trials. Some women had their own BP monitors
which midwives ensured were correctly validated and
appropriately sized.

Urine testing strips for proteinuria self-testing were
provided at the obstetrician’s discretion (vs a prescribed
protocol). Women were asked to test their urine on
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Figure 1

the morning of their virtual appointments with results
discussed during consultations.

A clinical team member demonstrated use of the BP
monitor and urine testing strips supplemented by written
and visual instructions. Women in group 2 (normoten-
sive) were asked to take two BP readings, at least 1 min
apart, three times a week and on the morning of any
clinic appointments. Those in group 1 (hypertensive)
were asked to monitor daily.

Before the mobile phone application (subsequently
referred to as ‘the app’) was introduced, women recorded
their readings in a paper diary which they shared with
clinicians during consultations. The women received
written instructions on actions to take if their BP crossed
prespecified thresholds according to RCOG guidelines
(online supplemental appendices B and C).

Mobile phone application (Do phase)
The app (initially called the BUMP system) was originally
developed for the BUMP 1 and 2 research trials.”* ' In
July 2020, it was updated by the research team to create
the BUMP+ apr1 in response to COVID-19 (figure 1).

The app enabled women to digitally record their BP
readings which were automatically sent to the secure NHS
server, and to receive feedback. It included rule-based
algorithms based on threshold BP tables (online supple-
mental appendices B and C) which processed the BP
readings and sent a message indicating: (1) the BP level,
(2) the participant’s next action and (3) the suggested
frequency of BP readings (online supplemental appendix
D and C provides further details).

Obstetricians could remotely view submitted readings
through a secure website, but not in real time. Training
emphasised that women should seek advice from a

Summary of the BUMP+ app system architecture. BP, blood pressure.

healthcare professional if prompted by the app feedback
or written guidance.

Incorporation of self-monitoring into virtual follow-up (Do phase)
Throughout the pandemic lockdowns, in-person appoint-
ments for BP monitoring were often replaced with tele-
phone or video consultations. These appointments
supplemented rather than replaced routine antenatal
care for women needing additional BP surveillance.

Evaluating the intervention (Study phase)

Measures and analysis

Progress was evaluated in a continuous and iterative

fashion using the following indicators:

For the primary objective we compared the number of
in-person consultations before and after implementing
SMBP and assessed safety outcomes via:

»  Ongoing informal evaluation. The reduction of in-person
consultations was evidentin real time as remote consul-
tations alongside SMBP were incorporated. Safety was
monitored on a case-by-case basis, with obstetricians
determining appointment frequency and type. Any
safety concerns were promptly addressed by the clin-
ical team (Study/Act phases).

» Interim service evaluation involving a medical notes review.
In December 2020, an interim analysis compared
remote and in-person antenatal consultations for
women who used SMBP and gave birth between March
2020 and August 2021, including Day Assessment Unit
(DAU) attendances for BP surveillance.

» Pregnancy outcomes and demographic data. Simple descrip-
tive statistics of pregnancy outcomes and demographic
data of SMBP users who gave birth by August 2021
provided additional insight into safety and participant
characteristics. However, for confidentiality reasons
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Figure 2 Box plots (median, IQR) of the number of blood pressure (BP) readings submitted per user and per month, between
July 2020 and August 2021. SMBBP, self-monitoring of blood pressure.

these details are not presented here. This manuscript
focuses rather on sharing knowledge gained and
lessons learnt while implementing SMBP, particularly
regarding sustainability, rather than examining the
intervention’s benefits and risks.

For the secondary objective we sought to evaluate the accept-

ability of the intervention to service users and care

providers and identify any sustainability issues via:

»  Service user and clinician feedback. Continuous feedback
on SMBP’s acceptability was collected informally from
both service users and clinicians. Regular meetings
were held between those overseeing the service and
representatives from various clinical areas to assess
progress, evaluate BP, monitor stocks and resolve
any challenges (Study/Act phases). Initially biweekly,
these meetings became less frequent as SMBP became
established. User feedback was also compiled through
qualitative interviews for a broader national evalua-
tion, published separately.*

» Intervention fidelity data. Insight into SMBP’s accepta-
bility was also gained from intervention fidelity
data, collected during the interim service evaluation
for those enrolled on the app (figure 2). While we
aimed for high engagement we did not set a specific
fidelity rate due to the circumstances surrounding the
intervention.

» Gap analysis. In March 2021, a gap analysis involving
nine community midwifery teams was conducted to
address SMBP-related queries and identify concerns.
Key findings were summarised and disseminated to
the teams for validation before implementing recom-
mended actions (Study/Act phases).

This service evaluation encompasses results from the gap

analysis, interim service evaluation, DAU attendances and

data on pregnancy outcomes and app usage from March
2020 to August 2021, all presented under the Revised
Standards for Quality Improvement Reporting Excel-
lence framework.*

RESULTS

Enrolment

Between 17 March 2020 and 31 August 2021, a total of
605 women consented to SMBP—377 women with hyper-
tension (group 1) and 228 women at higher risk of devel-
oping hypertension (group 2). 21 women were addition-
ally provided with urine testing strips.

App usage

The BUMP+ app was introduced in July 2020, and up to
31 August 2021, a total of 391 women with a confirmed
delivery date had been registered on the BUMP+ system.
This included 52 women who began self-monitoring prior
to the app’s introduction and subsequently switched from
paper diaries to the app. An additional 114 women used
paper diaries only to record their readings.

Of the 391 women using the app, 85% (n=333) were
active users—meaning they submitted at least one BP
reading per month. The mean number of readings per
woman within this group was 45.8 (median 31, range
1-373).

Within the local guidelines, SMBP was reserved for
antenatal use only, with individual exceptions made for
postpartum women at the discretion of their obstetrician.
However, a number of women continued to monitor their
BP following birth. According to the data retrieved from
the BUMP+ system:
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» 95% (n=333) of the women submitting more than
one reading per month did so in the antenatal period.

» 4% (n=14) commenced monitoring in the post-
partum period only.

» 23% of women (n=78) submitted both antenatal and
postnatal BP readings.

Of the 78 women who submitted readings both before

and after birth, 28 continued monitoring for over 21 days

post partum, while 15 submitted readings for more than

50 days.

The most common times for submitting readings
were morning and evening, with the majority of women
measuring their BP at approximately 22:00 hours.

On average, women commenced self-monitoring
around 25 weeks’ gestation (median 25.3 weeks, mean
25.6 weeks). The mean length of gestation was 38 weeks
(median 39 weeks, range 25.3-42.1 weeks).

Intervention fidelity

The total number of monthly readings submitted to the
BUMP+ system via the app increased over time (figure 2)
as did the number of users.

28% (n=110) of women did not receive any ‘overdue’
reminders, 72% (n=281) received at least one ‘overdue’
reminder. Of these, 62% (n=173) received at least two
‘overdue’ reminders.

10 women with limited English were registered on the
BUMP+ system, seven of whom submitted BP readings as
requested. Three did not submit any readings; however,
they were followed up by their clinicians.

Pregnancy outcomes
27% of the women (n=105) developed raised BP
(2140 mm Hg) prompting their transfer from group 2 to
group 1 where they increased their home monitoring to
daily readings.

17% (n=105) of women had a diagnosis of pre-eclampsia
documented at delivery.

Consultations

In December 2020, an interim service evaluation involving
maternity notes review of 290 women who had given birth
showed that the majority of antenatal consultations taking
place were in person (n=1112 vs 605 tele/video).

DAU attendances for BP review following SMBP adop-
tion showed an overall decline between March and
November 2020 compared with the preceding 2months
(ranging from 8 per month before pandemic to 0 per
month during pandemic), with the exception of June
when UK COVID-19 restrictions were initially eased
(eight attendances).

Sustainability (Act phase)

Initially, the SMBP service was managed by hospital-
based antenatal clinics with assistance from staff expe-
rienced in SMBP clinical trials. However, as the service
expanded it became challenging to centrally track the
monitors. Responsibility for this task shifted to commu-
nity midwifery teams, each equipped with a supply of

monitors. Eligible women received monitors from their
community midwives and returned them at the final post-
natal visit. Some women had their own monitors which
midwives were responsible for ensuring were correctly
validated. The high-risk antenatal clinic and inpatient
wards also maintained a supply of monitors for women
who might not see community midwives.

To facilitate enrolment on the app and maintenance
of a central database, all referrals were initially sent to
a secure email account then later the electronic patient
record system, with ongoing communication maintained
by the secure email account.

In December 2020, SMBP, supported by the app and
the BUMP+ system, was embedded in the trusts’ standard
maternity care pathway.

Contextual elements that interacted with the intervention
and unexpected consequences

Feedback from the gap analysis in March 2021 was gener-
ally positive but highlighted some key issues hindering
the service. Obstetricians sometimes instructed women to
see their midwives as frequently, contrary to SMBP guide-
lines, which created extra work for the midwives (SMBP
was meant to replace additional BP monitoring checks,
not routine antenatal care).

Some midwives were uncertain about postnatal SMBP
eligibility criteria and some mistakenly believed the app
data were routinely monitored by clinicians. Each commu-
nity midwifery team therefore designated an SMBP cham-
pion to oversee the service within their team, answer any
questions that might arise and ensure the guidelines were
being followed correctly.

Urine self-testing was initially part of the service, but
its use declined over time. No new testing strips were
procured after the initial stock ran out, as they were
often surplus to requirements and costly. Consequently,
community midwives sometimes had to conduct urine
testing themselves, undermining the self-monitoring
objective.

The main challenge has been maintaining a consistent
supply of BP monitors, particularly those with large cuffs.
Initially the Trust received 300 monitors from NHSE/I,
plus a further 100 from the BUMP trial. Another 100 moni-
tors were purchased in March 2021, after the decision was
made to embed SMBP permanently, but retrieving the
monitors proved time consuming and resulted in tempo-
rary service suspensions. Some women purchased moni-
tors themselves, but not all could afford them with prices
starting at £40.00.** Collecting the monitors on discharge
helped increase availability but stock issues persist.

The community midwives’ feedback informed updates
to the SMBP guideline, which were disseminated to rele-
vant staff along with reminders and additional resources
via email.

Data quality
Accessing complete clinical data was challenging due to
the use of both digital and handheld maternity records,
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compounded by pandemic restrictions limiting access to
handheld notes. This impacted data collection and anal-
ysis capabilities; however, the introduction of the app
streamlined SMBP data collection and fidelity assessment.
While birth outcome data and most of the maternal
demographic data were complete, itis not presented here
due to ethical considerations.

DISCUSSION
Key findings
In April 2020, OUH Trust rapidly implemented SMBP
following RCOG pandemic guidance backed by strong
institutional support and extensive BP monitor procure-
ment. The BUMP+ appand clinician web interface facil-
itated BP data recording and transmission, fostering
patient engagement, including among non-English-
speaking women. The PDSA model allowed for continuous
evaluation and adaptation amid the pandemic supported
by regular meetings and service evaluations for real-time
problem resolution. Delegating responsibility to commu-
nity midwives enhanced intervention management and
tailored support for women. No adverse safety events
were linked to the intervention, and embedding SMBP
into the Trust’s maternity care pathway in December 2020
marked a significant step towards long-term sustainability.
Challenges during implementation included: obstetri-
cians deviating from SMBP guidelines, midwives lacking
access to BP readings on the BUMP+ website, confusion
over postnatal SMBP, misconceptions about clinician
monitoring of BUMP+ data, limited urine self-testing

and difficulty managing monitors centrally. Responsi-
bility shifted to midwifery teams, improving distribution
but sometimes increasing workload. The biggest ongoing
challenge was maintaining a consistent supply of BP moni-
tors, particularly those with large cuffs, resulting in occa-
sional service suspensions. Some women purchased their
own monitors leading to disparities in service provision.

Root cause analysis (figure 3) reveals several sources
of difficulties, including the speed of implementation,
access issues, policy and training gaps, communication
issues and logistical challenges. These stemmed from the
urgency of the pandemic, which necessitated a significant
and rapid shift in established practice at a time when
maternity services were under extreme pressure,” and
exacerbated supply management and integration and
access issues. Cultural and language considerations also
had to be addressed.

Actions were taken to address the challenges: training
protocols were enhanced, communication channels
strengthened, resource allocation improved and processes
were streamlined to alleviate the burden on community
midwives. These measures enhanced SMBP implementa-
tion and overcame initial obstacles. Continued efforts will
ensure its long-term sustainability.

Implications for practice and future research

Considering challenges in monitor retrieval, lack of
postnatal SMBP and increased long-term hypertension
rates, a case exists for allowing women to permanently
keep monitors. Retrieving monitors is time consuming

Challenges

Inconsistent care plans; Limited midwifery access to
monitoring data; Unclear postnatal SMBP eligibility;
Misunderstandings about the app's role;
Underutilization of urine self-testing; Monitor supply
and retrieval issues

Speed of
Implementation

—— Access issues

Policy Gaps [+ Training Gaps

Causal Factors

Communication | | | Logistical
Issues Challenges
[ [ [ |
System under Supply Inadeguate Cultural and
Management Integration and Language
pressure . .
Issues Access Considerations

Root Causes

Figure 3 Analysis of the causal factors and root causes of challenges encountered during implementation of self-monitoring of

blood pressure (SMBP).
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and often fruitless, and evidence supports SMBP’s cost-
effectiveness.”” *® The monitors purchased by the Trust
ranged from £23.99 to £40.00 each (excluding value-
added tax), while an antenatal check in the community
costs £561 and a postnatal visit £62.23. If SMBP avoids one
face-to-face visit, it offsets the monitor cost. Budgeting for
monitors ‘on prescription’ could optimise resource use
and ensure equitable SMBP access.

There is no physiological rationale for hypertensive
women stopping SMBP upon birth; evidence supports
ongoing monitoring. Postnatal hypertension can persist,
orworsen,”* sometimes requiring hospital readmission.
Studies indicate high rates of nocturnal and masked
hypertension 6-12 weeks post partum in women with pre-
eclampsia,” suggesting persistent hypertension may go
undetected. HDP is also a significant risk factor for future
cardiovascular disease,” and emerging evidence suggests
the degree to which BP is controlled post partum influ-
ences longer term BP regulation.'*

More research is needed to guide the use of SMBP in
non-English-speaking women. While SMBP acceptability
has been studied among various ethnic groups in the
general population,” evidence specific to non-English
speakers is lacking.”"® Women with limited English are
at higher risk of poor pregnancy outcomes® and could
benefit substantially from SMBP. This project demon-
strates that with adequate support, these women can
undertake SMBP effectively, but further evidence-based
guidance is needed.

Urine self-testing kits could enhance SMBP bene-
fits. Research shows women can accurately screen for
proteinuria,” and urine self-testing combined with SMBP
could reduce clinic visits, offering greater choice, conve-
nience and efficiency while alleviating maternity service
pressures.

Community midwife support was key to successful
implementation of the service and their ongoing
support is crucial to future sustainability. However,
without access to the women’s app readings, the full
benefits of the service from a midwifery perspective
could go unrealised and undermine this support over
time.

Community midwives now manage logistical aspects
previously handled by obstetricians and a research
midwife, ensuring sustainability and efficient resource
use. Alternatively, maternity support workers could
oversee aspects of the service. Providing community
midwives access to the BP readings website would enhance
their engagement, achieved through a single user login
per team. Future integration of the app with electronic
patient records could improve efficiency and accessibility
to relevant clinicians.

The original BUMP system was developed for research
purposes and updated to a viable clinical solution by
the research team in response to the pandemic circum-
stances. Long-term provision requires support from the
Trust’s software development and information tech-
nology teams or transfer to a commercial option.

Limitations and barriers

The COVID-19 pandemic expedited SMBP adoption at
OUH leveraging existing familiarity with the intervention
gained via participation in SMBP related trials. Direct
support from those already familiar with the intervention
also facilitated this process. For maternity care providers
lacking similar experience and support, SMBP implemen-
tation could prove more challenging.

Our findings may also be less applicable across more
ethnically diverse populations, particularly those with a
higher proportion of non-English-speaking women.

The urgency with which SMBP had to be implemented,
and the use of both paper and electronic maternity
records at the Trust, made data collection and analysis
difficult. Estimating SMBP’s full impact on hospital and
clinic attendances was consequently challenging. Central-
ising referrals to a secure email account enhanced
database accuracy while involving a data manager and
introducing the BUMP+ system improved data collection.
However, fully digitised maternity notes and standardised
SMBP documentation methods from the outset would
have streamlined the process.

SUMMARY

The purpose of this QIP was to safely minimise in-person
consultations while maintaining essential surveillance of
women at risk of HDP-related complications at the height
of the COVID-19 pandemic. A PDSA approach enabled
ongoing assessment and iterative adjustments to be made
in support of this objective. Strong institutional support,
national guidance and a large supply of BP monitors facil-
itated successful implementation, with high engagement
and safety observed. Challenges included deviations
from guidelines, limited access to SMBP readings for
midwives and confusion over postnatal use. Maintaining
a consistent supply of BP monitors, particularly those
with large cuffs, was the biggest challenge, and allowing
women to keep monitors permanently could address
this. Further research is needed to support SMBP use in
women with limited English and explore urine self-testing
alongside SMBP. Transitioning to fully digitised mater-
nity records would facilitate data collection. Overall, this
project highlights the successful integration of SMBP into
maternity care amid the pandemic, with valuable lessons
learnt for sustainability and future improvement.
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