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Executive Summary

This deliverable contains the work completed by Pilot Theme 3 of the SHAPES Pan-
European Pilot Campaign. It details the planning and outcomes of all activities and
tasks that have been completed in Phases 1 to 5 of the pilot campaign.

The work described here is the result of the collaboration and dedication of the whole
of Pilot Theme 3 including the pilot site leaders, replicating sites and technical partners
as well as significant contribution and assistance from other work packages within the
SHAPES consortium.

This report contains the following information:

1. Anintroduction and description of the rationale and purpose of Pilot Theme 3.

2. Detailed description of the work undertaken in Phases 1 to 5 by the four use-cases
evaluated in this pilot theme.

3. An ethical requirements check.
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1 Introduction

Pilot Theme 3 aims to address and improve deficiencies in the adherence to medicines
and treatments of older individuals living with permanent or temporarily reduced
functions or capabilities due to chronic age-related illnesses and living at home.

The anticipated benefit of this highly personalised approach to delivering healthcare
is to help participants self-monitor their health condition(s), physiological parameters
and medicines adherence. The personalisation approach advocated in this pilot theme
and practised in the different pilot activities will consider the early identification of side
effects and worsening of symptoms, and in some cases provide the opportunity to
adjust medicines and treatments so as to deliver a safer and more effective use of
medicines in-home, thus improving the quality of life of the care recipients and
reducing re-hospitalisation occurrences.

1.1 Rationale and purpose of the deliverable

This deliverable describes the work undertaken for Task 6.4: Pilot Theme 3: Medicine
Control and Optimisation. It describes the activities undertaken during each of the five
phases of the pilot, which closely followed the methodology outlined in Deliverable 6.1.

Pilot theme 3 was led by the Northern Health and Social Care Trust (NHSCT) in
Northern Ireland. Within this pilot theme there were multiple ‘use cases’ each
deploying and evaluating different digital solutions according to the type of support
required. Four use-cases were used to represent this pilot theme:

UC-PT3-General: Supporting multi-morbid older patients (lead site; NHSCT:
replicating site; UNRF)

UC-PT3-001: In-home decompensation prediction for heart failure patients (lead site;
CH: replicating site; GEWI)

UC-PT3-001c: Advanced telemonitoring of patients with heart failure in home
environment (lead site; FNOL)

UC-PT3-copd: Advanced telemonitoring of patients with chronic obstructive
pulmonary disease (COPD) in home environment (lead site; FNOL)

1.1.1 Deliverable Objectives

The objectives of this Deliverable were:
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e Introduce the 4 use cases in pilot theme 3 and describe all work completed on
the pilot theme.
e Describe the methodology used to conduct Phases 1-5 (Figure 1) at each of
the pilot sites involved in PT3.
e Report on the key findings at each phase.

1.1.2 Key inputs and outputs

SHAPES Ecosystem:
SHAPES Persona & Use Cases (WP2); User Requirements (WP3)

. Pilot Activities (T6.2-T6.8)

Co-Creation Co-Design Co-Experimentation Co-Deployment Co-Execution Co-Evaluation

TS unpes partorm (e & wes) |

Figure 1 Overview of Work Package 6

This deliverable built on the general evaluation methodology developed in Task 6.1
and is intended to support the overall evaluation of SHAPES in Task 6.9.

In this task the digital solutions of WP5 and the overall platform developed in WP4
were co-designed, tested and co-executed. The outcome of the co-evaluation process
is presented in Task 6.9.

The design of the pilots further builds on the persona and use cases, which were
developed in WP2, as well as on the user requirements, which were presented in D3.7
- D3.9.

1.2 Structure of the document
This document has been structured to present the activities undertaken and key

outcomes of each of the 4 use cases in their entirety. Main outcomes from each use
case are then brought together in the conclusion.
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2 Use case PT3-General

2.1 Introduction

This Chapter describes the pilot activities of UC-PT3-General: Supporting multi-
morbid older patients. Target users of this use case were aged 60 and older, lived at
home and had no cognitive impairment at recruitment to the study. They had multiple
illnesses e.g., heart failure, diabetes, hypertension and were android smartphone
users with access to the internet. The SHAPES Persona for this pilot theme was
Persona 2: ‘Roberto’ (1), a man in his early 70s who lived in his own home with his
wife. Roberto had multiple health conditions, including diabetes and hypertension.

The main objectives of this use case were to investigate user engagement with the
SHAPES App and Digital Solutions and to validate the capability of the SHAPES
Platform and Digital Solutions to:

e Implement a personalised approach to achieve safe and effective use of
medicines at home.

e Achieve better patient outcomes by initiating, developing and sharing best
practice with regards to medicines use.

e Address and improve deficiencies with adherence to medicines and treatments.

¢ |dentify associations between precursor signs of deterioration and unscheduled
healthcare resource use.

e Improve data collection to develop predictive algorithms for heart failure
decompensation.

e Improve older individuals’ quality of life.

Furthermore, this use case explored the integration of the SHAPES platform and
Digital Solutions to align with current and developing care pathways and user trust and
acceptance of the SHAPES platform and Digital Solutions.

The Northern Health and Social Care Trust in Northern Ireland was the use case
leader and the University of Nicosia Research Foundation (UNRF) in Cyprus
replicated Phase 5 of the use case.

2.2 Description

Older individuals tend to have a number of concurrent medical conditions resulting in
the need to take a larger number of prescribed medicines to help control these
conditions. There is a need to have a personalised approach to the safe and effective
use of these medicines to ensure the best possible outcomes. Specifically, we focused
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on patients over 60 years of age with heart failure and/or diabetes who needed to be
monitored to avoid decompensations and hyper/hypoglycaemic events.

2.3 Digital solutions used in this use case

eHealthpass (GNO)

Health and Wellbeing App for the registration of vital signs and physical
measurements, provision of questionnaires to patients, medication list and medication
reminders. This was tested up to Phase 4 but not used in Phase 5 at NHSCT. This is
explained further in Section 2.8.5 of this deliverable.

eCare (EDGE)

Remote monitoring platform which collects and displays wellbeing and health data
gathered manually or automatically (using connected devices like blood pressure
monitor and weight scale) in the home environment.

HFPred (VICOM); Vitals control (TREE)

Analysis of medicine optimisation by prediction of worsening disease based on clinical
device readings, patient feedback and modelling to allow timely intervention and
medication review (prediction of heart failure decompensation by VICOM; vitals
statistical control: dynamic thresholds and out of range controls by TREE).

Researcher dashboard (GNO; EDGE; TREE; VICOM)

Browser-based dashboard to monitor participant adherence to interventions during the
pilot period. This links to data and analyses provided by TREE and VICOM.

More information about the digital solutions for this use case can be found in
Deliverable 5.2: SHAPES Digital Solutions.

2.3.1 Digital solutions used for COVID-19 response

There were no digital solutions used for the COVID-19 response in UC-PT3-General.
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2.3.2 Equipment and medical devices used (from third parties)

Three external devices were used in UC-PT3-General at the NHSCT lead pilot site.

1. Blood pressure meter: OMRON M7 Intelli IT blood pressure monitor.
2. Body composition monitor: OMRON VIVA Smart Scale.
3. Pulse oximeter: Beurer GmbH POG60 Bluetooth pulse oximeter.

[Glucometer: Roche Accu-Chek Instant - was tested up to Phase 4 but not used in
NHSCT phase 5 explained in Section 2.8.5. This device was used at replicating site
UNRF.]

Further details on these devices are provided in section 2.8.2. The third-party devices
purchased for use in this use case were specifically identified by technical partners
EDGE and Gnomon. The manufacturers of the devices and the digital solution
providers (EDGE/Gnomon) had agreements in place to permit direct data transfer (i.e.,
no 3" party involvement) and provision of their APIs to permit integration with the
SHAPES App.

To ensure that the devices met certain medical device standards for Northern Ireland
(OMRON M7 Intelli IT blood pressure monitor, Roche Accu-chek Instant, Beurer
GmbH POG60 Bluetooth pulse oximeter) and appropriate study standards (OMRON
VIVA Smart Scale), the NHSCT Clinical Engineering team liaised directly with the
device manufacturers to complete a Pre-Acquisition Questionnaire. This allowed the
devices to be procured with confidence ensuring that all regulatory aspects were in
place.

The following equipment and devices were used in UC-PT3-General at the UNRF
replicating site.

1. Tablet device: LENOVO TABLET TAB M10 TB-X306F HD 2ND GEN (for the
participants that do not own a tablet or laptop).

Wi-Fi plug sockets (for the participants that do not have access to Wi-Fi).
Blood pressure meter: OMRON M7 Intelli IT blood pressure monitor.
Glucometer: Roche Accu-Chek Instant.

Accu-Chek Instant test strips.

a e

2.4 Data plan

The data plan for Phase 5 of the pilot for UC-PT3-General can be found here,
https://shapes2020.eu/wp-content/uploads/2023/06/UC-PT3-gen data-plan-
final 20062023.xIsx
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The data architecture diagram for UC-PT3-General is shown in Figure 2.

PT3 - general o0

‘‘‘‘‘‘ COLLECTED DATA
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T " DATA ANALYTICS
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Figure 2 Data architecture diagram (PT3-gen).

2.4.1 Data capture methods to be used

A range of data capture methods were used during this pilot and are listed below.
Further information on each method is provided where relevant, later in this
deliverable. Supporting documents are available to view in the Annexes where
indicated in the relevant sections of this deliverable.

Phase 1
No data capture methods were applied.

Phase 2

e Digital recording of video call with participants

Phase 3

e Digital recording of video call with participants
e User experience questionnaire-short version (UEQ-S) (2)
e Participant interviews (recorded)

Phase 4

e Participant error reporting log

Phase 5

This project has received funding from the European Union’s Horizon 2020 research
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e Case report form to capture the following data:
o Participant data (see Data Plan)
o Harmonised questionnaires (more details on harmonised data will be
provided in Deliverable D6.9)
= WHOQOL-BREF (3)
= EQ-5D-5L (4)
= General Self-Efficacy Scale (5)
= Oslo Social Support Scale (6)
= Single item health literacy scale (7)
= Participation questions
= System Usability Scale (SUS) (8)
= Technology acceptance questions (9)
o Questionnaires for the HFPred algorithm by VICOM
= Barthel Index (10)
= Gijon socio family assessment scale (11)
= EHFScB (12)
o Pilot 3 questionnaires
= Beliefs about Medicines Questionnaire (13)
» UEQ-S (2)
e The SHAPES App (eCare and eHealthpass) to capture the following data:
o Clinical parameters:
» Dblood pressure
» heart rate
» Oxygen saturation
= weight (as well as body mass index, body fat, visceral fat, skeletal
muscle, basal metabolic rate)
VICOM HFPred 8 questions
MARS (14)
Prescribed medication updates
o Tracking data (e.g., user logs)
e Service user and healthcare professional interviews

o O O

2.4.2 Planning of evaluation
MAST

The MAST framework (15) was used to evaluate the effectiveness and contribution of
UC-PT3-general to quality of care. MAST is described as a multidisciplinary process
that summarises and evaluates information about the medical, social, economic and
ethical issues related to the use of telemedicine.
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A review of the 7 dimensions of MAST revealed that 3 of the 7 multidisciplinary
dimensions/domains were of specific relevance to the pilot of UC-PT3-General. They
were: Clinical Effectiveness; Patient Perspectives; and Economic Aspects. Table 4

contains the data required for the MAST evaluation.

Table 4: Data required for MAST evaluation (PT3-gen)

Outcome

Data required

Time point

Clinical
Effectiveness

Effects on Mortality rate Number of End of pilot
mortality deaths

Effects on Will not be measured

morbidity

Physical Will not be measured

health

Mental health

Will not be measured

Effects on Health related EQ-5D-5L Baseline and

health related quality of life scores end of pilot

quality of life

Behavioural Concerns about BMQ scores Baseline and

outcomes medicines end of pilot
Necessity BMQ scores Baseline and
beliefs  about end of pilot
medicines

Self-reported

MARS scores

Baseline and

adherence end of pilot
Utilisation  of Hospitalisations Number of Baseline
health hospitalisations (past 3

services months) and
at end of pilot
A&E Number of A&E Baseline
attendances attendances (past 3
months) and
at end of pilot
Patient Satisfaction User UEQ-S scores End of pilot
perspectives and Experience
acceptance
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Outcome

Data required
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Time point

Understanding Usability of SUS Scores End of pilot
of information  application
Confidence (in
the treatment)
Ability to use
the application
Access
Empowerment Self-efficacy General self- Baseline and
efficacy scale  end of pilot
Self-efficacy
Economic Amount and Costof devices Cost as per End of pilot
aspects cost of medical device
resources purchasing
used invoice
Cost of using Costs to be End of pilot
digital solutions provided by
and SHAPES SHAPES
platform
Cost of staffing Timesheets End of pilot
and costing
data
Related Cost of Cost of length End of pilot
changesinuse hospitalisations of stay per
of healthcare admission and
resources medical  bed
day cost
Cost of A&E Attendance End of pilot
attendances cost
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MAFEIP

Due to the evaluation methodology (small-scale deployment, non-case controlled) the
MAFEIP tool (16) will not be used to evaluate UC-PT3-general.

2.4.2.1 Final check of the use case by using the CSFs of MOMENTUM and the NASSS
framework

MOMENTUM

The MOMENTUM blueprint (17) was applied to check if UC-PT3-General had the
critical success factors (CSFs) needed to take it from the pilot phase to large-scale
deployment (see Annex 1 for the completed blueprint). On review of the blueprint (and
in line with guidance provided in the WP6 Evaluation Manual) it was agreed that 6 out
of 18 CSFs were more relevant to explore and address at a later stage of the SHAPES
programme. These include CSFs concerned with the cultural readiness for the
telemedicine service (CSF 1), the consensus position on the advantage of
telemedicine in meeting compelling need (CSF 2), ensuring leadership through a
champion (CSF 3), preparing and implementing a business plan (CSF 9), preparing
and implementing a change management plan (CSF 10) and guaranteeing that the
technology has the potential for scale-up (CSF 12). The CSFs below were deemed
either to be in place or would be in place, before the pilot began. Further details on
each CSF are provided below.

CSF 4. Involve healthcare professionals and decision-makers

Health professionals and decision-makers were partially involved in the development
of the content of the project in Phases 1-3 and more input was sought in Phase 4 and
5 of the pilot. Healthcare professionals’ views on the value of the technology
associated with this use case and how it may work within existing care pathways was
explored in qualitative feedback obtained after the pilot.

CSF 5. Put the patient at the centre of the service

Patients were involved in the development of the digital solutions through Phase 2 and
3 activities of the pilot — mock-ups and prototyping. Such activities helped the
investigators to identify and produce information materials and training, to support
patients to use the app and get the best possible results from taking part in the pilot.

CSF 6. Ensure that the technology is user-friendly

Patients and health professionals were specifically asked about user friendliness of
the digital solutions during Phases 2, 3 and 5 of the pilot. Results from Phases 2 and
3 led to adaptions to enhance the user experience before the use-case was piloted in
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Phase 5. Questions were guided by the standard ISO 14915, which specifies 4
principles for the design of multimedia applications. Extensive training to use the digital
solutions of this use-case was not required by participants.

CSF 7. Pull together the resources needed for deployment

The resources required for the deployment of the digital solutions for the pilot were
available for the most part. However, research nurse availability to recruit individuals
was not in place by September 2021, due to the COVID-19 pandemic. A six-month
no-cost extension for PT3 was requested to delay the start of Phase 3 from May to
August 2021 and the start of Phase 4 from September to December 2021 as well as
to allow more time to recruit to Phase 5. It was hoped that research nurse availability
may have been greater at this time. Further contingency measures included the ability
to purchase research nurse time. However, research nurse time was not available for
Phase 3 and Phase 4, instead a community partner (Mid and East Antrim Agewell
Partnership) assisted with recruitment for Phase 3. Phase 4 was adapted to be tested
on SHAPES naive research staff rather than patient volunteers. Future deployment
will require further negotiation with decision-makers and stakeholders.

There was sufficient time to deliver training to implement the digital solutions for use
in the pilot. The devices had been identified and purchased with the exception of a
pulse oximeter for use in Phase 4, this was still required as of May 2021. Identification
of a suitable pulse oximeter was subsequently achieved in July 2021.

CSF 8. Address the needs of the primary client(s)

The primary clients of the PT3-gen use case were older individuals with multimorbidity.
The use case was specifically developed to meet the needs of a persona that
represented the primary client. The use case and digital solutions were adapted in
response to feedback to user testing conducted with the primary clients. The solution
offered addressed the needs of the health sector in that it served to offer health
professionals a reliable way of monitoring their patients remotely and optimising their
medication accordingly.

CSF 11. Assess the conditions under which the service is legal

Review of the legal requirements in Northern Ireland concerning the use of digital
solutions revealed significant concerns regarding the planned piloting of UC-PT3-
general use-case. If, as originally planned, healthcare professionals were to actively
monitor and change treatment of participants using the information provided by the
digital solutions this would mean that the digital solutions involved in UC-PT3-general
would be classified as medical devices. These ‘medical devices’ would not be CE-
marked and therefore the research sponsoring organisation would need to set aside
a substantial fee for potential damages for each non-CE marked application.
Furthermore, the use of non-CE marked medical devices in healthcare research would
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require NHSCT to partake in a detailed and lengthy approval process for a clinical trial
of a non-CE marked device, which was outside of the remit of the pilot. For this reason,
the use-case was revised in March 2021 to prevent the data collected being used to
inform treatment. As the devices were now planned only to store and display data,
rather than inform treatment, they were no longer classified as medical devices and
there was no requirement for health professional oversight during the pilot, but to
rather include healthcare professionals in the analysis and evaluation stage of the
pilot.

Completion of a Data Protection Impact Assessment (DPIA) identified risks associated
with the pilot. Additional input was sought from other work packages and the SHAPES
Data Protection Officer at NHSCT. Data processing agreements were established with
relevant partners to permit access to pseudonymised data.

CSF 13. Identify and apply relevant legal and security guidelines

Legal and security guidelines have been consulted and were applied accordingly. The
main areas for consideration included data protection, ethical approval, compliance of
devices with standards, penetration testing of software and storage of data.
Penetration testing was conducted and NHSCT submitted a detailed ethical
application to the Office for Research Ethics Committees Northern Ireland (ORECNI)
and the NHSCT Research Governance office where it received approval to proceed.
UNRF submitted a plan for the pilot activities to the respective National Bioethics
Committee of Cyprus and received a positive response.

CSF 14. Involve legal and security experts

We worked with SHAPES partners together with legal and security experts to ensure
that we had full confidence in the legality and security of the project.

CSF 15. Ensure that telemedicine doers and users are privacy aware

The protocol for the pilot detailed all the steps that were taken to ensure patients’
privacy was protected. The Phase 5 of the pilot had received full independent ethical
evaluation before permission was granted to undertake the study.

CSF 16. Ensure that the information technology infrastructure and eHealth
infrastructure are available

The IT infrastructure for deployment of the technology was provided through the
SHAPES platform. An appropriate infrastructure for deployment of the digital solutions
within the organisation was in place for the pilot.

CSF 17. Put in place the technology and processes needed to monitor the
service
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A system to monitor the pilot was set up with support from WP4 and WP5 partners.
Local IT and community support were also available to help address minor issues with
the use of the digital solutions. A system to monitor and mitigate incidences was
established. It was not possible to predict all incidents that may occur in a research
project, it was more appropriate to assess the relative risks of certain incidences and
have an appropriate plan in place for mitigating and managing incidents. The local
research project team and community support officers were available to support
participants in resolving any issues they might experience with the digital solutions.

CSF 18. Establish and maintain good procurement processes

Standard local procedures which complied with all the requisite regulations were
followed for the procurement of devices. Service level and maintenance agreements
were in place as per contract.

NASSS

The NASSS framework (18) was used to detect areas of complexity in the project plan
for piloting UC-PT3-gen and if needed, to make adaptations to the plan. Both the short
and long versions of the NASSS-CAT questionnaire were considered and completed
by the pilot team (Annex 2 and Annex 3). At the time the NASSS framework (18) was
applied, of the 7 domains, there were 2 domains (‘Technology’ and ‘Intended
adopters’) in which significant complexities were identified that, if not mitigated or
addressed, were likely to affect the project’s success at the piloting stage of the use
case (Table 5).

Complexities were identified in other domains; however, these were related to a larger
scale implementation and deployment of the use case into practice and so were not
considered to be relevant at this stage of the project. They provide a useful basis for
further exploratory research (Table 5).

Table 5: Complexities and mitigation measures identified using the NASSS framework (PT3-gen)

NASSS complexity Uncertainties detected Mitigation measures

domain taken

Technology Overlap of functionalites Commencement of
between eCare and fortnightly meetings
eHealthpass (concerning between technical
vitals monitoring). partners and use case

_— leaders to discuss and
Technology Responsibility for building jaige upon technical

the Front-end App and ,qhacts of the use case
HCP portal that presents (points 1, 2).

the functionalities of the
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Uncertainties detected

Version 1.0

Mitigation measures
taken

digital solutions had not

yet been assigned.

By May 2021,
uncertainties  regarding
overlap in features (e.g.
vitals monitoring) were
addressed and resolved.

EDGE assumed
responsibility for
developing and deploying
the Front-end App.

With the removal of the
HCP oversight, the HCP
dashboard functioned as a
researcher portal during
the pilot. For these
purposes, an integrated
portal was not necessary.

Technology

A pulse oximeter had not
been identified for use
during the pilot.

Inclusion of a pulse
oximeter in the 1st
SHAPES Open Call and
PMB notified of potential
delay to timeline.

Technology

There was no contingency
plan for device
procurement should any
issues arise.

A small number of devices
were procured and on-site
by September 2021 to
facilitate prototype testing
and to maximize the
manufacturers’ 1-year
warranty. This provided an
early indication regarding
potential delays in
procuring the additional
units needed for phase 4
and 5 of the pilot.

Technology

The flow of data and data
storage location was not
yet confirmed.

Cross work package
alignment meeting set up
between work package
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Uncertainties detected
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Mitigation measures
taken

Technology The exact role and leads and pilot leaders to
functionality of the discuss data flow and
platform had not yet been functionality of the
defined/communicated to SHAPES platform.
the use case leaders.

Technology Compliance with Expert opinion on medical
governance, standards device regulations sought

and regulations needed to
be addressed for each
component in the system.

and a method of
highlighting and tracking
the progress of key
governance iIssues
created.

A review of medical device
regulations in Northern
Ireland and the indemnity
arrangements  identified
that the way the use case
was originally  set-up
required extensive
indemnity to be put in
place to conduct a clinical
trial of non-CE marked
medical devices. By
changing the way in which
the data were used, i.e.,
data was stored and
displayed without any
changes and did not
inform medical treatment,
this allowed the devices to
be re-categorised and
they were no longer
classified as medical
devices. Expert opinion
from the MHRA was
sought in March 2021 and
NHSCT were advised the
revised pilot plan complied
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Mitigation measures
taken

with the medical device

regulations.

Intended adopters

The intended adopters of
the technology are
primarily multi-morbid
older individuals. The
input required from this
group will be substantial
but could vary between
users and still be of
benefit. Input may range
from taking
measurements using
devices but not actually
logging into the App to full
engagement with all the
available features.

User testing and
prototyping in Phase 2
and 3 aimed to help
enhance the user
experience before the
technology was piloted in
Phases 4 and 5.

Intended adopters

Level of digital literacy in
the intended patient
participant population. As
a minimum requirement
service users will need to
have Wi-Fi already
installed in their home and
have their own android
device to access the
technology.

User experience
evaluation will aim to
capture how well the
technology was accepted
by patients.
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2.5.1 PACT and FICS Scenario

Table 6: PACT (PT3-gen)

UC _PT3- Version

1.0 Date 2021/05/18

Persona

Applicable SHAPES

gen
Roberto

Applicable SHAPES
use case

UC-PT3-gen Supporting multi-morbid patients, older
patients

People

Roles and/or actors of
typical users involved in
delivering and receiving
the telemedicine
intervention

Patient: 65+, lives at home. No cognitive impairment
at recruitment to the study. Multiple illnesses e.g.,
heart failure, diabetes, hypertension, chronic
obstructive pulmonary disease and has multiple daily
medications. Android smartphone user with access to
the internet.

Activities

Activities to be
performed by the actors
in order to successfully
provide and receive the
telemedicine
intervention procedures
for the professional and
the patient; Parameters
that determine the
measures used in the
intervention

Patient

Measure blood pressure daily

Measure blood glucose as required

Measure weight daily

Measure heart rate daily

Measure oxygen saturation daily

Complete daily/weekly/monthly/one-off
guestionnaires

Send the data from the clinical devices to the SHAPES
App (and automatic upload to SHAPES platform)
View list of medication

Daily medication reminders available

Context

Social-medical
relevance of the
telemedicine
intervention; privacy
issues; risks for the
patient; locations

Smart clinical devices to be used in patient's own
home to help patients with multiple health conditions
to self-monitor these diseases.

SHAPES App will help patients track and self-manage
their conditions. This data will not be reviewed by
healthcare professionals to perform active monitoring.
Maintaining privacy of data is of the utmost importance
and will be upheld by allocating each participant a
unigue study number. An identification list (including
name and DOB) will be held at the local pilot site.
GDPR and ethics in line with WP8.

Data and servers will be located within the EU.
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UC_PT3- Version 1.0 Date 2021/05/18

¢ English and Greek language.
e Locations; NHSCT in Northern Ireland, UK.
University of Nicosia Research Foundation, Cyprus.

Technology e More detailed information can be found in the data
plan for UC-PT3-gen.

Type of  Baseline demographic information

information/parameter Age (year not DOB)

that are relevant in Sex (M/F)

monitoring the health Smoking  history  (never  smoked/used  to
status; type and smoke/current smoker)
frequency of Height (cm)
accessibility of Education
information; feedback . gasgline medical history-
modalities Medicine (number of medicines/chronic or as
(communication) required/name/ strength/ frequency/ date)
Diagnoses (medical condition)
Supplemental oxygen (yes/no)
Implanted cardiac device (pacemaker/ implanted
cardioverter defibrillator/ cardiac resynchronization
therapy)
Left ventricular ejection fraction (%)
Rhythm (atrial fibrillation/ sinus rhythm/ atrial flutter)
Pacemaker present (yes/no)
e Changes to medication as the pilot progresses
(stop/start/change strength/change frequency)
e Heart rate (beats per minute) once daily
e Oxygen saturation (%) once daily
e Blood pressure diastolic and systolic (mmHg) once
daily
e Blood glucose (mmol/L)
e Weight (kg) once daily
e Questionnaires
e Reminder/alert to complete questionnaires, use
clinical devices and take medication
e Feedback via app to participant on whether tasks have
been completed.
e Feedback via browser to researchers to monitor
adherence to the intervention
Scenario Older individual
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gen
John is 70 years old and lives with his wife in their own
home with a garden. He has some basic activity — short
walks outside home and wandering around his home
and garden. He can eat, get dressed and have a shower
independently. John spends most of his day at home.

John lives with heart failure, diabetes and several other
chronic conditions. He is prescribed around 5-10 pills
per day, 2-3 of which control his heart failure. He also
takes insulin to control his blood glucose levels. He
usually takes his medication as prescribed. Once a week
he takes a medication before breakfast for his bones. He
takes this on a Monday. John and his wife store their
medicines in baskets, 1 for each of them, in the kitchen.

John has recently been discharged from hospital after
becoming acutely unwell due to a decompensation
event. This was John’s third decompensation event in
the past year. While in hospital he was started on a new
type of insulin and a new tablet for his blood pressure.
John is happy to participate in the UC-PT3-gen pilot so
that he can learn more about managing his conditions
and receive some help remembering to take his new
tablet. Once John has consented to take part and has
been trained on the equipment provided he is keen to
see how the devices will help to keep him healthy. He
also is trained on the different sections within the
SHAPES App where he can view his information. There
is a list of his current medication and a calendar display
where he can see what medications he is due to take
each day.

A typical day during the SHAPES pilot for John proceeds
as follows:

e John wakes up at around 8.00am. On Mondays
he takes the pill for his bones and he has to sit
upright for 30 minutes before getting up. John’s
wife sometimes has to remind him to take this
particular tablet before he gets up, but when he
started the SHAPES pilot he can check his
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SHAPES App to see what medications he is due
to take today.
e Ataround 8.30am he washes and shaves, weighs
himself using the SHAPES weight scale and
gets dressed.

Having recently changed his insulin it is important that
John monitors his blood glucose before meals to ensure
he is using the correct amount of insulin.

e John uses his new SHAPES glucometer to
measure his blood glucose level and is able to
adjust his insulin himself. He can administer his
insulin himself, but sometimes asks for assistance
from his wife.

e After administering his insulin, John eats
breakfast. Around half an hour after breakfast,
John takes his blood pressure using the SHAPES
blood pressure monitor, and measures oxygen
saturation level and heart rate using the SHAPES
pulse oximeter. He was told that the readings
will automatically appear in the SHAPES App so
he doesn’t really pay attention to what each one
says just yet. He can check them on his phone
later.

Before the pilot, John had not used a blood pressure
monitor or a pulse oximeter before. He is familiar with
getting his blood pressure taken in clinic and using the
monitor he has at home is much the same. When John
was in hospital, a nurse used a pulse oximeter to
monitor his heart rate and the amount of oxygen in his
blood, so he is familiar with the device and it is quick to
use.

Since starting the pilot, John has been answering

some questions every day through his phone. John’s
answers to the questions will help to develop a new
technology that might be used in the future by his health
care team to review his heart failure and predict
decompensation episodes. The questions are easy to
complete and are similar to the questions he gets asked
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when he visits the heart failure clinic. By answering them
every day, it increases John’s awareness of his own
health. When he started the pilot, John chose to answer
his daily questions at 11am. This is when he and his wife
usually have a coffee together. John could answer these
guestions alone but he likes having his wife to check his
answers with.

e At 11am, John sits down to answer his daily
guestions. The questions are:

1. Compared to the last 3 days, your legs-feet or
any other part of the body are? Less swollen, the
same, more swollen

2. Compared to the last 3 days, you feel... worse,
the same, better

3. Inthe last 3 days, did you take any additional
medication without supervision? Yes, no

If there is nothing unusual, the questions stop here.
While he is on his phone, John looks at his readings for
that day. He looks at his weight, blood pressure, heart
rate and oxygen levels every day. He doesn’t bother
looking at his blood glucose because he saw it earlier
when he was working out how much insulin to use.

His weight is important to John as he knows that if his
heart failure gets worse, he starts to retain fluid and his
weight increases. By using the scales each day he can
track if there are any changes in weight and see

how this changes over time. John has a record of what
his previous values are for blood pressure, heart rate
and oxygen levels. He likes being able to look at these
readings and is feeling more confident about what they
mean for his health.

Today, he notices that his blood pressure reading looks
a little high but doesn’t think too much more about it as
he is going out for a short walk with his wife to post
some letters before lunch.
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e At 1pm, again before eating, John measures his
blood glucose. His new insulin regimen means he
only needs to inject insulin twice a day, which he
does before breakfast and dinner. He checks it
anyway as he is used to doing this and he has
only been using the new insulin for a few weeks.

John spends the rest of the day in the house or out in
the garden. He doesn’t think about the SHAPES App at
all until after dinner.

e At 6pm, John measures his blood glucose again
and administers his insulin accordingly.
e He takes his evening medicines.

There is a task list section of the app where he likes to
check whether he has any outstanding tasks to
complete. It's the same most days but once a week
there is an extra survey to answer about his
medications.

Local researcher

A researcher will review the SHAPES dashboard
regularly to help the participants adhere to the
intervention. On this dashboard they are able to view:

1. The list of participants taking part in the pilot at
their site. The dashboard presents the participant’s
unique identification number only. They have a separate
list that links identification numbers to the participants’
names and contact details.

2. Participants’ profiles:

e Baseline demographic data and data required for
VICOM HF Predictor.

e Medicines list including all treatments, doses and
frequencies — editable by researcher

e History of clinical parameters that require daily
monitoring including: blood pressure, weight,
oxygen saturation, heart rate, blood glucose

e History of questionnaire responses
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e History of daily tasks/reminders

e Dynamic thresholds

e Use of unscheduled care including hospitalisation
details

e Check how the participant has used the App e.g.
how often they log in, what sections of the App they
use most frequently.

Table 7: FICS (PT3-gen)

Category Details

Function and 1) The system will offer the user the devices and the functionality

events to:

Functionality e Measure blood pressure daily

of the intended e Measure blood glucose twice daily (or more, as prescribed)
system which e Measure weight daily

IS capable to e Measure heart rate daily

realize actor’s e Measure oxygen saturation daily

activities

2) In addition, the system will provide the option to send specific
guestionnaires that the user shall fill in including the daily VICOM
questions and the Medication Adherence Report Scale (MARS).

3) Using the “notifications” functionality, the user can follow their
daily tasks.

4) Medication list

5) These functionalities will be provided via an android application
(App) for use by older individuals and a browser-based system for
the researcher dashboard.

6) User event logs to allow monitoring of how the participant uses
the App

Older individual functionalities:
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Category Details

e App authenticates the user

e Patient account and social profile including consent module

¢ Record of blood pressure, weight, oxygen saturation, heart
rate (EDGE)

e Blood glucose (Gnomon)

e Medication list (Ghnomon)

e Dalily tasks/reminders (EDGE and Gnomon)

¢ Questionnaire data (EDGE) - VICOM questions

e Questionnaire data (Gnomon) — MARS questionnaire

Researcher dashboard:

e App authenticates the user

¢ New patient registration interface

e Patient list

e Patient profile including consent module

e Patient monitoring dashboard to include blood pressure,
weight, oxygen saturation, heart rate, blood glucose, history
of notifications

e Medication list (Gnomon)

e Questionnaire data (EDGE/Gnomon)

e Display personal dynamic ranges of weight, blood pressure,
heart rate, blood glucose and oxygen saturation (TREE), will
be displayed through the Researcher dashboard.

e HF Decompensation Prediction tool (VICOM) - results
blinded to researcher until data collection complete

Interactions In this use case, we expect to have 2 users:
and usability

issues - Older person

- Researchers

User-system )
There will be 2 front-ends: 1 for the older person and another for the

or system- - ) ) .
component researcher. The system will interact with the user in a single front-
interactions end with the functionalities as described above.

meditating . . . ,

actor’s Patient list shows those patients who have given consent, along
activities: with the patient’s profile (baseline information, medication list etc.)

Types of the
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Category Details

interactions,
e.g.
unidirectional
data streaming
service or
reliable
messaging
service

Content and
structure

Variables of
the interaction

Style and
aesthetics

Look and feel
of the system

The researcher will be able to view the same data as the older
person. In addition, they will be able to view baseline data, user
event logs and the results of the analytics (prediction of HF and out
of range measurements for the different vitals).

A medication list will be populated at baseline and can be viewed
by the older person. Any updates can be made by the researcher,
informed by the older individual, throughout the pilot.

The front-end for the older individuals will be an Android App. The
researcher front-end will be a browser-based web Portal.

The SHAPES App will be the main entry point for the older
individuals and in this use case it makes connection to eCare (from
EDGE) and eHealthpass (from Gnomon).

Separate dashboards will provide the results from the analytics
made by TREE — vitals control - and VICOM - HF decompensation.
These analytics work as back-end services and their results are
visible via the researcher dashboard.

For full usability, the patient must download the mobile application
and use the clinical devices provided.

UC-PT3-general clinical devices

1. Weight scale

2. Glucometer
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ACCU-CHEK
Instant

3. Blood pressure monitor

4. Pulse oximeter

Mock up images of the SHAPES App (see details in D5.4).

These images were presented as the mock-ups for phase 2 and
were subject to change.

SHAPES App login
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SHAPES App — EDGE HR manual entry
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Survey

SHAPES App — Gnomon medication list
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Category Details

2.5.2 Key performance indicators

Key Performance Indicators (KPIs) are defined as a set of measures that focus on the
factors most critical to a project’s success. KPIs are measurable and quantifiable with
a target or threshold. They measure a performance in critical areas by showing the
progress or lack of it, towards realising the objectives of each specific use case. The
following KPIs have been chosen to determine whether or not the pilot for UC-PT3-
general has been successful.

Failure to meet 4 or more of the KPIs will indicate that major revisions to the use case
and associated digital solutions are needed before further evaluation or deployment.
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Recruitment and retention

1. At least 80% of the target cohort were successfully recruited into the pilot during
the recruitment period (i.e., 24 participants were recruited in NHSCT (lead site) and
8 participants recruited in UNRF (replicating site).

2. Atleast 80% of recruited participants remained enrolled in the pilot until the end of
the study.

User engagement and acceptance

3. The overall user experience quality of the app as measured using the short version
of the UEQ-S (2) was classified as ‘Excellent’, ‘Good’ or ‘Above average’ based on
published benchmark data.

4. At least 60% of participants continued to login to use the App daily after 2 weeks
of the pilot.

5. At least 60% of participants scored an above average rating (>68) in the SUS (8).

Collection of data

6. Sufficient data was collected from participants to allow the HF decompensation
prediction tool to generate a percentage risk of decompensation at least once per
week for at least 60% of participants.

7. Atleast 60% of participants completed the MARS (14) at least once a month during
the pilot.

2.5.3 Timeline of pilot activities

The original timeline of pilot activities according to the Description of Work was to
conduct Phase 1 and 2 between November 2020 and April 2021, then start with Phase
3 (prototype testing and hands-on training) in May 2021 with Phase 4 (deployment in
controlled environment) starting in September 2021 and Phase 5 (large scale pilot
activity) in January 2022. NHSCT were responsible for conducting Phases 1-5 and
UNRF had input into Phases 1-4 and conducted Phase 5 locally.

Two formal requests to extend Pilot Theme 3 were approved by the Project Officer.
The first extension request was requested for Phase 3 (hands-on training) where the
SHAPES partners needed to be in direct contact with the participants, therefore the
start of phase 3 was postponed from May 2021 until it was safer, with relation to
COVID-19, to November 2021. At this point, an acceptable remote method was agreed
and implemented as COVID-19 was still preventing in-person meetings in this
vulnerable population in Northern Ireland at this time.

Additionally, a further use case was incorporated into Pilot 3 in December 2020,
investigating participants with chronic obstructive pulmonary disease. This increased
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the scope of use of the SHAPES platform and gained a valuable insight to a cohort of
respiratory patients. The additional time allowed the full work-up of this use case.

Phases 4 and 5 involved training participants on the use of medical devices and
recruiting from outpatient clinics. The COVID-19 pandemic continued to result in
significant clinical staff redeployment and only essential outpatient services were
running in a number of sites. This impacted on our ability to recruit using outpatient
clinic lists at this time and an extension to the start of phase 4 and 5 from September
2021 to December 2021 provided time to identify alternative recruitment processes,
adapt methods and identify resources to achieve this.

An additional extension was granted due to technical issues arising from Phase 4.
These were specifically encountered by PT3-general, the issues were associated with
medication function and login issues due to expired tokens. Unfortunately, these
issues were unable to be resolved in the timeframes and resulted in part of the
functionality, provided by eHealthpass, not being used in PT3-General at the NHSCT.
As a result of these technical issues, an extension was granted to permit this
deliverable D6.4 to be submitted in M45, July 2023.

Planned timeline: PT3 phase 4 phase 5 D
Actual timeline: UC-PT3-gen phase 4
UNRF replication

M[J|J[A[S[O[N[D[J[F[M|A[M
19|20(21|22(23]24|25(26(27]28(20/ 30|31
Dl  pha
D

Figure 3 Planned and actual timeline of pilot activities (PT3-gen)
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2.6 Phase 2: Testing of mock-ups and prototypes
2.6.1 Methodology of testing

During Phase 2, validation was sought on the design of the user-facing digital solutions
intended for deployment in UC-PT3-general. These comprised of the SHAPES Front-
end app (EDGE), eCare App (EDGE) and the eHealthpass App (Ghomon), which were
specifically adapted for the purposes of UC-PT3-general.

Remote sessions were conducted with participants via video call using the Zoom video
telephone software program. A PowerPoint presentation was shown via screen share
during which participants were presented with brief background information about the
SHAPES project and an overview of the purpose and features of the PT3-general use
case digital solutions. Mock-ups, e.g., visual images of all the types of screens a
patient was likely to encounter when using the App, were then presented to
participants. PowerPoint presentations can be viewed in Annex 4.

At predefined intervals throughout the presentation, a researcher asked the
participants questions on the design and layout of the mock-ups. These questions
were a combination of open and closed questions designed to obtain both general and
specific feedback about the mock ups. Questions were guided by the standard ISO
14915, which specified 4 principles for the design of multimedia applications. The
principles were:

a) Suitability for the communication objective — the presentation of the information is
suitable for achieving the goals of the providers and visitors.

b) Suitability for perception and understanding — the information transmitted is easy
to understand and can be easily recorded.

c) Suitability for exploration — the participant is able to find the desired information or
complete their task without any previous knowledge or experience regarding the
presentation or structure of the information offered.

d) Suitability for user motivation — a participant must be encouraged to act. By
focusing on the needs of the participants, an appealing presentation and goal-oriented
guidance, the participant can be motivated.

Hard copy versions of the mock-ups were provided if requested and participants,
(particularly the target users), were offered the opportunity to view the materials off-
line and a second video call was scheduled (if needed) to continue gathering feedback.

Participants

Phase 2 was conducted in at least 2 participants from each of the 3 different types of
user groups:
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1. Target users (= 65 years’ old; diagnosis of HF and diabetes; living at home;
owns an android smartphone or tablet; live internet connection and able to
video call);
2. Healthcare practitioners (nurse, doctor or pharmacist from the diabetes and
heart failure clinical networks);
3. Support service providers (IT support professional, community support officer).

Identification of participants

Eligible participants from the service user and support services groups were identified
by the Mid- and East-Antrim Agewell Partnership (MEAAP), which had established
links with the community (see https://www.meaap.co.uk/). MEAAP is a local inter-
agency based partnership aimed at improving the lives of Older People aged 50 years
and over. MEAAP community support officers reviewed the eligibility criteria and
identified eligible individuals within their client base. Eligible healthcare practitioners
were identified by the NHSCT through professional contacts and liaison with heart
failure and diabetes clinical networks. MEAAP nominated a community support officer
to participate in the study and provided feedback from a ‘Support services’
perspective. NHSCT contacted suitable charitable healthcare organisations to identify
suitable support service providers in the community to participate in the study.

Informed consent procedure

Eligible target users were provided with a participant information sheet (Annex 5)
explaining the background and purpose to the study and what they can expect to
happen if they agree to participate. Those who agreed to take part were given a
consent form (Annex 6) by a MEAAP officer. Signed consent forms and contact details
were provided to the NHSCT researchers to proceed with the study activities.

Eligible healthcare practitioners and support service providers were provided with a
participant information sheet (Annex 5) explaining the background and purpose to the
study and what they could expect to happen if they agree to participate. Those who
agreed to take part were given a consent form (Annex 6) by a NHSCT researcher.

Informed consent for all participants were taken remotely with the following format of
signatures collected where appropriate:

*  Typewritten;

* Scanned;

* An electronic representation of a handwritten signature;
« Handwritten signature posted to research personnel.
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Data collection and analysis

Video calls were digitally recorded — capturing both the audio and visual responses
(e.g., frowning, smiling) of the participants.

Recordings were played back and used to complete a feedback report. No identifiable
information was recorded on the feedback reports. Recordings were transcribed if
necessary and any identifiable information was anonymised during the transcription
process.

2.6.2 Results of testing

A full feedback report from the Phase 2 mock-up presentations including
recommendations made to technical partners is provided in Annex 7. An overview is
provided below.

The Phase 2 mock-up presentations with recruited participants were conducted
between 22" March and 13™ April 2021. Presentations were conducted remotely via
the Zoom video conferencing software. All sessions were recorded and the recordings
used to generate a feedback report for each participant.

Participants

Seven participants consented to take part in the study. They included 3 male and 4
female participants. The breakdown of participant type was as follows:

e Two target users (TU1l and TU2) who were recruited via the Mid- and East-
Antrim Agewell Partnership (MEAAP). Both target users were aged over 65
years’ and had diagnosed heart failure and type 2 diabetes. TU1 reported
confidence at using their smart phone to be 2 or 3 out of 5. TU2 rated
themselves at 4 or 5 out of 5. Both primarily used their phones for messaging
and calls. TUL1 additionally used their device for social media and TU2 for
reading news.

e Two healthcare professionals (HCP1 and HCP2) were recruited via contacts at
the NHSCT. Both HCPs were registered pharmacists. One worked in diabetes
care and the other in acute heart failure. Both healthcare practitioners reported
a confidence rating of 5 out of 5 for using their smart phone. Social media,
messaging, calls and browsing the internet were cited as main uses. HCP2
additionally reported using their phone for simple word games.

e Three support service providers (SSP1, SSP2, SSP3) were recruited from staff
at MEAAP, a community support provider for older people, and the Northern
Ireland Chest Heart and Stroke (NICHS), a charitable organisation that provide
support for people with heart failure. All rated their confidence at using their
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phones as 5 out of 5 and reported calls and messaging, with the additional uses
of internet shopping and browsing (SSP1) and banking (SSP3).

Overview of feedback

Using the feedback collected during the presentations and interviews with participants,
the Phase 2 mock-ups of the SHAPES App, eCare and eHealthpass components of
the PT3-general use case user App were assessed using the ISO Standards for
multimedia design (ISO 14915).

1. Suitability for the communication objective (i.e., suitability of the presentation
of the information for achieving the goals of the providers and visitors).

There were issues with the size of text on every mock-up presented to
participants.

The target users both found it difficult to see and read the information presented
on each screen.

The screens that contained minimal, simple information or instructions (e.g.,
the survey screens) were generally favoured over those that had multiple
sections/compartments (e.g., the HR screen).

2. Suitability for perception and understanding (i.e., is the information transmitted
easy to understand and can be easily recorded?)

The purpose of each screen and what information it was transmitting to the user
was understood by the health professionals and support service providers. The
target users required additional explanation to understand the purpose of the
screens and the information.

Target users were generally confused over the purpose of the App and how the
user was meant to engage with it.

3. Suitability for exploration (i.e., is the participant able to find the desired
information or complete his task without any previous knowledge or experience
regarding the presentation or structure of the information offered).

The target users had difficulty or were unable to describe how they would
complete many of the tasks within the App.

Instructions for the user need to be simple, direct and use recognisable
terminology (e.g., click here, type in this box).

Explanations need to be provided to users. The target users may not be as
familiar with certain icons or features as more proficient users.

4. Suitability for user motivation (i.e., a participant must be encouraged to act. By
focusing on the needs of the participants, an appealing presentation and goal-
oriented guidance, the participant can be motivated).
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e Screens where there was lots of information were deemed to be potentially
overwhelming for users and could be off-putting.

e One user felt that the amount of recording required would be off-putting to many
older people.

e Opinions about motivation to use the App differed between the 2 target users:
TU1 was particularly motivated by participating/using the App for their health
yet TU2 was unsure of motivation to take part if no HCP oversight.

2.7 Phase 3: Hand-on Experiments
2.7.1 Methodology of hands-on experiments

Hands-on experiments were conducted remotely due to restrictions on in-home visits
during the COVID-19 pandemic. Participants were invited to join a 2-part online video
conference (supported by Zoom video conferencing software) with NHSCT
researchers in order to take part in the hands-on experiments. A relative, friend or
carer could accompany them during the call if requested. Prior to the call, researchers
identified any connectivity or technical issues that may have prevented the participant
taking part and issues were managed as necessary. The research plan was approved
by Head of Service, Professor Michael Scott.

Participants

Phase 3 hands-on experiments were conducted with 3 target users of the SHAPES
App (i.e., = 65 years’ old; diagnosis of heart failure and/or diabetes; living at home;
owns an android smart phone or tablet; live internet connection and able to video call).
Gender equality was sought but not achieved in the group of older person participants.

Eligible participants were identified by MEAAP which had established links with the
community. MEAAP community support officers reviewed the eligibility criteria and
identified eligible individuals within their client base. Informed consent for all
participants was taken remotely (see Annex 8 and Annex 9 for participant information
sheets and consent forms).

Method

The prototype was accessed by participants via an internet-enabled tablet device
provided by NHSCT. The device was disinfected between uses using the
recommended local process. Technologies were presented as a functioning prototype
with the eCare and eHealthpass digital solutions accessed via the SHAPES Front-end
App. During the first session, a researcher guided the participant through a series of
steps and tasks to demonstrate the different functionalities of the App and trained the
participant on how to use it. Instructions were presented on screen during the call and
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participants were also sent a user training manual prior to the session that described
each step using words and images (Annex 10).

The steps and tasks demonstrated were:

Accessing the prototype;

Navigating to different features from ‘Menu’;
Navigating to ‘Menu’ from within the App;
View and enter heart rate;

View and enter blood glucose;

View medication list;

View and complete daily survey;

View and complete weekly survey;

View eHealthpass ‘daily to-do list’;

View eCare ‘daily to-do list'.

©CoNoOA~®ODNE

'_\
©

The pace of the session was determined by the participant. After the demonstrations
there was a break to allow the participant to rest, process the information provided,
and familiarise themselves with the app.

When the second session began, participants were asked about their experiences
using the App and if they had any questions or queries. Feedback about the App was
collected as detailed below.

Collection of feedback

Feedback was collected at different time-points during Phase 3 using a number of
different methods.

A concurrent ‘think out loud’ approach was used to collect reactions to the App and
identify any areas that will require particular attention during the demonstration of the
App and user training. The participants were encouraged to verbalise their reactions,
thoughts, feelings and opinions about the prototype throughout their engagement with
the researchers. Notes were taken by the researchers and the session was recorded
to capture feedback accurately.

Participants’ use of the prototype was digitally tracked through the generation of user
event logs. These logs were maintained, managed, reviewed and analysed by
technical partners to monitor performance of the prototype and not for the purposes of
assessing user engagement. Therefore, the findings from these analyses are not
reported here.
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When participants returned for the second session, they were asked to complete a
short activity under observation, i.e., a moderated test. During the test, the participants
were asked to ‘think out loud’ and thereby point out ‘stumbling blocks’.

After the test, participants were asked to complete the UEQ-S (2) to collect quantitative
data about the impression of the participants’ user experience. There are 8 items and
respondents mark on a 7-stage scale between 2 terms in each item (e.g., attractive o
o o o o o o unattractive).

Participants were then interviewed by the researcher to collect the participants’ views
about using the prototype. A schedule was followed during the interview but the
researcher may also have referred to conversations and topics raised during the
sessions. Semi-structured questions explored users’ general feedback about the App
including:

a) Ease of use;

b) Design;

c) Utility;

d) Gender equality;
e) Quality of training;
f) Overall satisfaction.

Data analysis

Video calls were digitally recorded and automatically audio transcribed by the Zoom
video conferencing software. Transcripts were checked and edited for accuracy, used
to aid analysis and then deleted.

Results of the UEQ-S (2) were reported alongside interview data in a feedback report.
No identifiable information was recorded on the feedback reports.

A completed report including practical recommendations, was presented to and
discussed with technical partners.

2.7.2 Results of the hands-on experiments
Recruitment

MEAAP assisted in the recruitment of target user participants for Phase 3. It was
anticipated MEAAPs flagship project IMPACTAgewell® would provide a database of
people aged over 65, who would potentially be interested in participating in the
research. From the outset, MEAAP faced difficulties in recruiting participants due to
the eligibility criteria namely age, specific combination of long-term health conditions
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and the ability to use a tablet/computer i.e., digitally literate. The IMPACTAgewell®
database contains approximately 1800 older people in the Mid and East Antrim area.
Of these, only 29 service users have both diabetes and heart failure. Furthermore, 4
service users had declined the IMPACTAgewell® project and were not contacted and
2 service users were unfortunately deceased. The remaining 23 service users were
contacted to discuss interest in the project. MEAAP recruited 2 service users from this
pool of potential candidates, while the remainder declined due to issues with vision,
hearing and digital abilities amongst other issues.

MEAAP also put out a call for participants across all social media channels, including
Instagram, Twitter and Facebook, which reached approximately 3350 people.
Unfortunately, there was no interest received from this approach. Additionally, MEAAP
reached out to local charities including Northern Ireland Chest Heart and Stroke
(NICHS) and Diabetes UK for help with recruitment but this was not feasible within the
short timeframe available. Due to the difficulty recruiting the remaining 2 participants,
the eligibility criteria were then reduced to 1 long term health condition, i.e., diabetes
or heart failure. MEAAP identified 3 potential candidates, 1 of which successfully
participated in the research. This change in recruitment criteria was not considered as
potentially altering the overall results of the use case.

Participants

Three male service users (PT1, PT2 and PT3) were recruited by MEAAP to participate
in the Phase 3 hands-on experiments. One female participant was recruited but
withdrew before the interview could take place. Reason for withdrawal was inability to
take part in the remote interview. PT1 and PT2 had both diabetes and heart failure
and had previously taken part in Phase 2 and were familiar with the SHAPES project.
PT3 had no prior knowledge of SHAPES and had diabetes alongside other heart-
related comorbidities. PT3 did not have heart failure. All 3 participants were computer
literate and interested in technology. PT3 had no prior experience of using an App.

Service user feedback

The Phase 3 hands-on experiments were conducted with the recruited participants
between 8" and 16" November 2021. Overall, feedback about the App was positive.
Participants were able to use the App easily, were happy with the design, and
understood the purpose of each function. Participants experienced difficulties
navigating out of the various features within the App and returning to the SHAPES
menu page. This was exacerbated by the different navigation systems used by the 2
Apps deployed in this use case. Confusion also arose with regards to the separate ‘to-
do list’ functions within the App. A full feedback report is available to view in Annex 11.
Detailed service user feedback from each participant is presented in Table 8.
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Table 8 Service user feedback from hands-on testing (PT3-gen)

Participant

Ease of use Password

PT1

difficulty
using capital letters

PT2

eCare data input no

problems.
Preference for slider

Version 1.0

PT3

Intuitive asked ahead

about the next step,
e.g., ‘save’

Password difference Navigation back to eCare data input no
between zero and letter menu page — problems. Slider
‘0’ confused by extra difficult to get precise
pages that appeared but +/- buttons
in both eCare and complement nicely.
eHealthpass No preference
Navigation to menu Navigation between Confusion over
page —  difficulty pages — participant functions of the App
remembering the sometimes vs. features of device.
different methods inadvertently Asked about ‘tick’ on

provided by different
app providers

skipped pages

keyboard (participant
was tablet naive)

Navigation from HF

Navigation back —

Pop-up boxes —

survey page — no back back arrow didn’t seem to come
arrows present consistently worked up when expected to
for participant. when  exiting the
Success of swipe surveys.
function was
inconsistent.
HF survey — eHealthpass data Home  button —
participant tapped input - no problems  ‘handy’
where it said ‘surveys
you have 1 survey’
rather than HF
predictor
Navigation to ‘to do’ Answering survey Computer literacy

lists and between
different App provider
sections

guestions — all fine

needed — those with
no experience would
be scared to use

Straightforward/easily
understood/simple with
practice

Navigation out of HF
Predictor — no back

arrow  or home
button. Couldn’t
perform swipe

No concerns about
ease of use. Easier
than anticipated
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Participant

PT1

PT2

function. Had to

come out of App
completely.

PT3

Version 1.0

User must be digitally
literate

Two finger swipe —
reveals side panel.

Easier than anticipated

Navigation out of
MARS survey -
‘home’ button works
well when it’s there.
PT unable to get
swipe to work.

eCare dashboard —
delay to load.

Navigation out of
blood glucose/HF
Pred/MARS survey -
complicated patient
found workaround.
Took 20 mins of
‘playing around’ to
discover
workaround.

Computer literacy
and interest  —
needed for people to
be able to use.

Navigation  should
be easier. Should be
a home or back
button on every

page.

Design

Blood glucose graph-
easily understood

Medication list -
some information
not displayed. Only
sections with data in
them displayed?

HF Pred- hard to
select correct answer.

Would prefer
between options.

gap
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Participant PT1 PT2 PT3
MARS - confusion with Fit for purpose Text versus icon-
the term MARS Participant looked for
consider changing to text rather than icon.
‘Weekly survey’ on
menu page
MARS questionnaire Colours — green on Terminology
layout - understood white is good. Avoid inconsistent between
very easily black on white. Apps for accessing to-
do lists
(today/calendar)
Improvement from Text size — all ok on Simple and
mock-ups tablet. Would expect straightforward
it to be more difficult design. No problems
to read on phone. reading.
Dislikes using
accessibility
features.
Clear display Clear display Colours not

appropriate for those
who are colour blind,

Better black and
white.
Appropriate size (on Perfect design.

tablet)

Wouldn’t change at
all.

Smaller text on phone
—may need glasses to
read.

Utility

Slider  function -
training required on this

Medication list — not
useful. Maintains
own list. Useful for
people with memory
problems.  Details
about what the
medicines is for may
be useful.

eCare ‘notes’ section -
Quickly  understood
what this was for

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 { *

43




m Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report

SHAPES

Participant

PT1

Max/min values-
unclear that these were
max/min values

PT2

Motivation to use -

people would get
bored. Data input
would be a burden.
Bluetooth
connection  would
reduce burden.

Version 1.0

PT3

Good comprehension

of use of App.

To do lists are useful

Interpretation of
readings — would
like info on meaning
of readings.

Medication list - good
to see that information

Broad application to
health (lots of functions
available)

Suitable to needs —
provided a doctor
was getting the info.
Less concerned with
self-management.

Medication list-
queried what the
delete button was for

Exercise measurement
as an additional
functionality

Exercise and diet
measurement as an
additional
functionality

Push notifications/
medication reminders
- would not use and
not good for older
people. Shouldn’t
replace physical help
with medications

Wouldn't like if it got
too invasive or
complicated

Privacy and security

of personal
information very
important

Appropriate for needs
and age- participant
only has diabetes but
was interested in the
heart monitoring due
to other comorbidities

Already monitors
heart rate using
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Participant

PT1

PT2

Version 1.0

PT3

wearable monitor but

does not keep a
record. If it linked to
this app and was able
to show to doctor -
would be excellent.

Medication list not so
useful perceived that
doctors look after that

Information- good to
have information in
one place. Can be
shown to doctor.

Big scope- Could be

extended to other
conditions.
Gender Appeals to men and Appeals to men and No difference
neutrality women the same women the same
Quality of Measurements - Devices and self- Hands-on help - good
training training required to monitoring — training to have someone
understand would be needed to face-to-face to help at
physiological use the devices and start of training.
measurements how to self-monitor Would have struggled
in general without.
Questionnaires - Training manual - Informative. Simple.
important to explain no problems. Not confusing.
that the submit/next Helpful. Should Straight to the point.
icon doesn’'t activate contain more
until  questions are information on
answered navigation
Trainers —  clarity Live training — very Online technical
between asking helpful. Stepwise a support- would be
participant to do good approach helpful
something vs. showing
them what can be done
on the App
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Participant PT1 PT2 PT3
User manual display- Training for pilot -
discrepancy on Quite a lot will be
Medicines information needed
page on App Vs.
manual
User training essential
Training required on
use of devices
Training was simple
Overall Convenient No problems using Exciting
satisfaction this App
Time efficient Would continue Enjoyable
using
Good Concern over Informative
keeping people
interested
Self-management Met expectations Information at the

touch of a button.

The moderated tests were performed well by participants. Tasks including entering
dummy data, navigating to specific pages and completing questionnaires were
completed with minimal/no prompts.

Participants’ responses to the UEQ-S generally leaned towards positive attributes.
The only attribute that was scored in the lower half of the scale was on the
‘complicated-easy’ pairing. UEQ-S responses are shown in Figure 4.
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PT1

obstructive Q000e00 supportive

complicated Q00e000 easy

inefficient Q00000 efficient

confusing Q00000 clear

boring Q0Q000e0 exciting

not interesting Q0Q000e0 interesting

conventional Q0Q000e0 inventive

usual Q00000 leading edge
PT2

obstructive Q0000 e0 supportive

complicated 0000000 easy

inefficient Q0000 e0 efficient

confusing Q00000 clear

boring Q0000 e0 exciting

not interesting Q00000 interesting

conventional Q0000e0 inventive

usual Q00000 leading edge
PT3

obstructive QQ0O000Qe supportive

complicated Q000e00 easy

inefficient Q0Q0O000Qe efficient

confusing Q00000 clear

boring Q0Q000e0 exciting

not interesting Q0Q0O000Qe interesting

Figure 4 UEQ-S responses to the SHAPES app after hands-on experiments (PT3-gen)

Recommendations for technical partner

A meeting was held on 23 November 2021 to present service user feedback to
technical partners. No specific recommendations were made rather, a follow-up
meeting was arranged to discuss collaboratively how the issues that arose during the
hands-on testing, particularly with navigation, could potentially be mitigated. It was
agreed that the ‘back’ arrow would be present on all pages to avoid the need for
participants to use the ‘swipe back’ function, which they found difficult to master. It was
also agreed that the ‘home’ icon would bring the user to the SHAPES menu page on
both Apps. Other suggested changes included modifying the wording in certain
sections of the Apps, deactivating redundant pages and fixing bugs.
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2.7.3 Conclusion

The hands-on training was the second of 2 user engagement activities involving target
users that were conducted for the PT3-general use case. It built upon the findings from
Phase 2 wherein feedback on the physical appearance of the patient-facing aspects
of the Apps was sought. For this activity, target users were able to interact with the
Apps and test their functionality and how they interact with them. For the first time, all
3 components (SHAPES Front-end, eCare and eHealthpass) of the use-case were
interlinked and presented to users as ‘one’ App. This allowed for any potential
navigation issues or inconsistencies to be detected at an early stage and incorporated
into feedback provided to the technical partners. Through collaboration and
discussion, changes were agreed between the pilot site and technical partners to
ensure that a balance could be struck between retaining the distinguishing features
and functionality of each individual App and making the user experience as consistent
as possible. Overall, the different Apps worked well together and, with the
modifications mentioned in this section, the solution being brought forward into the
next phase is fit for purpose.

Additionally, due to the difficulties in recruiting appropriate participants to Phase 3
resulting in large numbers screened and exhaustive efforts made to identify potential
participants, it was discussed and agreed to change a number of eligibility criteria for
Phase 5 of the pilot to assist in this regard. These changes were made with the
intention of widening the pool of potentially eligible participants. Instead of participants
265 years, diagnosed with heart failure and diabetes, the NHSCT eligibility criteria
was amended to include participants =260 years, diagnosed with heart failure or
diabetes. It was hoped that this would greatly improve recruitment at later phases of
the pilot.
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2.8 Phase 4: Small Scale Live Demonstration

A small-scale live demonstration of the SHAPES Platform and digital solutions being
deployed in the Pilot theme 3 general use case (UC-PT3-Gen) was undertaken during
Phase 4 of the SHAPES pan-European pilot campaign at the NHSCT. Phase 4
provided the opportunity to test the functionality of the App together with the clinical
devices in a real-world environment. The demonstration tested the methods and
procedures that were used in the larger scale (Phase 5) in the target population. The
solution was tested in a real-world environment and sought to identify any issues with
connectivity and transfer of data. It explored if amendments were needed to be made
to processes, logistics or documentation that were used in the large-scale pilot (Phase
5).

Phase 4 also tested the strategy for the recruitment of participants for the pilot in Phase
5. This assessed the ability of the research team to identify the correct cohort of
participants and intended to indicate whether, or not, changes to the eligibility criteria
or approach to recruitment were needed.

2.8.1 Recruitment of participants

The Phase 4 small-scale live demonstrations were conducted with 2 participants who
were not intended to be representative of the target population but who were able to
test the solutions at home in a real-life environment. This adaptation to the originally
planned methodology was due to limited healthcare staff availability and outpatient
clinics after the COVID-19 pandemic which hampered our efforts to recruit target
users. Instead, eligible participants were recruited internally from NHSCT staff at the
Medicines Optimisation Innovation Centre (MOIC).

Inclusion criteria

e Stable self-reported Wi-Fi connection at home

e Self-reported as healthy, the participant feels well enough to take part in the
pilot

e Self-reported confident user of smartphone/tablet

e Employee of the NHSCT

Exclusion criteria

e Wears an electronic medical device or implant (e.g., pacemaker,
electrocardiogram)
e Allergic to rubber products

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 857159 b
49



-
Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report Version 1.0

SHAPES

Informed consent was gained from each participant.

2.8.2 Technical aspects & Logistics

An Android tablet device was purchased for the purposes of hands-on testing of the
SHAPES, eCare and eHealthpass Apps (presented to user as one app) in Phase 3
and was also used for the small-scale live demonstrations in Phase 4. Specifications
of the Android device are those specified in the protocol for the large-scale pilot study.

Android tablet specifications

e Android version 8 or above;

e Processor speed 2GHz or more;

e RAM 3GB+;

e Storage 64GB or above,;

e Support Wi-Fi;

e Support BLE;

e Front facing camera for facial recognition.

Four CE-marked, Bluetooth-enabled medical devices were purchased for the
purposes of the large-scale pilot study and were used in Phase 4, they were:

e A body composition monitor (OMRON VIVA Smart Scale);

e A glucometer (Roche Accu-chek Instant);

e A blood pressure monitor (OMRON M7 Intelli IT);

e A pulse oximeter (Beurer GmbH PO60 Bluetooth pulse oximeter).

The SHAPES App (comprising the SHAPES Front-end App, the eCare App and the
eHealthpass App) tailored for the UC-PT3-Gen was downloaded onto the purchased
tablet and given to the participants to use at home along with one of each of the 4 CE-
marked, Bluetooth-enabled medical devices. Appropriate infection control measures
were taken with the devices between participants. Researchers provided full training
on how to use each device and user manuals were provided. A SHAPES user manual
was also provided for using the App (Annex 12).

Participants were asked to use the devices to take daily readings of their weight, blood
pressure, heart rate, oxygen saturation and blood glucose, for 3 days. The readings
from the devices were electronically transferred to the SHAPES App via Bluetooth.
Participants could view their data via the App and had the ability to enter readings
manually. Participants were asked to enter at least 1 reading per parameter over the
course of the 3 days to test this functionality. Participants were also asked to complete
a daily survey containing questions about health status, and a weekly survey about
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use of medicine. For the purposes of Phase 4, the participants entered example data
to complete these questionnaires.

An example medication regimen was uploaded to the App by researchers and was
available to view, both as a comprehensive list of all medicines, and a daily list to serve
as a reminder of what has to be taken that day. Participants were asked to view this
information daily.

Participants’ data was uploaded to a browser-based researcher dashboard.
Researchers were able to view each participant’s clinical and survey data.

Participants were asked to keep a user log (Annex 13) during their 3 days’ of using
the solution. During this time, they were asked to record the time of each interaction,
activities undertaken and if any errors occurred during use. Errors may have included
but were not limited to:

e System crashes;
e Error messages;
e Dead links;

e Unsaved data.

The logs were then reviewed by the pilot site researchers together with the technical
partners to determine what the cause of any errors were and how they could be
rectified or prevented in future.

In a short, unstructured interview, participants were asked to describe their experience
in testing the App and devices and suggest any amendments or additions they felt
were needed in the user manual for the SHAPES App so that changes could be
actioned before the documentation was used in the large-scale pilot.

The pilot site researchers (and if necessary, the technical partners) were available
during the live demonstrations to provide support. A log of all requests for support was
kept and analysed after the demonstration. This process informed the type of technical
support that may be required during the run-in period of the large-scale pilot, and
allowed the study team to make necessary arrangements.

Recruitment strategy assessment

The recruitment strategy for Phase 5 was tested in Phase 4 to determine how many
potentially eligible patients could be identified during the recruitment period. Heart
failure clinic attendees were reviewed over a specified period of time. Client lists from
MEAAP were reviewed to identify the number of potentially eligible participants they
could approach when recruitment began for Phase 5. Although the full eligibility of
potential participants could not be assessed without approaching people directly, this
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activity helped to estimate how many eligible participants were likely to be identified
during the time allocated to recruitment.

Patients were not approached for the purposes of this assessment and no personal
data were recorded. A clinician and member of the MEAAP team completed a pre-
screening log (Annex 14) using medical notes and what they already knew about the
patient. The log featured the eligibility criteria that could be reasonably determined
without directly questioning the patient.

2.8.3 Roles and Responsibilities

The SHAPES pilot site researchers at NHSCT were responsible for recruiting and
consenting participants to take part in the live demonstration. NHSCT provided training
and acted as a single point of contact for the participants. Technical partners EDGE
and Gnomon were responsible for providing technical support (via NHSCT) to
participants if needed.

2.8.4 Ethical considerations

An ethical self-assessment for Phases 1-5 of this use case was completed (Annex
15). For Phase 4, an information sheet (Annex 16) specifying the nature of the
research and pilot, including also the processing of personal data as part of the
research and/or on the SHAPES platform, was provided. A consent form (Annex 17)
for each participant was obtained manually before any use of the digital solutions and
devices.

As this was a non-representative sample, not involving service users or changing
treatment, Phase 4 of the Pilot 3 general use case (UC-PT3-gen) did not meet the
definition of ‘research’ and as such did not require specific local ethics board approval
or DPIA documentation.

Approvals from necessary authorities

The Head of Service at the Medicines Optimisation Innovation Centre (MOIC) at the
NHSCT, Professor Michael Scott, was responsible for oversight of the project and his
approval was obtained on this project plan (Annex 18) before proceeding with the live
demonstrations. NHSCT information governance also reviewed the plan to identify any
data protection issues.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 { *

52 o



<>\© Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report Version 1.0

SHAPES

2.8.5 Outcome of the Small-Scale Live Demonstration

The small-scale live demonstration of the PT3-gen use case took place between 11
and 29" April 2022. Prior to conducting the demonstrations with participants, the
NHSCT team performed extensive in-house testing of the applications and were in
frequent communication with technical partners to address any issues arising during
this process. This approach was continued through into the live demonstrations.
Technical issues identified during the in-house testing of the applications caused a
brief delay to the commencement of Phase 4 and called for further testing to be
conducted outside of this distinct timeframe. All information gathered during the
planning and execution of Phase 4 contributed to preparations for conducting Phase
5.

Participants

Two female members of NHSCT staff (moic+005 and moic+006) were recruited to
participate in the Phase 4 small-scale live demonstration. Both participants were
pharmacists with experience in medicines management research but had little to no
prior connection to the SHAPES project. Neither participant had viewed the SHAPES
App prior to receiving training. Participants used the test tablet device to conduct the
testing.

Outcomes

Outcomes of the Phase 4 small-scale live demonstrations are presented in Table 9.

Table 9: Outcomes of the Phase 4 small-scale live demonstrations (PT3-gen)

Outcome Moic+005 Moic+006 Comments

Each participant Yes Yes

used the 4 clinical

devices each day

for 3 days.

100% of data for Issues reported Issues reported BP monitor failed

heart rate, blood to synchronise on

pressure, blood day 3 for

glucose, weight moic+005.

and

guestionnaires Multiple eCare

are successfully synchronisation

transmitted  via issues reported for

Bluetooth to the user  moic+006.

SHAPES App. EDGE confirmed it
was due to the
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Moic+006
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Comments
same medical
devices having
been used
between

participants.

Participants

Issues reported

Issues reported

Moic+005 could

viewed their not get access to

medication list the medication list

daily. on day 3
Moic+006 logged
out of eHealthpass
app on day 3.

All participant Yes Yes

data received by

the SHAPES app

was securely

transferred to

Edge and

Gnomon servers.

All participant Yes Yes Transfer was

data received by completed  using

Edge and SHAPES TP (from

Gnomon servers Gnomon) and

was securely eCare (from

transferred to EDGE) as the

TREE. Symbiote
connector was not
yet stable to be
used.

All participant Yes Yes VICOM was able to

data received by
EDGE and
Gnomon servers

was securely
transferred to
VICOM.

provide one risk
estimate per
participant
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Recruitment strategy assessment

MEAAP client lists were reviewed in March 2022 to determine the number of
potentially eligible participants for the recruitment of Phase 5. Out of approximately
1,500 people, 399 were aged over 60 years and had heart failure and/or diabetes.

From January to March 2022, patients were screened for potential eligibility as they
attended a heart failure clinic run by the consultant cardiologist on the research team.
There were 16 patients identified as being potentially eligible. Full eligibility could not
be determined without contacting potential participants directly which wasn’t permitted
at this stage as this was a scoping exercise and full ethical approval had not been
sought for this purpose. Nevertheless, these numbers gave a positive indication that
recruitment of 30 people to Phase 5 over the time period of 3 months was achievable.
Neither MEAAP nor the consultant cardiologist had any concerns about reaching the
recruitment target for Phase 5.

Recommendations for technical partners

Some of the issues that arose before, during and after the live demonstrations, were
very minor and straightforward to resolve. In contrast, some issues were larger and
required further investigation and/or additional testing. Below is a summary of the key
findings from Phase 4 and the actions that were taken to optimise the digital solution
that would be taken forward into Phase 5. Please note that specific details of all the
technical issues encountered before, during and after this phase and steps taken to
rectify have not been provided.

EDGE

There were some issues with synchronisation of the medical devices to the eCare
components of the App. It was quickly identified that these issues were caused by the
participants sharing the same set of devices during their testing periods, without
properly resetting the devices. The sharing of these devices by different users
introduced synchronisation errors that compromised the results of this testing phase.
Further in-house testing with a new set of devices was completed to provide additional
confirmation that this issue would not occur in Phase 5.

Another issue that arose was regarding the App timing out during completion of the
‘Daily Survey’ in the eCare App, which was addressed and rectified.

A recommendation to add an automatic reading option (in addition to allow manual
input) when clicking on a specific task in the To-do list was acted upon and was present
in all future versions of the App.
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Following a series of discussions between NHSCT and EDGE and one additional
testing phase, all issues with the eCare and Front-end Apps were resolved by the end
of August 2022.

GNOMON

With regards to the eHealthpass components of the solution there were three main
areas where issues were identified before, during and after the small-scale live
demonstrations of the PT3-gen use case. They were: the capability of the system to
include accurate information about users’ medications; synchronisation of data
captured using the smart glucometer and accessing eHealthpass features of the App
via the Front-end App. Resolution of some of the issues raised was complex and
prolonged with multiple versions of the eHealthpass App being released and tested
over a period of nine months.

Regarding the capability of the system to include accurate information about users’
medications, feedback on concerns raised by the Phase 4 participants regarding the
display of medication details, was provided to the technical partner. After multiple
discussions and negotiations, a number of workarounds were agreed in order for the
use case to be able to proceed to Phase 5.

Shortly before Phase 4 began, there was an unexpected technical issue between the
eHealthpass App and the Roche Accu-Chek Instant glucometer wherein the
glucometers distributed to the UK were programmed to measure blood glucose in
mmol/L rather than mg/dL as they do in the rest of Europe. This caused some major
issues with the synchronisation of blood glucose readings into the eHealthpass
system. Addressing this particular issue was difficult due to the hardware not being
available in Greece for testing by Gnomon. When hardware became available, this
issue was resolved promptly. However, due to this delay, only 1 of the participants
was able to test this functionality in Phase 4. NHSCT performed additional in-house
testing after Phase 4 to confirm functionality prior to Phase 5.

During Phase 4 testing there had been issues reported by participants regarding
accessing the eHealthpass components of the App on the third day of testing.
Subsequent in-house testing of newer versions of the Apps revealed further ongoing
issues with regards to the links between eHealthpass, the Front-end App and access
to the SHAPES Platform via the ASAPA module (supplied by HMU). From a user’s
perspective, particularly in an older demographic, navigation into and through the
SHAPES App needed to be as simple and straightforward as possible. Despite much
effort on the part of all technical partners and NHSCT, by February 2023 multiple
logins to the Front-end App where still being required per session to access the
eHealthpass components. This issue could not be resolved in time for the already
delayed Phase 5 to commence and NHSCT made the decision to exclude
eHealthpass functions from the PT3-general use case in Phase 5.
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VICOM

VICOM was able to deliver one risk estimate for each participant, indicating that the
risk was null and that all required information to provide the risk estimate was in place
to adequately calculate risks.

TREE

TREE was responsible for the receipt of data from eHealthpass, eCare, and storing
this data in the SHAPES datalake, to be further processed (by TREE and VICOM).
The datalake was ready and received the data collected, however, the final SHAPES
TP was not used as one of the connectors was not stable at this point. TREE received
the data and conducted tests of their own algorithms related to vitals control analysis.

Lessons learned for Phase 5 of the pilot campaign

The Phase 4 small-scale demonstrations and the subsequent in-house testing
performed by NHSCT proved to be a useful activity in preparing the use case for large
scale testing in Phase 5.

e No major concerns regarding meeting the recruitment target were identified
using the strategy adopted during Phase 4.

e All technical issues that were able to be resolved were identified and fixed.

e Certain features of the App were optimised for a better user experience.

e The pilot site learned that the medical devices should not be paired with more
than 1 Android device without being fully reset or else synchronisation issues
would occur.

e The pilot site was able to test the user manual, identify errors and make
improvements to its content.

e There was a delay between Phase 4 and Phase 5 to allow issues identified in
Phase 4 to be addressed before starting Phase 5. This should be factored into
future project designs.

e Multiple logins for digital solutions provided by more than 1 partner was not
considered appropriate for our service user population despite this being a
requirement of the SHAPES platform for security reasons.

e Regrettably, a key outcome of Phase 4 was the exclusion of the eHealthpass
component from the PT3-general use case at the NHSCT pilot site. This
included use of the blood glucose meter, weekly medication adherence
guestionnaire and medication list.
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2.9 Phase 5: Large-scale pilot activity

In Phase 5, a non-randomised, single-armed, cross-sectional interventional pilot study
with an optional qualitative interview component was conducted. The pilot aimed to
recruit 30 participants at the NHSCT lead pilot site and 10 participants at the UNRF
replicating site.

The pilot was conducted with service users in Northern Ireland from the NHSCT who
resided in their own home or supported living environment. Additionally, interviews
were conducted with clinical or policy leads in the NHSCT. The pilot was managed by
researchers from the MOIC in the NHSCT.

The pilot was replicated in Cyprus and included service users from the Strovolos Day
Centre and the surrounding community in Nicosia. The pilot was managed by
researchers from the University of Nicosia Research Foundation (UNRF).

Intervention

The intervention piloted was a novel system supporting older individuals with multiple
long-term conditions to self-manage their chronic conditions through the daily use of
a digital health product that also facilitated the remote monitoring of a person’s health
status.

The goals of the intervention were to help people self-monitor their health conditions,
physiological parameters and medicines adherence to promote safer and more
effective use of medicines in their own home. In future, the intervention may facilitate
the remote monitoring of people by health and social care practitioners and use
artificial intelligence (Al) algorithms to predict deterioration in a person’s health status.
However, this functionality was not investigated in the present study.

Participants were asked to download the SHAPES App to an appropriate smartphone
or tablet. Mock-up images of the App were provided as a supporting document. Four
CE-marked, Bluetooth-enabled medical devices, specifically a body composition
monitor (OMRON VIVA Smart Scale — NHSCT only), glucometer (Roche Accu-
Chek Instant- UNRF only), blood pressure monitor (OMRON M7 Intelli IT) and pulse
oximeter (Beurer GmbH PO60 Bluetooth pulse oximeter — NHSCT only), were
provided, as appropriate, to participants to use at home. Participants diagnosed with
heart failure were provided with the body composition monitor (OMRON VIVA Smart
Scale — NHSCT only), blood pressure monitor (OMRON M7 Intelli IT) and pulse
oximeter (Beurer GmbH POG60 Bluetooth pulse oximeter — NHSCT only). Participants
diagnosed with diabetes (UNRF) were provided with the glucometer (Roche Accu-
chek Instant) and given the option to use the other devices according to preference.
Participants were encouraged to use the devices to take daily readings of their weight,
blood pressure, heart rate and oxygen saturation, and readings of their blood glucose
as per their existing diabetes care plan (if applicable). The readings were electronically
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transferred to the SHAPES App via Bluetooth. Participants viewed their data via the
App and had the ability to enter readings manually, if required. Participants were also
encouraged to complete a daily survey containing questions about their health status
(participants with heart failure only), and a weekly survey about their use of medicine
(UNRF only). At UNRF, the participant’s medication regimen was uploaded to the App
by researchers and was available to view both as a comprehensive list of all
medicines, and a daily list to serve as a reminder for what was to be taken that day.
Participants were asked via the App on a weekly basis if any changes had been made
to their treatment that week so that their medication regimen can be amended
accordingly.

Participants received a one-on-one, face-to-face introduction to the App and training
on how to use both it and the connected medical devices. A user manual contained
detailed step-by-step supportive guidance and information and was provided to
participants in hard-copy format for reference during the pilot. There was a run-in
period of approximately 1 week wherein the participant could familiarise themselves
with the App and liaise with the researchers to troubleshoot any problems they may
have experienced with the technology. Participants were asked to use the App and
connected medical devices for 12 weeks. Researchers contacted participants by
telephone at the end of week 1, if there were 3 or more consecutive days where no
data had been received (up to a maximum of 4 times during the pilot) and monthly (if
required) thereafter. These telephone contacts were to enable the researchers to
support participants with their use of the technology and troubleshoot any issues they
may have experienced (no health advice or clinical support was provided by the
researchers. If participants had any health concerns, they were encouraged to contact
their specialist care team).

All data entered or transferred into the SHAPES App (i.e., clinical readings, survey
responses) was pseudonymised and was stored in the technical partners’ (EDGE and
GNOMON) servers and then uploaded to the SHAPES big data platform. Selected
data was then processed by 2 further SHAPES digital solutions; a heart failure
decompensation risk prediction algorithm (VICOM) and an analytic tool that generated
personalised dynamic thresholds for participants’ clinical parameters (TREE). These
digital solutions had not yet been validated or CE-marked for use as medical devices.
Therefore, the outputs were not used to inform clinical care, but rather to determine
whether the digital solutions are capable of producing outputs reliably using the
available data, and to indicate if there were any associations between the risk scores
generated and the participants’ use of unscheduled care.

Participants’ data and outputs from VICOM and TREE digital solutions were uploaded
to a browser-based researcher dashboard. Researchers were able to view each
participant’s clinical and survey data, and manage participants’ medication regimens
as needed. Researchers viewed the available data and information for purposes of
monitoring usage of the App and inputting changes to medication regimens only.
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Primary objective

e To investigate user engagement with the SHAPES App and Digital Solutions

Secondary objectives

The following objectives are specific to the ‘Supporting multi-morbid older individuals’

use case:

e To validate the capability of the SHAPES Platform and Digital Solutions to;

o implement a personalised approach to achieve safe and effective use of
medicines at home.

o achieve better patient outcomes by initiating, developing and sharing
best practice with regards to medicines use.

o address and improve deficiencies with adherence to medicines and
treatments.

o identify associations between precursor signs of deterioration and
unscheduled healthcare resource use.

o improve data collection to develop predictive algorithms for heart failure
decompensation.

o improve older individuals’ quality of life.

e To explore the integration of the SHAPES Platform and Digital Solutions to align
with current and developing care pathways.

e To explore user trust and acceptance of the SHAPES Platform and Digital
Solutions.

Tertiary objectives

The following objectives align with the general purposes of the SHAPES large-scale
piloting campaign:

e To validate the capability of the SHAPES Platform and Digital Solutions to;

o

0O O O O O

support and extend healthy and independent living for older individuals
who are facing permanently or temporarily reduced functionality and
capabilities.

improve the older individuals’ health outcomes and quality of life.

gain the older individuals’ trust and acceptance.

gain the care professionals’ trust and acceptance.

contribute to the reduction of the workload of medical professionals.
deliver efficiency gains in health and care delivery across Europe.
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Primary outcome

Participants’ engagement with the SHAPES App during the pilot as defined by the
number of times the App was opened per day over 3 months.

Secondary outcomes

Participants’ user experience with the SHAPES App as measured using the User
Experience Questionnaire —short version (UEQ-S).

Usability of the SHAPES App as measured using the SUS.

Number and rate of successful registrations of each clinical parameter per
participant, per day (heart rate, blood pressure, weight, oxygen saturation, blood
glucose).

Number and rate of control limits (upper and lower) successfully generated by the
‘Vitals Control’ analytic tool per person (rate defined as number of pairs of limits
generated per week during the pilot).

Number and rate of heart failure decompensation prediction (HFPred) risk scores
successfully generated per person (rate defined as number of scores generated
per week during the pilot).

Change in hospitalisation rate per person (hospitalisations/month) and A&E
attendance rate (attendance/month) three months prior to baseline compared with
3 months during the pilot.

Participants’ self-reported medication adherence as measured using the MARS at
baseline and at the end of the pilot.

Participants’ beliefs about medicines as measured using the BMQ at baseline and
at the end of the pilot.

Correlation between participants’ self-reported medication adherence and beliefs
about medicines.

Number and rate (score/week) of heart failure decompensation prediction
(HFPred) risk scores successfully generated per person during the pilot.
Correlation between HFPred scores and unscheduled care during the pilot
(unscheduled care defined as composite of hospitalisations, A&E attendances,
specialist contacts, out-of-hours contacts).

Health-related quality of life as measured using the EQ-5D-5L questionnaire (4) at
baseline and at the end of the pilot.

Exploration of healthcare practitioners’ views on integration and alignment of the
SHAPES Platform and Digital Solutions with current care pathways.

Exploration of healthcare practitioners’ views about their trust and acceptance of
the SHAPES Platform and Digital Solutions.

Exploration of participants’ views about their trust and acceptance of the SHAPES
App.

Exploration of user engagement behaviours.
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Tertiary outcomes

The following outcomes align with the general purposes of the SHAPES large-scale
piloting campaign and data will be harmonised with outcome data from all pilots in the
campaign:

e Participants’ self-efficacy as measured using the general self-efficacy scale.

e Participants’ extent of social support as measured using the Oslo Social Support
Scale (OSSS-3).

e Participants’ health literacy as measured using the Single-item Health Literacy
Measure (HLM1).

e Participation in society as measured using non-validated participation questions.

e Participants’ quality of life as measured using the WHOQOL-BREF.

e Health-related quality of life as measured using the EQ-5D-5L.

e Usability of the SHAPES App as measured using the SUS.

e Technology Acceptance.

e Exploration of participants’ views about their trust and acceptance of the SHAPES
Platform and Digital Solutions.

e Exploration of healthcare practitioners’ views about their trust and acceptance of
the SHAPES Platform and Digital Solutions.

e Change in health service utilisation for unscheduled care related to heart failure
and diabetes as measured by:

. Number of hospitalisations;

. A&E attendances;

. Out of hours contacts;

. Contacts with specialist services.

e Economic impact of the intervention as measured by comparing the cost of the
intervention (devices, SHAPES Platform and Digital Solutions; staffing) versus the
cost of unscheduled care related to heart failure and diabetes during the pilot.

Data collection, management and analysis
Service user data collection methods

The majority of data collection was conducted remotely. The exception to this was the
face-to-face, one-to-one introduction to the app and devices. This was conducted in
person. The procedures below were completed in person or remotely dependant on
COVID-19 guidelines and participant preference.

Service user prior to baseline procedures
e Screening;
o Eligibility confirmation;
e Informed consent;
e Training on use of SHAPES App and connected medical devices;
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Run-in, familiarisation with medical devices;
Contact details — name, address, email, phone number, alternative contact
name and phone number, Health and Care number (NHSCT).

Service user baseline procedures

Questionnaires — Barthel Index, Gijon Scale, EHFS, MARS, BMQ, EQ-5D-5L,
GSES, 0OSSS-3, HLM1, participation measure, WHOQOL-BREF.

Medical history data — height, weight, left ventricular ejection fraction, heart
rhythm, implanted devices, medical conditions, heart failure stage, dyspnoea
level, smoking status, leg pain symptom question.

Demographic data — including DOB, education, sex, marital status,
occupational status, caregiver status, housing details.

Technical data — device monitoring details e.g., model, manufacturer, serial
number and preferred time of day for reminders/questionnaires, make and
model of the participants’ own smartphone/tablet.

Laboratory results — urea, creatinine, sodium, potassium, haemoglobin,
cholesterol, eGFR, HbAlc, ACR, urine creatinine, urinary albumin-creatinine
ratio.

Unscheduled care — hospitalisations (previous 3 months), and previous month
hospital readmissions, A&E attendances, out of hours care, specialist service
contacts, emergency ambulance call outs.

Current prescribed medication — name, frequency, strength, chronic or as
required, stop date if stopped during the pilot, start date if started during the
pilot.

Service user study visits and procedures

This project has received funding from the European Union’s Horizon 2020 research

During the pilot, the participant was asked to record the following at least once
daily, as appropriate, via the SHAPES App; blood pressure, heart rate, oxygen
saturation, weight (as well as body mass index, body fat, visceral fat, skeletal
muscle, basal metabolic rate).

Participants diagnosed with diabetes and monitoring blood glucose regularly
were requested to record their blood glucose with the same frequency as
directed by their doctor on the SHAPES App (UNRF only).

Participants diagnosed with heart failure were asked a series of daily questions
about their heart failure symptoms administered via the SHAPES App.

All participants at UNRF were asked about their adherence to medication with
a weekly MARS questionnaire. This was planned to be administered via the
SHAPES App, however it was completed in paper format as explained in Table
28.

During the pilot, the UNRF patients could view their medication list.
Unscheduled care updates — any updates to baseline hospitalisations, hospital
readmissions, A&E attendances, out of hours care, specialist service contacts,
emergency ambulance call outs were recorded from medical notes.
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e Prescribed medication updates — any updates to prescribed medications
notified by participant.

e Tracking data — data was logged about how the participant used the SHAPES
App e.g., date/time of usage, what functionalities were accessed.

e Adverse events — date, start time, injury description, incident description,
action taken, location of incident (private home or healthcare facility).

e Researchers documented any contact received/provided regarding support
required to facilitate the pilot (date, duration, reason).

Service user end of pilot visit (+14 days)

e Questionnaires — UEQ-S, SUS, MARS, BMQ, EQ-5D-5L, GSES, OSSS-3,
HLM1, participation measure, WHOQOL-BREF, technology acceptance
measure.

e Participant may participate in an interview at this time or a separate date may
be accommodated.

e Demographic data — marital status, occupational status, caregiver status,
housing details.

Service user follow-up study visits and procedures
e If an interview was consented to this occurred at a mutually convenient time
after the intervention was completed.
e 3-month follow-up data collection (+/- 7days) completed at UNRF only:
e Questionnaires — EQ-5D-5L, GSES, OSSS-3, HLM1, participation measure,
WHOQOL-BREF.

Healthcare professional data collection

The interviews carried out with health care professionals were conducted remotely
using video-conferencing software.

Health and Social Care staff prior to baseline procedures
e Screening;
e Eligibility confirmation;
e Informed consent.

Health and Social Care staff interview
e The interview included background on the SHAPES innovation action,
information on the intervention applied and demonstration of data collection.
e A semi-structured interview guide, framed the conversation which was recorded
(audio and video).
e The interview was transcribed and thematic analysis conducted.
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Data collection tools

Service user data was documented using a case report form (CRF). Paper
guestionnaires formed part of the CRF and the CRF was the source for questionnaires.
The source for all data points can be found in the data plan. The CRF was then
transcribed onto an online database. Specific data was securely shared with other
SHAPES partners and appropriate Data Processing Agreements were in place.

Data collection for the interviews with healthcare professionals were audio and visually
recorded. These were completed using videoconferencing software. Interviews were
transcribed and the transcript validated by a second researcher.

Adverse incidents

Adverse incident definition: Any event or circumstances that could have or did lead to
harm, loss or damage to people, property, environment or reputation arising during
the course of the business of a Health and Social Care organisation/Special Agency
or commissioned service.

No adverse incidents occurred during the pilot.

The research team were not made aware of any product recalls regarding the medical
devices used in this pilot.

Clinicians did not have access to the data collected and participant treatment was not
changed due to taking part in this pilot. This was clearly noted in the participant
information sheet. If participants were concerned in any way about the readings on
their devices, they were directed to follow their normal mechanisms for seeking
healthcare.

Protocol deviations

Data collection was monitored by the research team through the researcher
dashboard. Participants were contacted via phone after a week of starting the
intervention to see if they need any assistance. Thereafter, the participants were
encouraged to contact the research team if they had any technical difficulties. If no
data were uploaded for 3 consecutive days, the research team contacted the
participant to see if there was a technical issue. Additionally, if there were significant
issues with data collection, participants were contacted monthly to act as a reminder
or to troubleshoot any issues that may have occurred. If the participant notified
researchers that there was a change to their medication, the participant was contacted
to confirm the change and the medication list was updated by researchers.
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This pilot examined the real-world use of the SHAPES App and associated medical
devices. Therefore, if participants did not enter data as requested in the pilot, this was
not documented as a protocol deviation; rather this provided an insight into how the
participants used the digital solutions.

Data management

Personal data minimisation and purpose limitation principles were followed so that this
use case only processed data that was adequate, relevant and limited to what was
necessary to deliver the objectives of the pilot. Personal data was processed only for
these purposes. Only personal data strictly necessary to the completion of this pilot
was retained.

Further details regarding personal data were described in the DPIA, Personal Data
Processing Descriptions document and DPIA risk assessment document for this pilot.
Additionally, a detailed description of all data (including but not limited to personal
data) collected can be located in the data plan for this pilot.

Missing data

The VICOM heart failure prediction algorithm required a number of data fields to be
completed each day in order to provide a decompensation risk. If one of these values
was missing, no risk prediction was performed. It was necessary on occasion to
populate a participant’s average value, e.g., if a participant is bed bound it was difficult
to provide a daily weight value. These exceptions were documented. If a complete
data set was not obtained, data was imputed. It was clear to the researcher which risk
scores were based on fully completed data versus partially completed and imputed
data.

Data duplication

Heart rate was collected by both the blood pressure monitor and the pulse oximeter.
A decision was made by NHSCT for the heart rate data collected by the pulse
oximeter, to be recorded.

2.9.1 Recruitment (NHSCT)

Service users

Potential participants were either identified from hospital in-patient and clinic lists in
NHSCT by their direct care team or by a project officer from MEAAP. Alternatively,
they could contact the research team directly from a recruitment poster or the research
team could contact potential participants if consent to contact was obtained. An

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 { *



-
Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report Version 1.0

SHAPES
information sheet (Annex 19), study summary (Annex 20) and privacy notice (Annex
21) were provided to potentially eligible participants. Once eligibility was confirmed,
written consent (Annex 28) was obtained.

HSC staff recruitment

A list of appropriate professionals was identified from the research team’s knowledge
and contacts. An invitation email containing information about SHAPES and a request
to conduct an interview and demonstrate the intervention was sent. An information
sheet (Annex 23) and privacy notice (Annex 24) were provided to those that accepted
the request and the research team obtained consent (Annex 25).

2.9.1.1 Eligibility criteria
Service user inclusion criteria

At point of consent;

e NHSCT service user;

e 260 years;

e Diagnosed with heart failure and/or diabetes mellitus;

e |If diagnosed with diabetes mellitus (and not heart failure), treatment includes
regular monitoring of blood glucose;

e Lives at home or in supported living accommodation (category 1 or 2):

o Category 1 — self-contained accommodation for the more active older
people, which may include an element of scheme supervisor support
and/or additional communal facilities;

o Category 2 — scheme supervisor supported self-contained
accommodation for the less active older people, which includes the full
range of communal facilities.

e Has stable self-reported Wi-Fi connection at home;
e Has access to an appropriate android smartphone or tablet:

o Android device running version 6 or above; supports Wi-Fi; supports
BLE; front facing camera for facial recognition.

e Self-reported stable disease state, the participant feels well enough to take part
in the pilot;
e Self-reported confident user of smartphone/tablet.

Service user exclusion criterion

At point of consent:

e Participant report of cognitive impairment;
e Wears an electronic medical device or implant (e.g., pacemaker,
electrocardiogram);

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 { *

67



Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report Version 1.0

SHAPES

e Allergy to rubber products.

HSC staff inclusion criterion

e Knowledge of patient care pathways;
e Employed by the NHSCT service in Northern Ireland.

HSC staff exclusion criteria

e Unwilling or unable to provide consent.

2.9.2 Recruitment (UNRF)

Potential participants who stay in the Strovolos Day Centre and surrounding
community were invited to participate in the pilot in Cyprus. On this note and because
the numbers are small, participants were selected on the basis of convenient and
random sampling. Sampling was convenient because participants were available at
the day centre. Ten (10) participants were selected to participate in the pilot
acceptability study in Cyprus.

2.9.2.1 Eligibility criteria
Inclusion criteria
The following inclusion criteria were applied:

e age = 65 years;

e presence of digital skills;

e signed informed consent;

e preserved basic functional independence;

e adequate compliance with study protocol;

e have been diagnosed with diabetes and hypertension.

Exclusion criteria
The following exclusion criteria were applied:

e subjects not living in the catchment area (Nicosia);
e any acute medical condition;

e any surgery in the last 3 months;

e major neurocognitive disorder;

e moderate and severe depression;
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e existing disability (needs human help in one or more basic activities of daily
living);

e heart failure;

e angina pectoris;

e uncontrolled high blood pressure (>160 mmHg systolic);

e heart arrhythmias that could interfere with functionality;

e peripheral arterial disease;

e any terminal illness;

e frailty syndrome;

e risk of falls;

e any condition that might limit mobility (e.g., Parkinson’s disease, severe
arthritis, stroke sequela);

e visual impairment (best corrected visual acuity of worse than either 20/40 or
20/60).

Exclusion criteria were documented by medical history.

An information sheet (Annex 26), and privacy notice (Annex 27) were provided to
potentially eligible participants. Once eligibility was confirmed, written consent (Annex
28) was obtained. If a person gave informed consent, the person was included in the
study and continued with the Compliance Form. If the person did not fully complete
baseline questionnaires, the person was excluded from the study. If the person did not
fully comply with SHAPES instructions or did not appropriately use SHAPES items,
the person was excluded from the study.

Key differences between lead site and replicating site:

There were several key differences in how PT3-General was replicated in UNRF,
these included the provision of an android tablet and Wi-Fi to participants who did not
previously have access to this technology. It was decided not to provide participants
with an android tablet at NHSCT for several reasons, firstly, the high cost of these
items for 30 participants and relatively short duration of the use case. Also, 78% of the
UK population over 55 years old own a smartphone, therefore, it did not seem like a
necessary additional expense (19). Additionally, in terms of the participant population,
eligible participants in Cyprus were = 65 years (= 60 years NHSCT), diagnosed with
diabetes and hypertension and so used consumables and a blood glucose monitor to
measure blood glucose and a blood pressure meter to measure blood pressure. Due
to issues described in Phase 4, NHSCT decided not to use the eHealthpass
component of the SHAPES App in Phase 5 and therefore did not include participants
diagnosed with diabetes. In contrast, Cypriot participants did not have heart failure so
did not use the body composition monitor, the pulse oximeter and the HFPred
algorithm.
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2.9.3 Communication and dissemination of pilot activities

Any data that arose from the pilot study were owned by the NHSCT and UNRF
respectively. On completion of the study, all data was analysed and tabulated and
used to prepare a final report, available as Deliverable D6.4 of the SHAPES Innovation
Action. This deliverable (and all other agreed deliverables) are available to the public
for review and accessible via the SHAPES website (www.shapes2020.eu).
Participants were notified of the outcome of the study via a specifically designed
newsletter. NHSCT and UNRF will seek to disseminate the findings from this study at
conferences and in the scientific literature. As per the SHAPES Publication Protocol,
all publications arising from this study will reflect the range of effort that has made
them possible; including conceptualisation of the research project and research task,
methodology development, data collection and analysis, interpretation and discussion
of results; as well as project management. Any publications will be reviewed and
receive meaningful contribution by all named authors. NHSCT and UNRF will also
seek to communicate the findings of this study via social media, and in other, non-peer
reviewed, media outlets. Participating SHAPES partners will have the rights to use
data from this study in their own analysis and dissemination plans. As detailed under
‘Access to Data’, Data Processing Agreements were in place to facilitate the sharing
of pseudonymised data with specific SHAPES partners for specific purposes.

2.9.4 Risk management

All foreseeable data-related risks were compiled into detailed risk assessment
documents which formed part of the Data Protection Impact Assessments for Phase
5 PT3-gen conducted in NHSCT and UNRF. For each risk identified, a risk
classification, root cause, name and consequences were assigned. Once identified,
each risk was then analysed and attributed a score from 1 (unlikely/minor) —4 (almost
certain/critical) for probability and impact. Subsequently, appropriate mitigation actions
were assigned and an appropriate person responsible was identified. These risks were
reviewed periodically.

In addition to data risks, there was a risk identified relating to the lone working of the
research team, especially when conducting home visits. Any NHSCT staff carrying out
lone working while undertaking the SHAPES pilot were required to follow the NHSCT
lone workers policy. A potential risk to participants due to the unlikely occurrence of a
device malfunction was also identified. IAny such, incidents occurring in NHSCT
participants were expected to be reported in-line with the NHSCT policy ‘Adverse
incident management policy (including serious adverse incidents). Approval to
conduct the pilot in NHSCT was sought from an independent Research Ethics
Committee (REC) before the start of the pilot. The protocol and all other relevant
documents (e.g., participant information sheets, consent forms, user manuals etc.)
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were submitted alongside an Integrated Research Application System (IRAS) form for
REC review. Approval to conduct Phase 5 of the pilot in UNRF was obtained from the
Cyprus National Bioethics Committee.

Finally, a full internal ethical review of Pilot 3 was conducted and is detailed in Section
7 of this deliverable. This enabled all contributors to review how all use cases in Pilot
3 aligned with the ethical frameworks applied to the SHAPES project and identify any
further risks.

2.9.5 Outcome of large-scale pilot activity
2.9.5.1 NHSCT (lead site)

Overview

Screening and recruitment to Phase 5 large-scale pilot of the SHAPES UC-PT3-
general use-case was conducted between December 2022 and March 2023 and
participants were actively involved between March and June 2023.

A consultant cardiologist reviewed 20 cardiology clinics retrospectively (N=200
patients) and 11 cardiology clinics prospectively (N=110 patients). Fifty-nine
potentially eligible participants were identified.

MEAAP screened their client database and identified 89 potentially eligible
participants.

Therefore, a total of 148 potentially eligible participants were identified at the NHSCT
site, however only 4 participants took part in the pilot due to the reasons described
below in Table 10.

Additionally, 3 healthcare practitioners were interviewed. They included, a male
diabetes service improvement manager, a female heart failure specialist pharmacist
and a male acute medicine consultant.

Table 10 Recruitment and retention of participants at NHSCT (PT3-gen)

Recruitment and retention of older adult participants at NHSCT

Screened prior to eligibility assessment

Excluded N=144

‘ Does not live at home or in supported living accommodation  N=4
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Recruitment and retention of older adult participants at NHSCT

Does not have stable self-reported Wi-Fi connection at home N=4

Does not have access to an appropriate android smartphone N=26

or tablet
Does not have self-reported stable disease state N=1
Is not a self-reported confident user of smartphone/tablet N=34

Wears and electronic medical device or implant (e.g. N=14
pacemaker, electrocardiogram)

1
(o))
=

Other (please specify)

Reason 1: Ill health/complex mental health

Reason 2: Deceased

Reason 3: Consultant did not think pilot was appropriate
Reason 4: Paperwork was too much

Reason 5: Not interested in participating

Reason 6: Going away/on holiday over pilot period
Reason 7: Android device issues (viruses)

Reason 8: Could not make contact with patient

Allocated to intervention
Lost to follow-up

N

=

ZZZZ%ZZZ
P RPNOOOODNNDN

Z
.|>

Discontinued Intervention

Reason 1: Electronic medical device implanted

Assessment of KPIs

Assessed for KPI 1 N=4
Assessed for KPI 2 N=4
Assessed for KPI 3 N=4
Assessed for KPI 4 N=4
Assessed for KPI 5 N=4
Assessed for KPI 6 N=4
Assessed for KPI 7 Not assessed
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Table 11 Baseline characteristics of Phase 5 participants (PT3-gen)

Variable Number of participants Value
‘Age (years) 4 66.0 (+1.41)
Male 4 4 (100%)
BMI (kg/m?) 4 31.6 (+4.60)
Heart failure 4 4 (100%)
Heart failure stage 4 2.5 (x0.5)
LVEF (%) 4 38.0 (x7.39)
Dyspnoea level 4 1.5(£1.29)
Diabetes 4 2 (50%)
Type 1 diabetes 4 0 (0%)
Hypertension 4 4 (100%)
Smoking 4 0 (0%)
Values are mean (xSD) or n (%)
LVEF= left ventricular ejection fraction

The primary outcomes of the large-scale pilot activity were to measure a predefined
set of KPlIs, i.e., a set of measures that focus on the factors most critical to the success
of the UC-PT3-general pilot, and to evaluate the UC-PT3-general use case using the
MAST evaluation tool.

Key performance indicators

Seven KPIs were identified for evaluation in the PT3-general use case. They were
divided into 3 categories: recruitment and retention; user engagement and
acceptance; and collection of data. Tables 12 to 17 present the data used to determine
the success of each KPI. Table 18 provides an overview of the success of the pilot
with regards to KPIs.
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Recruitment and retention

KPI 1 At least 80% of the target cohort were successfully recruited into the
pilot during the recruitment period

Table 12 Number and percentage of target participants recruited into Phase 5 (PT3-gen)

Parameter MEAAP NHSCT Total
Target number of 10 20 30
participants

Number of O 4 4
participants

recruited

Percentage 0% 20% 13%
recruited

KPI 2 At least 80% of recruited participants remained enrolled in the pilot until
the end of the study.

Table 13 Participant retention during Phase 5 (PT3-gen)

Parameter Value

Number of participants at baseline 4

Number of withdrawals 1

Number of participants at end of study 3

Percentage retained 75%
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User engagement and acceptance

KPI 3 The overall user experience quality of the App as measured using the
short version of the UEQ-S was classified as ‘Excellent’, ‘Good’ or
‘Above average’ based on published benchmark data.

Table 14 Mean pragmatic and hedonic quality UEQ-S scores and their comparison to published benchmark data

(PT3-gen)

Scale Mean Comparison to benchmark
W 2.63 Excellent

Hedonic quality 1.56 Good

Overall 2.09 Excellent

. Ecellent

Good

Above Average

Below Average
N Bad
[\ 2 2N

Pragmatic Quality Hedaonic Quality overall

Figure 5 Mean UEQ-S and benchmark scores for the usability of the app (PT3-gen)
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KPI1 4 At least 60% of participants continued to login to use the App daily after
two weeks of the pilot.

Table 15. Number and percentage of participants using the app daily after two weeks (PT3-gen)

Parameter Value

Number of participants who logged in daily for at 3
least 2 weeks after baseline

Total number of participants 4

Percentage using the App daily after two weeks 75%

KPI5 At least 60% of participants scored an above average rating (>68) in the
SUS.

Table 16. Number and percentage of participants scoring higher than 68 in the System Usability Scale (PT3-gen)

Parameter Value
Number of participants at end of pilot 4
Number (%) of participants scoring >68 in SUS 4 (100%)

Collection of data

KPI 6 Sufficient data was collected from participants to allow the heart failure
decompensation prediction tool to generate a percentage risk of
decompensation at least once per week for at least 60% of participants.

Table 17. Number and percentage of heart failure participants with at least one successful HFPred score generated
from a full data set per week (PT3-gen)

Parameter Value

Number of heart failure participants with at least 1 4
successful HFPred score generated from full data
collection per week?

Number (%) of heart failure participants 4 (100%)

This project has received funding from the European Union’s Horizon 2020 research
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KPI1'7 At least 60% of participants completed the MARS at least once a month
during the pilot.

This KPI was unable to be assessed due to the weekly medication adherence
guestionnaire functionality from Gnomon that was removed for Phase 5.

Overview of KPI achievement

Table 18. Overview of the success of Phase 5 of the pilot with regards to KPIs (PT3-gen).

Key Achieved during large- Comments
performance  scale pilot activity (yes/no)

indicator

KPI 1 No Despite screening a large number
of potentially eligible participants
our recruitment target was unable
to be met. Not being a confident
user or having access to an
appropriate android device was a
significant barrier.

KPI 2 No Due to the small number of
participants and the loss of a single
participant due to the insertion of a
medical device (thus making them
ineligible to continue in the pilot)
meant that this KPI was not

achieved.
KPI 3 Yes
KP1 4 Yes
KPI5 Yes
KPI 6 Yes
KPI 7 Not assessed Not assessed. The MARS

guestionnaire was a functionality
from eHealthpass (Gnomon) which
was not incorporated into Phase 5.
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Evaluation of use case using MAST

The MAST framework (15) was used to evaluate the effectiveness and contribution of
UC-PT3-general to quality of care. MAST is described as a multidisciplinary process
that summarises and evaluates information about the medical, social, economic and
ethical issues related to the use of telemedicine.

Three of the 7 multidisciplinary dimensions/domains of the MAST framework were of
specific relevance to the pilot of UC-PT3-General. These were: Clinical Effectiveness;
Patient Perspectives; and Economic Aspects. Completed MAST table can be found in
Table 19. All the results presented below are based on data from 4 participants.

Table 19.Completed MAST evaluation (PT3-gen)

Outcome Baseline End of Mean
pilot change
Mean Mean (95% ClI)
(SD) (SD)
Clinical Effects on EQ-5D-5L Utility 6 6.75 0.75
effectiveness health-related Score (0) (1.5) (-0.72,
quality of life 2.22)
EQ-5D VAS 81.25 78.75 -2.5
(13.15) (7.5) (-17.34,
12.34)
Behavioural BMQ Necessity 22.75 22.5 -0.25
outcomes Score (2.63) (2.38) (-3.73,
3.23)
BMQ Concerns 12.25 14.0 1.75
Score (2.22) SD: (-4.77,
6.27 8.27)
BMQ differential 10.50 8.5 -2
score (3.87) (8.19) (-10.87,
(Necessity — 6.87)
Concerns)
Self-reported MARS Score 24.75 24.5 -0.25
adherence (0.50) (1.00) (-1.35,
0.85)
Hospitalisations 0 (0) 0 (0) 0(0,0)
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Domain

Outcome

Baseline

Version 1.0

End of
pilot

Mean
change
Mean (95% CI)

(SD)

Mean
(SD)

resources used

Utilisation  of A&E 0.25 0.25 0
health services attendances (0.5) (0.5) (-0.69,
0.69)
Patient Satisfaction UEQ-S Score - 2.09 -
perspectives and (0.62)
acceptance
Understanding SUS Score - 83.13 -
of information / (12.48)
Confidence (in
the treatment) /
Ability to use
the application
/
Access
Empowerment General self- 38.0 35.25 -2.75
/ efficacy scale (2.83) (3.86) (-7.44,
1.94)
Self-efficacy
Economic Related Cost of - No -
evaluation changes in use hospitalisations change
of healthcare
resources Cost of A&E No
attendances change
Cost of Cost of devices e Omron M7 Intelli IT blood

pressure (upper arm) €118.65
per unit incl. VAT

Omron VIVA body
composition monitor €167.50
per unitincl. VAT
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Domain Outcome

Baseline End of Mean

pilot change

Mean VEE (95% ClI)
(SD) (SD)

Beurer Bluetooth pulse

oximeter PO60 €85.08 per
unit incl. VAT

Cost of using
SHAPES digital
solutions  and
SHAPES
platform

Digital solutions from EDGE
(eCare), VICOM HFPred and
TREE (vitals control) were
highly customised for each
use case and as the Digital
Solutions and the SHAPES
platform are not yet
commercial entities it is not
possible to attribute a cost at
this stage.

Cost of staffing

NHSCT staff time

Baseline visit time = 1 hour
(additional 0.75 hour travel)
Maintenance/ troubleshooting
time via phone = Average
0.08 hour per participant

End visit time = 1 hour
(additional 0.75 hour travel)

Evaluation of UC-PT3-general primary and secondary outcomes

The pilot also sought to measure additional outcomes pertinent to testing the
hypothesis that the SHAPES Platform and Digital Solutions are capable of providing
opportunities for supporting medicine control and optimisation in older people with

multiple chronic health conditions.

Table 20 describes the main findings from each evaluated outcome.
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Table 20 Evaluation of primary and secondary outcomes (PT3-gen)

Outcome Finding

Participants’

engagement with
the SHAPES App
during the pilot as

defined by the
number of times
the App was
opened per day
over three
months.

This was the

primary outcome.

Participants’ user
experience with
the SHAPES App
as measured
using the User
Experience
Questionnaire —
short version
(VEQ-S)
Usability of the
SHAPES App as
measured using
the System
Usability Scale

Number and rate
of successful
registrations of
each clinical
parameter per

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 { *

Out of the four participants recruited to the pilot in NHSCT
there was very good engagement with the SHAPES App. The
SHAPES App was opened by every participant on more than
half of the days that the participants were active in the pilot.
Two participants opened the App every single day of the 12
week pilot.

Participant Number of  Total % days login
days number of
missed days
logins

1SuU 0 85 100

2SU 7 43 83.72

3SuU 42 85 50.59

5SU 0 85 100

Mean UEQ-S score for the four participants was 2.09 (SD
0.62). This finding indicates that the user experience was
‘excellent’ when compared with benchmark data.

Please see Figure 5, Table 14 & Table 19 for more detailed
information about the UEQ-S findings.

Mean SUS score for the four participants was 83.13 (SD
12.48). A score of over 68 in the SUS is considered above
average, therefore this finding suggests an acceptable level
of usability.

Please see Table 16 and Table 19 for more information
about the SUS findings.

The number of successful registrations of clinical parameters

ranged from 42 to 97. The rate of successful registrations per
participant per day did not fall below 0.55.
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Outcome Finding

participant, per Number of successful registrations
day (heart rate, (rate/day)
blood pressure, . _
weight, oxygen Clinical Blood Heart Weight Oxygerll
saturation, blood parameter pressure  rate saturation
glucoser) 1SU 88 (1.04) 97 89 (1.05) 97 (1.14)
(1.14)
*Blood glucose
was not monitored  2SU 48 (1.12) 70 42 (0.98) 70 (1.63)
at NHSCT (1.63)
3SU 52 (0.61) 94 47 (0.55) 84 (0.99)
(1.11)
5SU 91 (1.07) 95 92 (1.08) 95 (1.12)
(1.12)

Number and rate  The number of control limits sucessfully generated by the
of control limits

(upper and lower) Number of control limits (pairs of limits/day)

successfully Clinical  Blood Heart rate  Weight Oxygen
generated by the  paramete pressure saturatio
‘Vitals Control’ r n
analytic tool per

person (rate 1SU 85(1.00)  85(1.00) 85 (1.00) 85 (1.00)
defined as

number of pairs 25V 34(0.79)  34(0.79) 36(0.84) 34 (0.79)
of limits 3SU 44 (0.52) 44 (0.52) 44 (0.52) 44 (0.52)
generated per

week during the ~ 5SU 77(0.91)  77(0.91) 76(0.89) 78(0.92)
pilot)

Vitals control analytic tool per person ranged from 34 to 85.

Number and rate  All four participants had their HFPred risk score sucessfully
of heart failure generated at least once per week during the pilot.
decompensation

prediction

(HFPred) risk

scores

successfully

generated per

This project has received funding from the European Union’s Horizon 2020 research
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person (rate Participant Number of heart Number of risk
defined as failure scores per week
number of scores decompensation
generated per prediction risk scores
week during the
pilot) 1SuU 84 7

2SU 41 6.8

3SU 77 6.4

5SU 83 6.9
Change in There was no change in hospitalisation or A&E attendance
hospitalisation rate three months prior to baseline compared with three

rate per person months during the pilot.
(hospitalisations/

month) and A&E

attendance rate

(attendance/mont

h) three months

prior to baseline

compared with

three months

during the pilot

Participants’ self- A high level of self-reported adherence to prescribed
reported medications was observed at baseline and end of the pilot.
medication See Table 19 for more details.

adherence as

measured using

the Medication

Adherence

Report Scale

(MARS) at

baseline and at

the end of the

pilot

Participants’ Findings showed that participants had a high level of
beliefs about necessity and a low level of concern about the medications
medicines as prescribed for them, there was negligible change in these

measured using beliefs from baseline to the end of the pilot.
the Belief’s about
Medicines See Table 19 for more details.
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Questionnaire
(BMQ) at baseline
and at the end of
the pilot

Correlation
between
participants’ self-
reported
medication
adherence and
beliefs about
medicines

Due to the small number of participants, a true correlation
was not calculated. High medication adherence was
observed alongside participants with high levels of necessity
beliefs and low levels of concern beliefs about their
medicines.

Number and rate
(score/week) of
heart failure
decompensation
prediction
(HFPred) risk
scores
successfully
generated per
person during the
pilot

Participant Number of heart Number of risk
failure scores per week
decompensation
prediction risk scores

1SU 84 7

2SU 41 6.8

3SuU 77 6.4

5SU 83 6.9

Correlation
between HFPred
scores and
unscheduled care
during the pilot
(unscheduled
care defined as
composite of
hospitalisations,
A&E attendances,
specialist
contacts, out-of-
hours contacts)

1SU had no instances of unscheduled care during the pilot,
the maximum risk prediction was 49% during the 12-week pilot
2SU had no instances of unscheduled care during the pilot,
the maximum risk predicted during the 6-week pilot was 19%
3SU had no instances of unscheduled care during the pilot,
the maximum risk predicted during the 12-week pilot was 20%
5SU had one unscheduled visit to A&E during the pilot this was
not in response to a cardiac decompensation. During the same
week their decompensation risk prediction was 3%. They had
a maximum decompensation risk prediction of 41% during the
pilot.

Due to the small number of participants, no correlations could
be determined. No participant experienced a decompensation
during the pilot and the highest decompensation risk score
was 49%.

This project has received funding from the European Union’s Horizon 2020 research
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The risk scores were indicative of no decompensations
occurring and none of the participants experienced a cardiac
decompensation during the pilot.

Health-related
quality of life as
measured using
the EQ-5D-5L
guestionnaire (4)
at baseline and at
the end of the

EQ-5D-5L utility scores increased during the pilot, whereas
scores on the EQ-5D Visual Analogue Scale decreased.

See Table 19 for more details.

alignment of the
SHAPES platform

and Digital
Solutions with
current care
pathways

pilot

Exploration of There was a number of differing opinions expressed in terms
healthcare of the way healthcare practitioners could implement this
practitioners’ technology into current care pathways. Firstly, HCP1 raised
views on concerns that it may be more straightforward to use in certain
integration and diseases e.g. heart failure compared to diabetes as the clinical

care is very well defined in heart failure whereas diabetes was
felt to be more multi-factorial.

‘...whereas with diabetes, if they’re up or down there’s 10-15
things it could be you know so have they been out taking
alcohol, have they been eating a lot, have they been fasting a
lot, have they been doing a lot of exercise, has it been better
weather, because better weather makes your insulin work
better, so there’s a lot of problems with that.” [HCP1]

A common issue highlighted by all three healthcare
practitioners was about where the responsibility lay for
reviewing the data. If this responsibility lay with the patient who
could bring any concerns to their healthcare team as and when
they arose, this was thought to be much more manageable in
terms of workload but equally there were concerns over
whether patients in this population ‘...have enough autonomy
and agency themselves’ [HCP3] to act on the data presented.
HCP1 and HCP2 stressed that this system would create a
large volume of data if this was to be incorporated into
standard care for all patients and may need cover for a ‘seven-
day service’ [HCPZ2]. HCP3 highlighted that the information
presented could result in ‘alert fatigue’ in both service users
and healthcare practitioners and suggested that this
technology would be best used in specific patients for ‘defined

This project has received funding from the European Union’s Horizon 2020 research
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Exploration of
healthcare
practitioners’
views about their
trust and
acceptance of the
SHAPES platform
and Digital

Solutions

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 { *

periods of time to stabilise people or at least to get a
snapshot’[HCP3].

If this technology was to be integrated into standard outpatient
care an individualised care pathway may need to be
implemented depending on which disease specialties and
healthcare teams were implementing it.

The healthcare practitioners interviewed were generally very
trusting of the digital solutions demonstrated. They mentioned
that as long as the technology met all relevant governance
requirements (data protection, cybersecurity, and password
protection) they would be happy to use it. HCP1 and HCP3
mentioned familiarity with different digital technologies already
embedded into clinical care.

1 think it's becoming increasingly easier and safer. You know
obviously you have your DPIAs and | think a lot of people are
collecting health data now anyway, the phones are doing it;
step counts and all the rest of it. | think if patients are
adequately consented and informed about how their data is
being managed and it is actually secure. [HCP3]

In terms of acceptance of the solutions HCPs were generally
accepting of new technologies:

I think we have to be accepting now, you know ...everything
is going to be changing and we can’t do anything about it, we
just have to go with it[HCP2], ‘We are very confident, very
competent at it, we are happy with it’ [HCP1].

It was also mentioned that the use of this type of technology
was well supported, however, their previous experiences of
implementing new technology had resulted in unforeseen
challenges. To increase acceptance among healthcare
practitioners, the need for specific funding to allow adequate
staff resourcing was a key factor. At present, the healthcare
service in Northern Ireland is recovering from COVID-19,
which has resulted in staffing shortages, high workloads and
expanding waiting lists. As a result, unless capacity is built-in,
healthcare practitioners stated that there was no additional
capacity at present to take on new systems, training and new
care pathways.
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‘...we wouldn't have any capacity to do anything like this at the
moment. And so if you're thinking about pharmacist doing it,
you know there’s so many clinics we would love to set up in
cardiology between cardiac rehab and heart failure and
titration of meds and management. But the answer is just
constantly there's no money, there's no money. We need
funding. So there is absolutely no way they would be able to
take anything on unless there was specific funding and | think
you probably would need people you know who had a
background of cardiology or were able to be trained and
obviously to deal with the heart failure patients and then
intervene and give the correct advice to the patients when
things aren't good, but yeah, | know it sounds brilliant and
hopefully it's the way forward... [HCP2]

Exploration of
participants’
views about their
trust and
acceptance of the
SHAPES App.

In terms of trusting the App, none of the participants surveyed
had any issue or concern with it collecting, storing and
displaying their health information. All participants welcomed
the potential future inclusion of healthcare practitioners in
viewing their data.

All participants were very accepting of the SHAPES App and
indeed most would choose to continue using the SHAPES
digital solutions if it was available and if they could use it at a
lower frequency than was requested of them during the pilot
(every day for 12 weeks).

The participants perceived the App as useful for self-
monitoring their health indicators. However, they described the
frequency of using the devices and App every day as too
burdensome and monotonous.

‘Yes well it [the App] told me things every day but it was a bit
of a nuisance doing it every day, basically’ [1SU]

it [the App] was very useful, sort of storing all that information’
[2SU]

‘...the only thing as | say, would be trying to get it to do it on a
regular basis, but then if I'm doing it all the time, | suppose
eventually... you get used to it’ [3SU]

This project has received funding from the European Union’s Horizon 2020 research
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‘Mostly it supported me, with obviously to check my bloods,
oxygen, weight, which is the main thing | wanted, to make sure
that was right.” [6SU]

All participants perceived the App as easy to use once it was
set-up on their tablet and linked to the 3" party devices.

J

I found it was quite easy to use and everything went smoothly
[2SU]

‘...It was very, very easy. And it wasn't very hard. Even if you're
not computer literate. And it's still quite easy to use. It's, um,
it's pretty straightforward. [6SU].

‘there was nothing to dislike about it [the App], as | said like,
as | said, the thing is, | use a lot of technology myself’ [3SU]

Exploration of
user engagement
behaviors

The participants were highly engaged with using the SHAPES
digital solutions as evidenced by the very low number of days
that participants missed logging into the SHAPES App,
particularly 1SU and 5SU who did not miss any days over the
3-month period. Additionally, it is worth noting that 3 out of the
4 participants remained in the pilot for the full 3 months and
2SU had to be withdrawn for medical reasons.

2.9.5.2 UNRF (replicating site)

Overview

Screening and recruitment to Phase 5 large-scale pilot of the SHAPES UC-PT3-
general use-case was conducted by UNRF in September 2022 and participants were
actively involved between October 2022 and March 2023.

Researchers reviewed 25 potential participants from the Strovolos Day Centre and the
surrounding community in Nicosia and recruited 10 eligible participants to the pilot.
Fifteen potentially eligible participants were excluded for the reasons shown below in

Table 21.
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Table 21 Recruitment and retention of Phase 5 participants at UNRF replicating site (PT3-gen)

Recruitment and retention of older adult participants at UNRF

Screened prior to eligibility assessment

Excluded
' Reason 1: Barriers to SHAPES technology adoption ~ N=10
Reason 2: Unstable medical condition N=3
Reason 3: Declined to consent N=2
Allocated to intervention N=10
Lost to follow-up N=0
Discontinued Intervention N=0
' Assessed forkP12 ~~ N=10
Assessed for KPI 2 N=10
Assessed for KPI 3 N=10
Assessed for KPI 4 N=10
Assessed for KPI 5 N=10
Assessed for KPI 6 Not
assessed
Assessed for KPI 7 Not
assessed

Table 22 Baseline characteristics of Phase 5 participants at UNRF replicating site (PT3-gen)

Variable Number of Value
participants

Age (years) 10 76.6 (6.76)

Male 4 4 (40%)

BMI (kg/m?) 4 26.52 (4.02)
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Variable Number of Value
participants

Diabetes 10 10 (100%)

Type 1 diabetes 10 10 (100%)

Hypertension 10 10 (100%)

Smoking 0 0 (0%)

Values are mean (SD) or n (%)

Key performance indicators

Seven KPIs were identified for evaluation in the PT3-general use case. They are
divided into 3 categories: recruitment and retention; user engagement and
acceptance; and collection of data. Tables 23 to 28 present the data used to determine
the success of each KPI. Table 28 provides an overview of the success of the pilot
with regards to KPIs.

Recruitment and retention

KPI 1 At least 80% of the target cohort were successfully recruited into the
pilot during the recruitment period

Table 23 Target and actual numbers and percentages of participants recruited into Phase 5 of pilot at UNRF (PT3-

gen)

' Target number of participants 10 |
Number of participants recruited 10
Percentage recruited 100%
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KPI 2 At least 80% of recruited participants remained enrolled in the pilot until
the end of the study.

Table 24 Participant retention during Phase 5 of pilot at UNRF (PT3-gen)

Parameter Value
Number of participants at baseline 10
Number of withdrawals 0

Number of participants at end of study 10

Percentage retained 100%

User engagement and acceptance

KPI 3 The overall user experience quality of the App as measured using the
short version of the UEQ-S was classified as ‘Excellent’, ‘Good’ or
‘Above average’ based on published benchmark data.

Table 25. Mean pragmatic and hedonic quality UEQ-S scores and their comparison to published benchmark data
at UNRF (PT3-gen)

Scale Mean Comparison to benchmark
Pragmatic quality = 073 ~ Below average

Hedonic quality 0.65 Below average

Overall 0.69 Below average
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Figure 6 Mean UEQ-S and benchmark scores for the usability of the app at UNRF (PT3-gen)

KPI 4 At least 60% of participants continued to login to use the App daily after
two weeks of the pilot.

Table 26. Number and percentage of participants using the app daily after two weeks at UNRF (PT3-gen)

Parameter Value

Number of participants who logged in daily for at 10
least 2 weeks after baseline

Total number of participants 10

Percentage using the App daily after two weeks 100%

KPI5 At least 60% of participants scored an above average rating (>68) in the
SUS.

Table 27. Number and percentage of participants scoring higher than 68 in the SUS at UNRF (PT3-gen)

Parameter Value

Number of participants at end of pilot 10

Number of participants scoring >68in 0
SUS
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Parameter Value

Percentage of participants scoring > 0%
68 in SUS

Collection of data

KPI 6 Sufficient data was collected from participants to allow the heart failure
decompensation prediction tool to generate a percentage risk of
decompensation at least once per week for at least 60% of participants.

Not assessed HFPred was not used at UNRF as patients with heart failure were not
recruited.

KPI17 At least 60% of participants completed the MARS at least once a month
during the pilot.

This KPI was planned to assess a functionality within the eHealthpass part of the
SHAPES Front-end App. This could not be assessed as initially the MARS
guestionnaire was not assigned within the App and the requirement to sign in each
time the participants wanted to use the App for this task was deemed too complicated.

Overview of KPI achievement

Table 28. Overview of the success of Phase 5 of the pilot at the UNRF with regards to KPIs (PT3-gen)

Key Achieved during Comments
performance large-scale pilot

indicator activity (yes/no)

KPI 1 Yes Twenty five potential participants were
screened, following exclusions, the target
number of 10 participants was achieved.

KPI 2 Yes We managed to surmount the obstacles of
communicating with participants and the
technological barriers, retaining 100% of
the participants.

KPI 3 No Benchmarking of data revealed that the
usability was below the average.

KPI1 4 Yes After contacting participants either
remotely or in person, we achieved daily
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Key Achieved during Comments
performance large-scale pilot

indicator activity (yes/no)

data acquisition over a period of at least 2
weeks.

KPI 5 No Due to multiple usability difficulties that
participants faced during the use of the
technology, none of the participants scored
an above-average rating (>68) on the

SUS.
KPI 6 Not assessed N/A
KPI 7 Not assessed The MARS was completed in hard copy

version from all the participants at least
once a month during the pilot. Initially the
MARS questionnaire was not assigned
within the App and the requirement to sign
in each time the participants wanted to use
the App for this task was deemed too
complicated.

Evaluation of use case using MAST

The MAST framework (15) was used to evaluate the effectiveness and contribution of
UC-PT3-general to quality of care. MAST is described as a multidisciplinary process
that summarises and evaluates information about the medical, social, economic and
ethical issues related to the use of telemedicine.

Three of the 7 multidisciplinary dimensions/domains of the MAST framework were of
specific relevance to the pilot of UC-PT3-General. These were: Clinical Effectiveness;
Patient Perspectives; and Economic Aspects. Completed MAST table can be found in
Table 29Table 19. All the results presented below are based on data from 10
participants.
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Table 29. Completed MAST evaluation at UNRF (PT3-gen)

Domain

Clinical
effectiveness

Outcome

Baseline

Mean
(SD)

Version 1.0

End of
pilot

Mean
(SD)

Mean
change

(95% Cl)

Effects on health- EQ-5D-5L 9 7.7 1.3
related quality of  Utility Score (2.90) (1.55) (-0.52, 2.82)
life
EQ-5D VAS 57.5 62 -4.5
(9.81) (16.61) (7.46,16.46)
Behavioural BMQ 21.1(3.45) 19.8(2.48) 1.3
outcomes Necessity (-1.33,3.93)
Score
BMQ 13.5 15.8 2.3
Concerns (4.01) (2.93) (-5.38,0.78)
Score
BMQ 7.6 4 3.6
Differential (6.14) (5) (-1.31,8.51)
Score
(Necessity-
Concerns)
Self-reported MARS Score 18.4 19.6 -1.2
adherence (4.76) (5.48) (-5.7,3.3)
Utilisation of Hospitalisatio 0 1 1

health services ns
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Domain Outcome Baseline Mean
change
Mean
(SD) (95% CI)
Accident & 0 0
Emergency
attendances
Patient Satisfaction and UEQ-S Score - 0.71 -
perspectives  acceptance (0.44)
Understanding of SUS Score - 47 -
information / (2.79)
Confidence  (in
the treatment) /
Ability to use the
application /
Access
Empowerment / General self- 29.6 29 0.6
efficacy scale (3.69) (4.22) (-2.87,4.07)
Self-efficacy
Economic Related changes Cost of Not Not -
evaluation in use of hospitalisatio available available
healthcare ns
resources
Cost of
A&E Not Not -
attendances available available

This project has received funding from the European Union’s Horizon 2020 research

and innovation programme under grant agreement No 857159

96




m Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report Version 1.0

SHAPES

Domain Outcome Baseline End of Mean
pilot change
Mean Mean
(SD) (SD) (95% ClI)
Cost of resources Cost of e 7 units Lenovo Tablet Tab M10 TB-
used devices X306F (€1015)

e 10 units OMRON M7 INTELLIIT
BPM (€1178.10)

e 10 units Accu-Check INSTANT & 60
packets strips 50/pack (€2310.03)

¢ 8 units Huawei Wi-Fi Router E5783-
330 (€552)

e 4G Services Activation Fee (once-
off) Basic Monthly Fee VMB 2GB
(€866.56)

Cost of using Digital solutions from EDGE (eCare),

digital GNOMON (eHealthpass, TREE (vitals
solutions and control) were highly customised for each
SHAPES use case and as the Digital Solutions
platform and the SHAPES platform are not yet

commercial entities it is not possible to
attribute a cost at this stage.

Cost of UNRF staff time:

staffing
Recruitment, training, baseline visit,

technical support, end visit, travel = 85
hours in total for 10 participants.
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Performance of the eCare platform

During the pilot timeframe, eCare collected 1,155 measurements, including blood
pressure and heart rate measurements, distributed as follows:

Table 30 Number of measurements collected by eCare of UC-PT3-General (UNRF)

Participant Number of blood pressure  Number of heart rate
measurements collected measurements collected
1SuU 30 24
2SU 110 30
3SuU 25 26
4SU 59 58
5SU 127 98
6SU 62 60
7SU 54 51
8SuU 61 58
9Su 57 55
10SU 56 54
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3 Use case PT3-001

3.1 Introduction

This chapter describes the pilot activities of UC-PT3-001 In-home decompensation
prediction for heart failure patients. Target persons of this use case were aged 60 and
older, living at home, they had heart failure at stage 2 or 3. Target users were the
same older adults or any caregiver which lived with them or visited them at least 5
times a week. They were android smartphone users with access to the internet. The
SHAPES Persona for this pilot theme was ‘Roberto’ (1), a man in his early 70s who
lived in his own home with his wife. Roberto had multiple health conditions, including
diabetes and hypertension.

e Older adult;

e Heart condition;

e Other pathologies, although not an inclusion criterion, most participants were
expected to have multi-pathologies;

e Obese, although not an inclusion criterion, many participants were expected to
be overweight;

e Several medications;

e They forget to take blood pressure pills.

Objectives
Primary objectives

e To investigate user engagement with the SHAPES App and Digital Solutions
(PO1).

e Toinvestigate the user-perceived usefulness with the SHAPES App and Digital
Solutions (PO2).

Secondary objectives

e To investigate the capability of the SHAPES Platform and Digital Solutions to
optimise use of medicines in homes in terms of:
o Modifying pharmacological treatments (SO1);
o Improving adherence (SO2).
e To investigate the capability of the SHAPES Platform and Digital Solutions to
improve the management of the conditions (SO3).
e To investigate the identification of associations between precursor signs of
deterioration and unscheduled healthcare resource use (SO4).
e Toinvestigate the association between the computed dynamics thresholds and
unscheduled healthcare resource use (SO5).
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e To investigate the association between the computed degree of physical
activity and unscheduled healthcare resource use (SO6).

e To investigate the association of the VICOM’s heart failure decompensation
prediction score with unscheduled healthcare resource use, particularly
hospitalisations (SQO7).

e To investigate the capability of the SHAPES Platform and Digital Solutions to
improve older adults’ quality of life, wellbeing and psychological and
psychosocial aspects (SO8).

e To explore the integration of the SHAPES Platform and Digital Solutions to align
with current care pathways (SQ9).

e To explore user trust and acceptance of the SHAPES Platform and Digital
Solutions (S010).

Tertiary objectives

The following objectives align with the general purposes of the SHAPES large-scale
piloting campaign. To validate the capability of the SHAPES Platform and Digital
Solutions to:

e Support and extend healthy and independent living for older individuals who
are facing permanently or temporarily reduced functionality and capabilities
(TO1).

e Improve the older individuals’ health outcomes and quality of life (TOZ2).

e (Gain the older individuals’ trust and acceptance (TO3).

e Gain the care professionals’ trust and acceptance (TO4).

e Contribute for the reduction of the workload of medical professionals (TO5).

e Deliver efficiency gains in health and care delivery across Europe (TO6).

Clinika de Kay, known as Clinica Humana and referred in this Deliverable as CH, has
been the use case leader and a replication of the use case was planned to be
performed by the Gewi-Institut fur Gesundheitswirtschaft e.vV (GEWI), however, due
to recruitment issues detailed later in this document, this use case was not replicated.

3.2 Description

Older adults (>60 years old) living with from heart failure need a thorough control of
the disease in order to avoid decompensations. When decompensations occur, these
patients are normally transferred to hospitals incurring high expenses for health
systems, a decrease in their quality of life and an overall decrease of productivity for
caring relatives. Most severe cases can have one decompensation episode per month
on average. Others may have one decompensation episode every 6—12 months.
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Medication adherence has been associated with fewer heart failure symptoms and
fewer hospitalisations and deaths!. Medication is usually re-adjusted after a regular
medical visit or emergency call. Due to the number of decompensations, further re-
adjustments are needed with methodologies that do not overload the health system.
Smart monitoring and visualisation systems can help.

3.3 Digital solutions used in this use case

The digital solutions implemented in this use case are presented hereafter.
eCare (EDGE)

Remote monitoring platform which collects and displays wellbeing and health data
gathered manually or automatically (using Bluetooth connected medical and health
devices like blood pressure monitors, pulse oximeters, weight scales and activity
wristbands) in home environment. The platform includes a smartphone App for the
target user and a control panel for the healthcare professional.

ROSA and Adilib chatbot (CH and VICOM)

Chatbot which interacted with the target user. The chatbot launched questionnaires to
target users at times scheduled by the health professional. The user could also provide
specific data to the chatbot at any time. The chatbot engine was supported by
VICOM'’s Adilib and smartphone App was supported by CH’s ROSA. ROSA included
a control panel for the health care professional to visualise collected data from the
target user.

HFPred (VICOM); Vitals control (TREE)

Analysis of medicine optimisation by prediction of worsening disease based on clinical
device readings, patient feedback and modelling to allow timely intervention and
medication review (prediction of heart failure decompensation by VICOM,; vitals
statistical control: dynamic thresholds and out of range controls by TREE).

Centralised data from eCare and ROSA allowed the computation of heart failure
predictions.

1 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5714687/].
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3.3.1 Digital solutions used for COVID-19 response

There were no digital solutions used for the COVID-19 response in UC-PT3-001.
3.3.2 Equipment and devices used (from third parties)

Four external devices were used in UC-PT3-001:

e Blood pressure meter: OMRON M7 Intelli IT blood pressure monitor;
e Weight scales: OMRON VIVA Smart Scale;

e Pulse oximeter: Beurer PO60;

e Activity wristband: Xiaomi Mi 3 band.

Specifications can be found in section 3.8.2 (Technical Aspects & Logistics).

3.4 Data plan

The data plan for PT3-001 includes the:

e DPIA document that assesses whether the processing of personal data is on a
right level from GDPR point of view and describes the potential corrective
actions that has been taken.

e Personal Data Processing Descriptions that provide detailed information about
how personal data is collected, processed, and stored.

e DPIA risk assessment that identifies all the risks, its impact and probability and
proposes actions for risk mitigation.

e Data Processing Agreement that defines the responsibilities and obligations of
the data controller and the data processor regarding the processing of personal
data.

e Data Sharing Agreement that sets out the purpose, type and scope of data
sharing within PT3-001.

The data plan for Phase 5 of the pilot for UC-PT3-001 can be found here;
https://shapes2020.eu/wp-content/uploads/2023/06/UC-PT3-001 data-plan-
final 20062023.xIsx
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3.4.1 Data capture methods to be used

A range of different data capture methods was used throughout the 5 phases of this
pilot. Below is a list of these methods detailed in the sections describing each pilot
phase. All documents can be found in the Annex and are referred to throughout this
document where relevant.

Phase 1
No data capture methods were applied.
Phase 2

Semi-structured interview with annotations on an electronic file. An online interview
took place, alternating between demo slides and direct questions. The participants
were invited to express any opinions or thoughts that they had during the presentation
or suggested by the direct questions. Answers to direct questions were annotated on
the slides and additional comments were annotated in the comments section of the
PowerPoint file.

Phase 3

e Unstructured interview with annotations on paper while performing a demo of
the digital solutions and as required at any time during the session.

e Researcher annotated doubts and abnormal use of SHAPES App and
dashboards by participant while using them.

e Digital recording of participant’s hands and phone/computer screen while using
the digital solutions.

e Semi-structured interview that took place at the end of the session.

e UEQ-S (2).

Phase 4

e Data capture via the digital solutions with the objective of analysing the
robustness of data flow in and between the digital solutions. Captured data
consisted of:

o MARS questionnaire via SHAPES App.

o Daily medical questions via SHAPES App.

o Events of change of medication, hospitalisation, health professional
contact and lab tests (yes/no) via SHAPES App.

o Weight and timestamp via scale and SHAPES App.
02 saturation and timestamp via pulse oximeter and SHAPES App.
Diastolic and systolic blood pressure and heart rate, along with their
timestamps, via blood pressure meter and SHAPES App.
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o Activity (accumulated steps per minute, type of activity, heart rate) and
timestamp via wristband and SHAPES App.
o Sleep-related data (sleep latency index, sleep duration index, efficiency
index, disturbance level index) via wristband and SHAPES App.
e Questionnaires for the HFPred algorithm by VICOM:
o Barthel Index (10);
o Gijon socio family assessment scale (11);
o EHFScB (12).

e Data capture via the SHAPES platform: user and password.

e Personal data registered by researchers and related to devices: model,
manufacturer and serial number of devices; time of the day older persons prefer
to answer chatbot’s questions.

e Unstructured interview to collect participant’s feedback on the digital solutions.

Phase 5 data capture methods

e Data capture via the digital solutions with the objective of analysing the
robustness of data flow in and among the digital solutions. Captured data will
consist of:

o MARS (14) questionnaire via SHAPES App.

o VICOM’s heart failure decompensation predictor questionnaire via
SHAPES App.

o Questions about urine quantity change, palpitation events and
drowsiness via SHAPES App.

o Events of change of medication, hospitalisation, health professional
contact and lab tests (yes/no) via SHAPES App.

o Weight and timestamp via scale & SHAPES App.

o 02 saturation and timestamp via pulse oximeter & SHAPES App.

o Diastolic and systolic blood pressure and heart rate, along with their
timestamps, via blood pressure meter and SHAPES App.

o Activity (accumulated steps per minute, type of activity, heart rate) and
timestamp via wristband and SHAPES App.

o Sleep-related data (sleep latency index, sleep duration index, efficiency
index, disturbance level index) via wristband and SHAPES App.

e Data capture via the SHAPES platform: user and password.

CRF to capture the following data:

e Participant data (see Data Plan).
e Harmonised questionnaires (more details on harmonised data will be provided
in Deliverable D6.9):
o WHOQOL-BREF (3);
o EQ-5D-5L (4);
o General Self-Efficacy Scale (5);
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Oslo Social Support Scale (6);

Single item health literacy scale (7);
Participation questions;

SUS (8);

Technology acceptance questions (9);
Socio-demographic data (see Data Plan).

e Questionnaires for the HFPred algorithm by VICOM:

@)
©)
©)

Barthel Index (10);
Gijon socio family assessment scale (11);
EHFScB (12).

e Other data for the HFPred algorithm by VICOM:

@)
@)

Blood and urine lab tests (see Data Plan);
Medical history (see Data Plan).

e Pilot 3 questionnaires:

@)
@)

BMQ (13);
UEQ-S (2).

e Pilot 3-001 questionnaires:

®)
®)

Eadon grading scale (19);
Risk Instrument for Screening in the Community (20).

e Use of health care resources:

®)
®)
©)
©)

Hospitalisation dates;

Type of hospitalisation;

Reason of hospitalisation;

Use of other health care resources and dates.

e Unstructured interview to collect participant’s feedback on the digital solutions.
e SHAPES App use tracking data:

o

@)
@)
©)

Login timestamp;

Identification of pages seen, page login and logout timestamps;
Measurement insertion type (manual/automatic) and timestamp;

Type of chatbot interaction (initiated by user or chatbot) and timestamp.

3.4.2 Planning of evaluation

MAST

The MAST framework (15) was used to evaluate the effectiveness and contribution of
UC-PT3-001 to quality of care. MAST is described as a multidisciplinary process that
summarises and evaluates information about the medical, social, economic and
ethical issues related to the use of telemedicine.

A review of the dimensions of MAST revealed that 4 of the 7 multidisciplinary
dimensions/domains were of specific relevance to the pilot of UC-PT3-001. These
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were: Health problem description; Clinical Effectiveness; Patient Perspectives; and
Economic Aspects. Table 31 contains the data required for the MAST evaluation.

Regarding use of health care resources, as they are evaluated at baseline and end of
pilot (collecting data during pilot with assistance of the digital solutions), collected data
are both useful for the description of the current consequences of the disease (health
problem description) and to evaluate outcomes of the adoption of the digital solutions

(clinical effectiveness).

Table 31: Data required for MAST evaluation (PT3-001)

MAST Domain

Topic

Outcome Data required

Time point

Definition of
target condition

Health
problem and
description of

Symptoms and
consequences
& Burden of
disease

the application

Epidemiology

Current
management of
health condition

Features of the
application

Will not be measured
Use of health Number of Baseline,
care resources hospitalisations  during pilot,
end of pilot
Number of A&E  Baseline,
visits during pilot,
end of pilot
Number of GP Baseline,
contacts during pilot,
end of pilot
Number of Baseline,
nurse contacts during pilot,
end of pilot
Number of out- Baseline,
of-hours during pilot,
contacts end of pilot
Number of Baseline,
ambulance calls  during pilot,
end of pilot
Will not be measured
Will not be measured
Not applicable
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MAST Domain Topic Outcome Data required Time point
Clinical Effects on Mortality rate Number of End of pilot
Effectiveness  mortality deaths
Effects on Will not be measured
morbidity
Physical health  Risk of RISC score Baseline and
hospitalisation end of pilot
Mental health Psychosocial WHOQOL- Baseline, end
and BREF of pilot, 3-
psychological month follow up
wellbeing
GSES Baseline, end
of pilot, 3-
month follow up
Effects on Health related EQ-5D-5L Baseline, end
health-related quality of life scores of pilot, 3-
quality of life month follow
up
Behavioural Concerns about BMQ scores Baseline and
outcomes medicines end of pilot
Necessity beliefs BMQ scores Baseline and
about medicines end of pilot
Self-reported MARS scores Baseline and
adherence end of pilot
Utilisation of Use of health Number of Baseline (past
health services care resources hospitalisations 6 months),
during pilot,
end of pilot

Number of A&E  Baseline (past

visits 3 months),
during pilot,
end of pilot

Number of GP Baseline (past

contacts 3 months),
during pilot,
end of pilot

Number of Baseline (past

nurse contacts 3 months),
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MAST Domain Topic Outcome Data required Time point
during pilot,
end of pilot
Number of out-  Baseline (past
of-hours 3 months),
contacts during pilot,
end of pilot
Number of Baseline (past
ambulance calls 3 months),
during pilot,
end of pilot
Intervention Intervention Eadon scale During pilot
benefits benefits
Patient Satisfaction and User Experience UEQ-S scores End of pilot
perspectives acceptance
User acceptance TAM score End of pilot
Understanding  Usability of SUS Scores End of pilot
of information application
Confidence (in
the treatment)
Ability to use
the application
Access &
Accessibility
Empowerment  User Number of During pilot
engagement logins
Self-efficacy
Visited pages +  During pilot
time in pages
Insertion of data  During pilot
(automatic/man
ual)
Economic Amount and Cost of devices  Cost as per End of pilot
aspects cost of medical device
resources used purchasing
invoice
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MAST Domain Topic Outcome Data required Time point
Cost of using Costs to be End of pilot
digital solutions  provided by
and SHAPES SHAPES
platform
Cost of staffing Timesheets and  End of pilot

costing data
Related Cost of Cost of length of End of pilot
changes in use hospitalisations  stay per
of healthcare admission and
resources medical bed day
cost
Cost of A&E Attendance cost  End of pilot
attendances

MAFEIP

Due to the evaluation methodology (small-scale deployment, non-case controlled) the
MAFEIP tool (16) will not be used to evaluate UC-PT3-001.

3.4.2.1 Final check of the use case by using the CSFs of MOMENTUM and the NASSS
framework

MOMENTUM

The MOMENTUM blueprint (17) was applied to check if UC-PT3-001 had the critical
success factors (CSFs) needed to take it from the pilot phase to large-scale
deployment. Outcome of the process can be found in Annex 29. Details of each CSF
are provided below.

CSF 1. Cultural readiness for the telemedicine service

The leader of the use case, CH, has been working with telemedicine solutions for +7
years on a daily basis. In addition, data sharing and collaborative work is part of the
methodology. Deployment of PT3-001 solution in other sites may involve a slower
process.

CSF 2. Advantages of telemedicine in meeting compelling need(s)

This project has received funding from the European Union’s Horizon 2020 research
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Remote monitoring is a clear opportunity for a tighter follow-up of older adults with a
heart failure condition while addressing the shortage of skilled health professionals
and keeping costs reasonable.

CSF 3. Ensure leadership through a champion

The CEO of CH is directly involved in the definition and deployment of the use case.
CH is committed to incorporate such a monitoring system within their services.

CSF 4. Involvement of health care professionals and decision-makers

Health professionals and decision-makers from CH have been involved in the
definition and development of the content of the project. In addition, healthcare
professionals were participants of Phase 2, 3 and 4 and their feedback was collected.

CSF 5. Put the patient at the centre of the service

Patients were involved with the development of the digital solutions through the
planned activities for Phases 2 and 3 of the pilot — mock-ups and prototyping — at
CH. Such activities helped the investigators identify and produce information materials
and training to support patients using the App and getting the best possible results
from taking part in the pilot. All pilot sites agreed that the service was based on the
patient’s needs.

CSF 6. Ensure that the technology is user-friendly

Patients and health care professionals were specifically asked about user friendliness
of the digital solutions during Phase 2 and 3 of the pilot and adaptations were made
to enhance the user experience before the use case was piloted. Extensive training to
use the digital solutions of this use case was not required. User-friendliness was
tackled for all technologies addressed to the older adults. Regarding professionals,
eCare and embedded TREE and VICOM HFPred technologies followed the same
strategy. CH’s professional tools were developed for the sake of completion of
monitoring; the design followed usefulness guidelines but friendliness was not
achieved at this stage. As far as possible, we used mainstream technology to develop
the dashboards and control panels that were used by the health professionals.
Additionally, there was collaboration with CH’s health professionals in order to co-
create and define the design of the interfaces. The final system was tested was also
tested with health professionals. Usability and acceptance metrics (SUS) were used
to evaluate the final usability of the system.

CSF 7. Pull together the resources needed for deployment
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The resources required for deployment of the digital solutions for the pilot were
available, thanks to SHAPES funding and internal resources allocated. The technical
partners of the use case provided all IT competences.

CSF 8. Address the needs of the primary client(s)

First evaluations identified insurance providers as the primary clients. They are very
much in need of a reduction in health costs for their users with chronic conditions,
based on direct experience at CH. Cost of service could be a barrier, mainly due to
the human resources needed in monitoring. However, the solution allowed flexibility
in the monitoring protocol and this was evaluated (in terms of health professional cost)
during the pilot. The solution addressed the needs for enhanced efficiency and
improvement of quality in the health sector (mainly through a reduction of
decompensations and hospitalisations with a cost-effective monitoring service).

CSF 9. Prepare and implement a business plan

A business plan for the solution will be developed in D7.3 SHAPES Business Plan
within WP7.

CSF 10. Prepare and implement a change management plan

To be developed in D3.10 SHAPES Change Management and Implementation
Handbook within WP3.

CSF 11. Assess the conditions under which the service is legal

Review of the legal requirements with the Spanish Medicines Agency revealed that
the HFPred module was classified as a medical device. Since the HFPred was a non-
CE marked medical device, the results of the predictor were not shown to the medical
doctor to avoid influencing clinical decisions. Older adults participating in the use case
also did not see the results of the HFPred, however, they agreed through the informed
consent form to provide personal data to run the predictor. The HFPred was run only
for research purposes.

Completion of a DPIA identified and minimised any risks associated with the pilot with
input sought from other work packages and the SHAPES Data Protection Officer at
CH. Data processing agreements were established with relevant partners to permit
access to pseudonymised data.

CSF 12. Guarantee that the technology has the potential for scale-up

Although the patrticipants in the pilot were limited, the solution was designed with the
intention to scale it to a pan-European level. The use of human resources was
evaluated during the pilot, with a proper analysis of resources needed in relationship
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to the monitoring protocol. Pending satisfactory pilot results, 1 potential outcome is
that CH will contact relevant local and national key players in order to deploy it at large-
scale level.

CSF 13. Identify and apply relevant legal and security guidelines

GDPR was applied. The system provided implemented all security and privacy-related
regulations.

CSF 14. Involve legal and security experts

We worked with SHAPES partners (for example LAUREA, with extensive expertise in
this field), specifically because we were dealing with health data. VICOM was awarded
the ISO 27001 certification for information security management. HMU and VICOM
have extensive expertise in IT infrastructure security.

CSF 15. Ensure that telemedicine doers and users are privacy aware

The protocol for the pilot details all the steps that have been taken to ensure patients’
privacy was protected. The project has undergone a full ethical evaluation before
permission was granted to undertake the study.

CSF 16. Ensure that the information technology infrastructure and eHealth
infrastructure are available

SHAPES is developing a technology platform for pan-European distribution of health
and care digital solutions and services.

The pilot was designed to cope with this requirement as well.

CSF 17. Put in place the technology and processes needed to monitor the
service

The IT system was designed to work 24/365. In case of any bugs or issues the
development and maintenance team were available to rectify any such problem. CH,
EDGE and VICOM are the owners of all the software used in the pilot. This meant that
we didn’t have any software dependencies with third parties, and that we could fix the
source code at any point. The system logged all activities so any incident could be
identified and solved quickly. In addition to the user manual, we had access to the
software developers of the system in case of doubts or questions we could receive the
answers to them directly from EDGE and VICOM.

CSF 18. Establish and maintain good procurement processes

The requirements needed from the devices used in the pilot were defined and vendors
fulfilling them were identified. The SHAPES project provided the servers that were

* X%
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needed to run the solution. Those servers met the service level needed to run the pilot
successfully.
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NASSS

The NASSS framework (18) was used to detect areas of complexity in the project plan
for piloting UC-PT3-001 and, if needed, to make adaptations to the plan. The short
version of the NASSS-CAT and the NASSS-CAT Project questionnaires were
considered and completed by the pilot team (see Annex 30 and Annex 31). Of the 6
domains, there were 4 domains in which significant complexities were identified that,
if not mitigated or addressed, were likely to affect the project’s success at the piloting
stage of the use case.

At the time the NASSS framework was applied (January 2021) there were significant
uncertainties identified in 3 domains. Their description, along with the mitigation action
that have been or are being undertaken are listed in Table 32.

Table 32: Complexities and mitigation measures identified using the NASSS framework (PT3-001)

Uncertainties detected Mitigation measures
domain taken

NASSS complexity

Technology Many interdependencies Infrastructure for Phase 3
are being developed. was fully defined. Several
Bugs and crashes are actions were completed in
expected. Resources are order to increase
allocated but constant efficiency in the
check is needed to keep development, i.e. monthly
developing times. technical meetings and,
so far, 2 hackathons to
assure alignment among
technical partners.

Technology

Missing features within the
technologies have been
detected, particularly

A database manager was
developed by CH. ROSA
dashboard will incorporate

those necessary for full further data for display.
visualisation of gathered
data.

Value Proposition The time of the pilot must After mock up

be carefully re-evaluated
to reach KPIs in terms of
reduction of costs in use of
health care resources. We
need to re-evaluate the

presentations it was
detected that the solution
had value for the following
caregiver types:
informal/family and those
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NASSS complexity

domain

Uncertainties detected

Version 1.0

Mitigation measures
taken

design of the pilot to

maximise the outcome it
can provide. Several
guestions were raised: do
we need a control group?
Does the study need to be
a longitudinal study to

evaluate weight of
interventions vs. life-style
changes? Finally, the

value of the solution for
formal caregivers needs to
be further discussed.

who stay most of the

day/all day with patients.

The KPIs were redefined
to address the acceptance
of the technology as a first
step to evaluate a longer
pilot in the future.

Intended adopters

The technology requires
answering questions on a
daily basis. As heart
failure is a chronic
disease, the technology is
intended to be used for a
long time. We need to re-

evaluate the
adequateness of
guestions to avoid drop-
outs (older
adults/caregiver  getting
tired of answering
guestions).

An alternative chatbot
protocol was evaluated:
instead of chatbot
launching daily questions,
the user had an option on
the chat to start the
process. The user was
informed that if everything
was ok, they didn’t need to
start the question process.

External context

Regulatory needs to be
further evaluated.

Internal discussion and
contact with the Spanish
Medicines Agency re-
defined the legal
deployment of solution.
Some parts required CE-
marking and medical
device classification if the
solution was to be used by
health professionals to
inform clinical decisions.
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3.5.1 PACT and FICS Scenario

Table 33: PACT (PT3-001)

UC-PT3-
001

2021/01/14

Version

SHAPES Persona

Applicable

Roberto (P2)

Applicable
SHAPES use case

UCG: In-home heart monitoring

UC2: Digital Nurse

Point of contact

Clinika de Kay (CH)

Roles and/or actors
of typical users
involved in
delivering and
receiving the
telemedicine
intervention

(pilot site)

Point of contact VICOMTECH

(technical

provider)

People o Older adults, 65+ years old, care recipient, living

independently in their own home in urban environments.
They usually live alone or with their partner and are visited
by a caregiver on a regular basis (2-3h a day). They will
have none to little digital literacy level but have a basic
smartphone.

Caregivers: although the older adult is the preferred person
to be involved as user of the chatbot, one caregiver may take
over this role if the use of the App in the smartphone is a
barrier. In addition, any caregivers may introduce missing
data manually.

e Health professionals: they are the team of health
professionals giving assistance to the participants on a
regular basis. They will also collect data regarding the use
of health resources and medication.

Activities

Activities to be
performed by the
actors in order to

and receive the
telemedicine

successfully provide

Older adults / care receiver

e Takes the following measurements on a daily basis:
weight, BP, O2 saturation, heart rate

e Wears an activity band constantly

Has a smartphone that acts as gateway of data from

devices

e If contact person:
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intervention
procedures for the
professional and the
patient; Parameters
that determine the
measures used in
the intervention

Context

Social-medical
relevance of the
telemedicine
intervention; privacy
issues; risks for the
patient; locations

This project has received funding from the European Union’s Horizon 2020 research
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o Interacts with chatbot on a daily basis (fills
guestionnaires)

o May initiate interaction with the chatbot
occasionally (“My doctor has changed my
medication plan”)

o Provides data about use of health care resources
and medication (telephone call interview)

Caregiver(s)
e If contact person:
o Interacts with chatbot on a daily basis
o Provides data about use of health care
resources and medication (telephone call
interview)
e Fills missing data

General Practitioner

e Checking older adult health status using a dashboard
which reflects health data (at least once daily)

e Managing the interventions coming out from the previous
point:

o Interventions regarding medical assistance as
described in the health centre protocol and
services, using own system and procedures

e Collects data about any change in medication and use of
health care resources (even related to other/non-
SHAPES pilot health centres).

The older adult will be provided the following

devices/software and respective connectivity with the

SHAPES platform:

e Body weight scale, pulse oximeter, BP monitor, activity
band

e Mobile App - chatbot

One of the key goals is to optimise the medication plan,
which will lead to fewer decompensations. The main
objectives are:

e Monitor vitals, health status, symptoms and medication
adherence (chatbot questionnaires) to plan interventions
accordingly

e Update list of medicines to provide:

o Medicine reconciliation
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Scenario
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o To carry our interventions (including
pharmaceutical interventions) to prevent
decompensations from occurring

Fewer decompensations are expected to lead to a decrease
of the use of health care resources. To evaluate this, related
data will be collected during the pilot.

Other context points:

e Maintaining privacy of data is of the utmost importance.
An identification list (including name and DOB) will be
held at the local pilot site

e GDPR and ethics in line with WP8

o Data and servers must be located within the EU

e Spanish language

e Location: Mallorca, Spain

Older adult (and sometimes caregiver in alternative

scenarios)

Roberto is a 70-year-old person, living with his wife. He
suffers from heart failure, stage 2-3, and experiences one
decompensation a month. He regularly needs to contact
CH’s doctor to adjust his medication, for example; adding a
diuretic. He has some activity basically short walks outside
home with scheduled stops, and wandering at home, also
along established stretches and stops. He can eat, get
dressed and have a shower independently or with little help.
For these activities, he has a caregiver who goes 2/3h a day,
usually at the same times. The rest of the day, he is most of
the time sitting, watching TV and chatting with his wife. He
usually takes his medication properly, although sometimes
he misses a dose. This routine has actually improved since
the pharmacist offered him a pill organiser. He has several
chronic conditions for which he takes 5-10 pills, 2-3 of them
to control his heart failure.

Roberto wakes up at 8.00. Caregiver comes at 8.30 and
assists him in morning activities:

1) Wash, bath

2) He weighs himself (the result is saved in the App)
3) He gets dressed

4) He has breakfast

5) He takes his medications
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6) After half an hour, he takes his blood pressure, O2
saturation level and heart rate. If values are not
normal:

a. Blood pressure: he waits 15 min while sitting
and takes the measurement again (the result is
saved in the App).

b. O2 saturation/heart rate: He massages his
finger and takes the measurement again (the
result is saved in the App).

At 10.00-10.30h they have usually finished all morning tasks
and sit together and chat. Roberto receives a notification in
his cell phone. It's the time to answer the questions of his
chatbot. They are easy and quick to do, and make him feel
at ease because he knows his answers help his doctor to
know his state better (in an alternative scenario, it's Roberto’s
caregiver who has the App, receives the notification and
answers the questions).

- Regarding swelling periods (edema), in the last 3 days
your legs/feet or any other parts of your body are
better, worse or the same?

- In comparison with the last 3 days, today you feel
better, worse or the same?

- In the last 3 days, have you taken any medication not
ordered by a doctor?

If there is nothing unusual the questionnaire finishes here. He
also likes to comment with his caregiver while he’s
answering. Last week, he suffered a decompensation and
stayed in hospital for 2 days, where he didn’t feel like
answering chatbot’s questions. CH personnel called him to
check whether everything was ok, as they couldn’t see any
activity. He explained everything to them. (In an alternative
scenario, a caregiver fills missing data on Roberto’s behalf
through the application).

At 11.00h he gets a notification in his cell phone. It’'s a piece
of advice from the chatbot:

‘Remember to be active, try to walk 2000 steps a day”
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He knows, but it's summer and it’s very warm lately. Maybe
next time he sees his doctor will ask what to do at home
instead of walking outside.

Today at 12.00h, he has an appointment with his
rheumatologist, his knee arthrosis is not so well lately. He
walks to the bus stop, only a 10-minute walk. He wears the
bracelet that records his steps. He doesn’t have to think
about it too much, just once a week to recharge it. In the visit,
the specialist replaces a medication he is taking with a new
generation drug, apparently more effective.

Back at home, he remembers that he has been instructed to
notify any change in his pharmacological treatment. The
chatbot reminds him every week, but the sooner it is notified,
the better:

- “Hello, | have changes in my medication”

- “If 'm not mistaken, you are saying your medication
has changed, right? YES/NO”

- “Yes”

- “Thanks for letting us know, it's been registered, CH
will call you”

In addition to changes in the pharmaceutical treatment, other
guestions that are regularly asked to the older adult to detect
that new important events have happened are:
hospitalisation (every 7 days) and blood analysis (every 7
days). Roberto has always has the option to have the
initiative to notify them before the reminder.

Because he suffered a decompensation and was
hospitalised last week, he usually takes his blood pressure
again in the evening.

Next day, he gets a call from CH asking him about the
changes regarding his medication.

A few days later, he starts to feel more tired. It happens
sometimes. He answers in a chatbot’s question that he is
feeling worse, and a slightly longer questionnaire is
completed.

- Are you able to walk or to do activities like in the
previous day? Yes, no
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- Do you feel fatigued or have trouble breathing when
you are lying down in bed? Yes, no

- Do you feel you have more cough and / or mucus
(phlegm)? Yes, no

- Does the medication work for you? “No” if you relate
your medication with any side effect, such as
dizziness or low blood pressure, for instance. Yes, no

- Are you following the diet and exercise
recommendations indicated by your doctor or nurse?
Yes, no

- Have you noted that you are urinating less, more or
the same? Less, the same, more

- Have you had palpitations on your chest or neck? Yes,
no

- Are you more sleepy during the day? Yes, no

“You have finished the follow up questionnaire. Thank you! |
taken note of everything.”

While answering, he realises that he may be going less often
to the toilet.

Next day, he receives a call from CH, they suggest adding a
diuretic to his pharmaceutical treatment, because the new
arthritis drug may be retaining body liquids. In addition, they
will also visit him on the following day.

Health professionals

The physician has access to a dashboard where they can
see:

e Profile of participants, including medical data and
pharmacological treatments, collected at baseline

e Historic evolution of parameters (weight, blood
pressure, oxygen level, heart rate, number of steps,
answers to questionnaire, hospitalizations, history of
warnings, ...)

e Which older adult has informed about: changes in
medication, use of health care resources, blood
analysis

e Lack of collection of data

e Warnings: who has presented values out of the normal
range (ranges can be modified by the physician).
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Technology

Type of information /
parameter that are
relevant in
monitoring the
health status; type
and frequency of
accessibility of
information;
feedback modalities
(communication)
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The physician uses the dashboard every day at first hour to:

e Check for availability of updates (medication, use of
health care resources, blood analysis) or lack of
collection of data

o Which leads to the task of calling the older
adult/caregiver to collect data, which is
introduced in the system

e Reconcile pharmaceutical treatments

o Which leads to the intervention of changing
pharmacological treatments, communication to
the respective older adult/caregiver and
registration in the system

e Supervise patient evolution and associated warnings

o Which may lead to any intervention according
to the clinics procedure (registered in the
internal system of the clinic)

Caregivers

If they are the App users, they have access to the App where
they can fill missing data:

e Tointroduce vitals

e To introduce answers to questionnaires

e To provide updates (changes in medication, uses of
health resources, new lab tests)

Older adult

e Socio-demographic data (collected at baseline)

e Data about medical history (collected at baseline)

e Data about medication (collected at baseline and
during the pilot if there is any change)

e Lab results (collected at baseline and during the pilot
if there is any change)

e Answers to questionnaires (baseline, end of pilot, 3-
months follow up)

e Answers to chatbot questions (collected during the
pilot, daily questions through the ROSA App)

e Device measurements: Weight, blood pressure, heart
rate, O2 saturation, sleep information, physical activity
information (collected during the pilot through the
eCare App, Iinserted manually or collected
automatically through Bluetooth).
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Table 34: FICS (PT3-001)

App usage: login/logout information, App activity

In case the caregiver is the App user, the older adult’s
information will be provided by him/her.

Health professional

e Eadon intervention scale: Change in treatments /

medication, etc. (during the pilot)

e RISC questionnaire
e End of pilot questionnaires

Category Details

In this pilot there are two main actors: 1) Roberto, the target old
adult (and optionally an informal caregiver) and 2) the health care
professional team (HCP).

Function and
events

Functionality  of
the intended
system which is
capable to realize
actor’s activities

This project has received funding from the European Union’s Horizon 2020 research
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The system provides different functionalities for these two main

actors.

For Roberto:

1) Roberto uses an App in a smartphone or tablet connected to
the internet, plus several health devices (BP meter, weight scale
...) to report its status to the HCP and to get personalized
feedback from them.

2) The App authenticates the user.

3) The system offers the devices and the functionality to:

Measure blood pressure daily

Measure weight daily

Measure heart rate daily

Measure oxygen saturation daily
Measure activity daily using a wristband
Answer questionnaires

Receive reminders & notifications
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Category Details
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Measurement values are retrieved automatically from the
measurement devices through Bluetooth connection. In case
of any issue, the values can be reported manually as well.
The App collects all this information and delivers it to the HCP
Control Panel.

For HCP:

4) The system provides a control panel that allows the HCP to
monitor the status of their patients, the adherence to their care
plans, to personalize their care plans/medications/treatments
and to fully control of the system. The system also delivers alerts
to the HCP.

The system also predicts heart failure decompensations through
the HFPred, however, this information is not available to the
HCP. The HFPred is run during the pilot and the results will be
analysed after the pilot to study the accuracy of predictions.

5) In detail, the functionalities that are integrated in the control
panel are:

¢ New patient registration interface

e Patient list and patient profile viewer; it allows the entry of
baseline data as well

e Patient care plan prescription tool (patient to-do list). It
includes all vital signs measurements, activities,
guestionnaires, medications to take or treatments to
follow and their timing through the day

e Patient monitoring dashboard. This dashboard displays
the collected data (BP, O2Sat, weight, HR, activity,
answers to questionnaires ...). Appropriate visual
analytics tools / charts are used to display each variable
and to report adherence to the care plan

¢ Questionnaire authoring tool

e Alerts dashboard, includes history of alerts

e HF decompensation risk prediction tool (not showed to
participants)

e Chatbot control tool (ROSA)
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Category Details

6) The system stores all data related to the use case and allows
its exploitation in the future.

Interactions and
usability issues

User-system or
system-
component
interactions
meditating actor’s
activities; Types
of the
interactions, e.g.
unidirectional
data  streaming
service or reliable

In order to facilitate the interaction to the maximum, a chatbot
has been integrated in the user's App and used as the main
interaction method with the system. The chatbot has one mode:
text-based interaction. From now on, the chatbot will be called
ROSA.

ROSA remembers and requests the user all the tasks that he/she
has to do to complete the care plan provided by his/her HCP.
The user reports his/her feedback through ROSA.

Additionally, the user can also initiate dialog with ROSA to notify
or request relevant information or situations.

The HCP configures ROSA so that it delivers the care plan,
collects the corresponding answers from the user and sends

Variables of the
interaction

messaging

service reminders.
ROSA is a bidirectional communication tool, and the
communication can be started from both sides.

Content and The following picture describes the system concept:

structure

The data to collected is:

This project has received funding from the European Union’s Horizon 2020 research
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Category Details

e BP

e Weight

e Pulse heart rate

e O2 Saturation

e Activity related measurements
e Answers to questionnaires

Each datapoint will be timestamped.

The dialogs that will be launched from the App to the user are:

e Push notifications:
o Take vital measurement (BP, weight, pulse, ...)
(automatic connectivity)
e Questionnaires:
o Complete a specific questionnaire.

Questionnaires will be scheduled by date/time, or by values in
database.

The dialogs launched from the user to the HCP are:

e Specific dialogs:
o “My doctor has changed my medication plan”
o “l am not feeling well*
o “lwant to call Clinica Humana“
O

Style and
aesthetics

Look and feel of
the system

This project has received funding from the European Union’s Horizon 2020 research
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Category Details

Smartphone Tablet

eCare App

Enfermera Virtual

Smartphone ROSA App

3.5.2 Key performance indicators

KPIs were defined as a set of measures that focus on the factors most critical to a
project’s success. KPIs are measurable and quantifiable with a target or threshold.
They measure performance in critical areas by showing the progress or lack of it
towards realising the objectives of each specific use case. The following KPIs were
chosen to determine whether, or not, the pilot for UC-PT3-001 was successful.

Failure to meet four or more of the KPIs will indicate that repetition or major revisions
to the use case and associated digital solutions are needed before entering further
development oriented to commercialisation.

Recruitment and retention

This project has received funding from the European Union’s Horizon 2020 research
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1. Atleast 80% of the target cohort (older adults) were successfully recruited into
the pilot during the recruitment period.
2. Atleast 80% of recruited participants within the target cohort remained enrolled
in the pilot until the end of the study.

Technical performance

3. There is no re-start of any of the components of the technology, except for the
blood pressure meter, pulse oximeter or activity wristband, for at least 90% of
the days.

User engagement and acceptance

4. The overall user experience quality of the App as measured using the short
version of the UEQ-S (2) was classified as ‘Excellent’, ‘Good’ or ‘Above
average’ based on published benchmark data.

5. At least 60% of the older adults/caregiver provides all measures from blood
pressure, O2 saturation and heart rate at least 50% of the days.

6. At least 60% of the older adults/caregiver provides answers to setl (Follow up
guestionnaire) / set2 (Adherence to medication questionnaire) questions at
least 50% of the days.

7. At least 60% of participants using the App scored an above average rating
(>68) in the SUS (8).

8. Atleast 60% of HCP rated the technology as “Agree” or “Strongly Agree” when
asked “Does the technology improve the quality of your clinical practice?”

Benefit of interventions

9. Interventions by HCP are graded 4 (“Intervention is significant and results in an
improvement in the standard of care”) or above as measured using the Eadon
scale (19) in at least 30% of the records.

10.No intervention by HCP is graded 1 (“Intervention which is detrimental to the
patient well-being”).

3.5.3 Timeline of pilot activities

The original timeline of pilot activities according to the Description of Work was to
conduct Phase 1 and 2 between November 2020 and April 2021, then start with Phase
3 (prototype testing and hands-on training) in May 2021 and with Phase 4 (deployment
in controlled environment) in September 2021. It was planned that CH would conduct
Phases 1-5 and GEW!I would replicate Phase 5.

In Phase 3 (hands-on training), the SHAPES partners needed to be in direct contact
with the participants, the COVID-19 situation at the time made this very difficult

This project has received funding from the European Union’s Horizon 2020 research
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especially in this vulnerable population of service users. A formal request to extend
Pilot Theme 3 was approved by the Project Officer, therefore the start of Phase 3 was
postponed until it was safer for the older adults to have in-person meetings with the
SHAPES research team. Phase 4 and 5 involved training participants on the use of
clinical devices and recruiting from outpatient clinics. The COVID-19 situation resulted
in significant clinical staff redeployment and only essential outpatient services were
running in a number of sites. The restrictions did not allow for in-person meetings. This
impacted on our ability to recruit using outpatient clinic lists and an extension to the
start of Phase 4/5 provided time to identify alternative recruitment processes and
resources to achieve this.

N[D|J
13[14]15 32/3334]35|36|37|38|39] 4041 42[43|a4]45

Planned timeline: PT3| phase 1
Actual timeline: UC-PT3-001| phase 1

Figure 7 Planned and actual timeline of pilot activities (PT3-001)

3.6 Phase 2: Testing of mock-ups and prototypes
3.6.1 Methodology of testing

The aim of Phase 2 was to validate the functionalities of technologies in UC-PT3-001
and their implementation plan, including the interaction with the users, based on the
feedback collected from participants. In addition, this research study also aimed to
collect data on new functionalities addressed to end-users needs. The outcome of this
research study provided technical partners with the opportunity to integrate user
feedback at an early stage of the technological development process.

During this phase, the eCare App and Dashboard, ROSA App and Dashboard and
related assisting technologies for UC-PT3-001 underwent a co-design and user-
testing process to validate the functionalities offered and their usability. Mock-ups of
the digital solution, its behaviour while the functionalities were in use and the vitals
measurement procedure were shown to participants:

Presentation of mock-ups
Validation was sought on the utility and usability of:

e Use of devices by older adults/caregivers;
e Use of SHAPES App by older adults/caregivers;
e Use of dashboards for monitoring by HCP;

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159

128 o

* X%

* %
* o %



-
Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report Version 1.0

SHAPES

e Process of registration of interventions by HCP.

In addition, the presentation allowed users to propose ideas for new functionalities.

Remote sessions were conducted with participants via video call. In the case of older
adults, personnel of CH were physically with them to establish the video-call
connection and provide a hard copy of material if requested. A PowerPoint
presentation was shown via screen share during which participants were presented
with brief background information about the SHAPES project and an overview of the
purpose and functionalities of the UC-PT3-001 use case technologies. Mock-ups
(images and text descriptions were inserted in the presentations) of functionalities
were then presented to participants. In the case of sessions with older adults, mock-
ups of the cell phone applications were also shown on paper in order to provide real
size pictures.

After each functionality, the SHAPES manager at CH asked participants questions
about the utility of the functionalities according to their needs in several scenarios.
These questions were a combination of open and closed questions designed to obtain
both general and specific feedback about the functionalities. Some closed questions
required an evaluation from 1 to 5 and others required the ranking of several options.
The PowerPoint presentation files are included in

This project has received funding from the European Union’s Horizon 2020 research
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Annex 32:

e Presentation for older adults and caregivers;
e Presentation for HCP.

After the presentation, participants were given a copy of the slides with the notes
taken by the personnel of CH. They were told to review the notes and send more
feedback, corrections or clarification if they had time to do so (contact details were
provided during the presentation). Further comments were requested to be sent
back within 15 days. The copy was electronic or physical, depending on what was
agreed and the contact details they wanted to share (email or address,
respectively).

The following number of sessions and time duration, was expected:

e Older adults: 1 session, 45min;
e HCP: 1 session, 2h.

Data collection and analysis

Notes were collected during the interview by personnel of CH. A report was developed,
which included a table with all questions and corresponding answers. Similar
guestions throughout the different types of users were grouped together. Other
comments and opinions collected at the interviews were presented after the table or
within a particular cell if the information was related to the question. Completed reports
and collated findings, including recommendations, were presented to technical
partners.

Participants
This research study was conducted in two different types of user groups:

e Older adults: 1) = 65 years’ old; 2) they are independent, although they may
receive caregiving some hours a day; 3) living at home (it could be in a
sheltered apartment); 4) have access to internet connection. At least 2 people
were expected to be recruited. In this group, informal/formal caregivers were
expected to accompany the older person if the latter were not expected to use
the mobile App. Caregivers could participate as App users in case older adults
couldn’t manage to use the App.

e HCP: professional to monitor patients through the dashboard and decide the
scheduling of visits or contacts. At least 1 person was expected to be recruited.

Identification of participants

This project has received funding from the European Union’s Horizon 2020 research
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Older adults

Eligible participants were identified within patients of CH.

HCP

Eligible participants were identified among personnel from CH.
Informed consent procedure

Eligible individuals were provided with a participant information sheet explaining the
background and purpose to the study and what they could expect to happen if they
agreed to participate.

e Older adults: participant information sheet for older adults;

e Caregivers: participant information sheet for caregivers;

e HCP: participant information sheet for HCP (see Annex 33 for all Phase 2
participant information sheets).

Those who agreed to take part were then given a consent form by personnel of Clinika
de Kay. Signed consent forms and contact details were provided to Clinika de Kay to
proceed with the study activities.

e Older people consent form;
e Caregivers consent form;
e HCP consent form (see Annex 34 for all Phase 2 participant consent forms).

Informed consent for all participants were taken with the following accepted forms of
signatures:

e Physical handwritten signature;
e An electronic representation of a handwritten signature.

The informed consent signed by participants was signed by the SHAPES manager at
CH to acknowledge receipt and a physical or electronic copy of the document was
provided to the participants by personnel of CH.

The consent process collected the following information:

e Name: in the consent form, for the purpose of identification of the accepted
consent.

e Email (optional): if the signed consent form was sent to CH by email, the same
email was used to return a countersigned copy. The email was kept as contact
information and was deleted for the purpose of this study when the results were
provided to the participant.
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e Address (optional): the participant may have provided a physical address to
receive the countersigned copy of the consent form. The address was kept as
contact information and was deleted for the purpose of this study when the
results were provided to the participant.

3.6.2 Results of testing

A feedback report from Phase 2 mock-up presentations including recommendations
developed for technical partners is provided in Annex 35. An overview is provided
below.

Phase 2 mock-up presentations with recruited participants (3 target users and 1 HCP)
were conducted between 28" April and 3 May 2021. Presentations were conducted
remotely via the Google Meet video conferencing platform. Notes were taken during
the session and shared, after removal of personal data, with partners.

Report overview

e Older adult (1 interviewee)
o Low e-literacy but they have a smartphone and they feel comfortable
with the options they use
Would not participate if it triggers anxiety
Too much information in App would be stressing
There should be no obligations
o “I'm not gonna use it if | feel bad that day”
e Caregiver informal (2 interviewees)
o Very interested in eCare App
o Informal caregiver didn’t like the idea of daily tasks and they proposed a
weekly frequency. However, professional caregiver did accept the idea
of daily tasks
e HCP (1 interviewee)
o Will check control panel first time in the morning, so interested in
warnings from the previous day
o Would be nice to have history of warnings available
o Scaling-up (not pilot): they would need someone in charge of the
monitoring
e All general conclusions
o App configurable to user expectations (show/hide on/off options)
o App adaptable to Android accessibility configuration (font size, zoom)
o HCP constant contact available in Control Panel development

o O O
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o Protocol for questionnaires and vitals that can be adapted to App user
and HCP needs
User triggers questionnaires when feeling bad
Button in chatbot to start questionnaires
Regarding vitals, HCP would prefer daily
HCP: “users will get tired answering daily questions after a few days”

o O O O

3.7 Phase 3: Hand-on Experiments
3.7.1 Methodology of hands-on experiments

Hands-on experiments were performed in Phase 3 of the SHAPES Pilot Campaign to
collect feedback from end-users and evaluate the performance of the digital solution
in the actual pilot setting. End-users were presented with prototypes of the digital
solutions that had been developed and improved during Phases 1 and 2.

Hands-on training
Phase 3 had the following goals:

e To collect feedback (user experience) from end-users by giving them the option
to try the digital solutions deployed in the use case PT3-001 in a close-to-final
version prototype.

e To train HCPs in the digital solutions they would be using in the use case.

e To collect feedback about the stability of the digital solutions and their
connections.

e To validate the display of weight, pulse oximeter and blood pressure
measurements on the eCare App and eCare dashboard.

Participants were invited to individual sessions with CH personnel to take part in the
hands-on experiments. Older adults and their caregivers participated together.
Sessions were conducted at:

e Older adults/caregivers: at their homes or at CH centre, as they wished.
e Health care professionals: at CH centre.

Participants

Phase 3 hands-on experiments were to be conducted with at least four target users of
the SHAPES App (i.e., either = 65 years’ old; diagnosis of heart failure; living at home
or a caregiver of an older adult with the same criteria). Gender equality was sought in
the group of older adults' participants.
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Phase 3 hands-on experiments were to be conducted with at least 1 HCP from CH.

Phase 3 hands-on experiments were also conducted with at least 1 staff member of
CH who was using the devices and App for 5 days in a manner close to the use case.

Identification of participants

Eligible participants were identified by CH within patients and personnel. Information
sheets were provided to participants (Annex 36).

Informed consent procedure

Informed consent (Annex 37) for all participants was taken with the following format of
signatures collected where appropriate:

e Typewritten;
e An electronic representation of a handwritten signature;
e Handwritten signature.

Procedure

For the older adults and/or caregivers, technologies were presented as a functioning
prototype with the eCare and ROSA digital solutions accessed via the SHAPES App,
as well as the models of blood pressure monitor (OMRON M7 Intelli), pulse oximeter
(Beurer PO60) and weight scale (OMRON VIVA) devices which were used in the use
case. The SHAPES project manager at CH guided the participant through a series of
steps and tasks to demonstrate the different functionalities of the App.

The App was accessed by participants via an internet-enabled mobile phone device
provided by CH. The devices were provided by CH. The HCP dashboards were
accessed by participants via an internet-enabled laptop computer provided by CH.

The steps and tasks included:
Demonstration to older adults and/or caregivers:

Accessing the prototype App

Logging into the SHAPES App

Navigating to different features from ‘Menu’

Navigating to ‘Menu’ from within the App

View and provide blood pressure, automatically and manually
View and provide heart rate, automatically and manually

View and provide oxygen saturation, automatically and manually
Activate chatbot questionnaires

Simulation of answering chatbot questionnaires

©o® N A~LWDNE
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The pace of the session was determined by the participant. After the demonstrations
the participant was encouraged to use the App and devices following the same points
in the demonstration, with the presenter still present and available to be asked
guestions and troubleshoot any issues.

Demonstration to HCP:

1. Accessing the prototype eCare and ROSA dashboard
2. Navigation through dashboard simulating a daily monitoring task

After the demonstrations the participant was encouraged to use the dashboard
following the points in the demonstration, with the presenter still present and available
to be asked questions and troubleshoot any issues.

In the case of the personnel of CH who used the App for 5 days:

1. Taking vitals once a day. Registering data on photo/video directly from the
device

2. Answering questionnaire on chatbot once a day

Answering other questionnaires once during the period

4. Comparing data directly from the device with the ones displayed on the eCare
App and eCare dashboard

w

Feedback about the App was then collected as detailed below.
Collection of feedback
Older people, caregivers and health care professionals

In the sessions, feedback was collected at different time-points during Phase 3 using
a number of different methods.

A concurrent ‘think out loud’ approach was used to collect reactions to the app and
identify any areas that required particular attention during the demonstration of the
app and user hands-on experience. Participants were encouraged to verbalise their
reactions, thoughts, feelings, and opinions about the prototype throughout their
engagement with the presenter. Notes were taken by the presenter. Video recordings
were taken when the user was interacting with the App, dashboard or devices, and
only when the participant explicitly accepted this in the consent form.

After the hands-on experience, participants were asked to complete the UEQ-S (2) to
collect quantitative data about the impression of the participants about user
experience. The UEQ-S assesses six aspects of user experience (attractiveness,
perspicuity, efficiency, dependability, stimulation and novelty). There are 26 items and
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respondents mark on a seven-stage scale between two terms in each item (e.g.,
attractive o o o o o o o unattractive).

At the end of the session, participants were interviewed by the researcher to collect
the participant’s experience using the prototype. An interview schedule / topic guide
was followed during the interview but the researcher may have also referred at times
to conversations and topics raised during the sessions. Semi-structured questions
(Annex 38) explored users’ general feedback about the App including:

e Ease of use;

e Design;

o Utility;

e Gender equality;

e Quality of hands-on experience;
e Overall satisfaction.

Tester for 5 days

Participant reported values obtained with the devices with photos or videos, general
comments about their daily use of the devices and any incidents that occurred during
the testing period.

Data analysis

Results of the UEQ-S (2) were compared against published benchmark data and
findings reported alongside interview data in a feedback report. No identifiable
information was recorded on the feedback reports.

A completed report, including practical recommendations, was presented to and
discussed with technical partners.

3.7.2 Results of the hands-on experiments
Older adults / caregivers

Four target users were recruited for the hand-on training sessions, representing older
adults with ages between 76 and 91 years old (75% female) with heart failure at stages
2-3. In one case, the caregiver was the App user (family, co-habiting, female).

Table 35 lists other comments coming from different participants and referring to
particular aspects of the different Digital Solutions.

Table 35: Feedback from older people/caregivers while using the digital solutions (PT3-001).
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Digital Comment
Solution
SHAPES App Font size of input data a little small (font size 2 in Android Galaxy
6+).
Email is long, and 2 participants did not know where the ‘@’ was.
eCare App Titles in menu at the bottom are not complete.

02 data sync shows an error message before synchronising. O2
sync failed once without a reason.
In the tests (formulated as “try to see your XX data for the last
week”; were XX was blood pressure or O2 saturation), participants
managed to navigate the right statistics (Mean values of
Today/Week/Month).
In the tests (formulated as “try to see
your XX data for the last week”; were
XX was blood pressure or 02
saturation), 2 participants found
difficult to go the chart. 1 participant
went to the first chart (Today, without
realising they could change to Week)
and another tried to tap on the ‘Mean
value’, instead of the ‘yellow chart’.
ROSA 2 participants said the font size was small (font size 2 in Android
Galaxy 6+).
No participants were familiar with the idea of a chatbot and had to
be explained that it was like WhatsApp but having on the other side
a machine.
All participants could follow the questionnaires, with just little help
(see below).
3 participants were confused with questions of the following type:
‘Have you xxx and CH is not aware of?’; being xxx anything.
1 participant did not understand correctly the medical meaning of
palpitations (if they feel anything on the chest, they would answer
‘yes’).
When the questionnaire was finished,
100% of participants were not sure if
they had to do anything else; 1
participant tried to answer the
previous question again.
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Digital Comment

Solution
2 participants tried to answer the \
same question twice. They did not '
realise there was a new question
below.

100% of participants preferred to select the questionnaire in the
menu, instead of telling ROSA through the chat (‘| want to do the
daily questionnaire”).

Interview

Table 36: Summary of the interviews that took place after the hands-on training session with older person/caregiver
(PT3-001).

Topic/Theme Opinions and researcher’s comments

Ease of use The participants found the Apps easy to use, but they were not sure
if they will remember everything. They thought they will need a few
days to know if they can adapt to the system.

The participants found the Apps intuitive. Two participants said that
the concept of talking to a chatbot was strange.

The devices are easy to use. The BP monitor and scale are familiar
to them. Two participants were familiar to pulse oximeters.

Connectivity of devices to App (tested with pulse oximeter) was
easy, but participants were not sure if they will remember the
process. In one case the connectivity failed and the participant
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Topic/Theme

Opinions and researcher’s comments

Design

Utility

Gender
neutrality

Quality
training

This project has received funding from the European Union’s Horizon 2020 research
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thought they could not do it, but it was actually a failure of the
connection, as it worked the second time.

None of the participants found the use of the wrist band interesting.
One participant said they didn’t even like wearing watches. Another
participant expressed that he did not know what to do. The medical
doctor present in the interview intervened at this point of the
interview with two participants explaining the importance for the
professionals to know the number of steps. Participants indicated
agreement.

One participant was very concerned about their health and admitted
that they may not feel like using the Apps when feeling bad. Another
participant, who currently uses a blood pressure monitor, does not
take this measure on a daily basis and wondered if this was
necessary.

Participants liked the design of the Apps, although they didn’t
comment much about it. One participant said they liked the green
colours very much.

Two participants said that the font size in ROSA was small (size 2
in Android Galaxy A6+). When changed to size 3 in mobile settings,
they said it was OK.

Two participants said that some words in eCare were cut out.

Two participants showed interest in the curve or historic data. All
participants found it valuable that they could show the historic data
to professionals.

Participants thought that the digital solutions were useful for the
professionals. They expected that the professionals would be able
to manage their condition better. When discussing that the digital
solutions could be also a tool for them to control their disease, they
expressed that they will follow their medical doctor’s directions. They
will need guidelines to know what to do in some scenarios.

Virtual nurse icon was feminine. All participants found this to be
neutral.

Training was useful to have a first contact. They all thought that they
would need help when starting using the Apps and devices.

139 At



@@ Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report Version 1.0

SHAPES

Topic/Theme Opinions and researcher’s comments

Overall Three participants liked the App and imagined themselves using it.

satisfaction One participant liked the App but was not sure if they will be using it
as they were not usually feeling well. Two participants commented
that they would not use the App if it meant that they lost contact with
the medical professional. They said the App is OK but there are
many details that cannot be transferred through this system. For
example, they may feel well but still would like to talk to their doctor
about their concerns or doubts about the treatment (including for
other conditions).

All participants commented that other people of their age and with
heart failure may or may not use the App. They knew many people
who didn't use a smartphone (for example, 1 participant’s spouse).
In addition, they commented it may be a lot of work to take
measurements and answer questions on a daily basis, and that
people who feel bad are less prone to keep active. Caregivers can
be a valuable support on this.

The participants said they will use the App between 2 and 4 times a
week, because it is the frequency at which they are taking some of
the measurements today. The participants said they would use the
chatbot 1-2 times a week. They thought the answers would be the
same most of the times. They liked the idea of selecting the option
in the chatbot when they want to communicate anything.

UEQ-S gquestionnaire

Table 37: Results of the UEQ-S questionnaire filled by older people/caregivers (PT3-001).

Adjective pair Mean (SD)

Obstructive / Supportive 5.7 (2)

Complicated / Easy 6.1 (1.5)
Inefficient / Efficient 6.1 (1.5)
Confusing / Clear 6.7 (0.5)
Boring / Exciting 6.7 (0.5)
Not interesting / Interesting 6.1 (1.5)
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Adjective pair Mean (SD)

Conventional / Inventive 7.0 (0)
Usual / Leading edge 7.0 (0)

UEQ-S scored are marked on a scale of O to 7. Higher mean scores reflect a positive
user experience.

Healthcare professional

There was 1 participant, a medical doctor from CH. The participant was instructed to
navigate through the several features of ROSA and eCare dashboards. The
researcher explained the main purpose of each screen and the participant was invited
to verbally feedback what she understood from the displayed information.

ROSA dashboard
Home

The participant started testing the main home screen (Figure 8). Here, the number of
patients with values deviating from normal ranges (indicator) were mentioned. The
participant largely understood the different colours, the classification of colours and
could easily navigate through the options which provided a deployment of every single
indicator within a group. The participant got confused with the yellow indicators (least
severe). The participant was expecting a green indicator, that is, a colour displaying
the number of patients who have all values within normal ranges. As there was no
indicator which referred to this state, the participant assumed the least severe
indicator, the yellow, was displaying this. The participant also commented that we
should state that the indicators refer to heart failure as all the design has been
completed in this context. It could prevent misuse by professionals in a context where
different professionals may have access to the tool.
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Figure 8 Home screen in ROSA dashboard (PT3-001).

The participant was missing an option that leads to the actual data which triggers the
indicator.

Finally, the participant suggested that there was a need for information about the
timeframe defining the indicators, that is, if they are triggered with today’s data,
considering a time window or any other criteria.

Patient’s page

The participant commented that the data provided was complete and gave a detailed
view of patient state. A professional could see both a summary of the medical reports
relevant to heart failure and charts where the evolution of answers to ROSA’s
guestions could be easily checked.

The participant suggested some changes:

e The format of tables displaying information could be improved. There were
column misalignments.

e The information given under heart rhythm, atrial fibrillation and flutter should
indicate if the patient has had episodes of these types. They do not indicate
that they are suffering these symptoms/conditions at the moment of
visualisation.

e The participant suggested a format for providing lab test results at different
points of time. The participant also suggested that normal ranges were
displayed on the tables.

e The participant would appreciate seeing the date of the medical report next to
the values.

e The active indicators for a particular patient should be indicated at the top of
the page.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 b

142 -



-
Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report Version 1.0

SHAPES
Regarding charts, the participant liked the differentiation between blue (the answer
does not show any worsening of the patient’s health state within the domain of the
question) and red (the answer may indicate a worsening of patient’s health state). The
participant commented that the first 3 questions are the most important. In case they
were all blue, the participant will review the rest very quickly. The participant
commented that they would not check MARS questionnaires and assumed that they
are only gathered for statistics. To make the page clearer, we could hide MARS charts.

List of patients

The participant commented that healthcare professionals may not use this page very
often. They will probably go to a particular patient directly from the home page, where
there are links related to the indicator. However, as there was no green indicator (all
parameters within normal ranges) in the home page, this list was useful to quickly
check those patients with no indicators.

eCare dashboard

As a general comment, the participant would like to have a page where the definitions
of states were defined.

Dashboard

The participant commented that it was quick to view the latest vitals from participants.
However, the participants were unsure if all values came from the same day or were
taken on different days. Values in the table should perhaps be limited to a time window.

Other more specific comments were:

e gluc and T should be removed from this use case.

e An option to order by state would be appreciated.

e Participant would need clarification about the definition of late events and status
numbering.

Alerts

The participant said that this page was a good way to look quickly at the overall status
of the patients. It had the similar function as the ROSA home page. The participant
suggested that we could show information about the timeframe defining the states,
that is, if they were triggered with today’s data, latest data, considering a time window
or any other criteria.

Patients

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 { *

143 s



SHAPES

“ Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report Version 1.0

The participant commented that the function of this page looked similar to the
dashboard page. Thus, this page could be completed with the other information
appearing in the dashboard section (adding more columns).

Particular patient’s page

The participant understood the page and commented that the charts gave a clear view
of the change in vitals. The table on the right was empty. Some specific comments:

When clicking on details of latest values (boxes on the left), the menu on the
very left hand-side changes, which makes navigation confusing.

Title of blood pressure chart should be general if systolic and diastolic are
shown. In addition, each type has its maximum and minimum for normal ranges.
The participant would like to set up this value (for all patients and for particular
patients).

Thresholds for weight should be defined as increase/decrease of weight.
Thresholds for O2 and heart rate do not have medical sense.

Participant commented that the scale in some charts was too big (this was due
to out-of-range values; as it may happen during pilot —for example device used
in the wrong way- an option to remove values could be useful).

Today option does not change view of charts. Time frame was not highlighted
in the top selection menu.

Care Plan

The participant found the scheduling of frequency to be a bit confusing (further training
may be needed if this feature is to be used). An example was made with medication
(Figure 9):

v

The participant understood that duration, frequency and daily frequency
referred to medication, not to care plan

Duration could include an option to define a specific number of days

Daily frequency should describe every X hours, after lunch

Because of the last option, Notify at, the participant understood that it was done
once, or once daily, but the participant wasn’t sure.

tomate la pastilla diurética

+ Add

18:35:04 o
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Figure 9 eCare dashboard displaying the input and scheduling of medication (PT3-001)

Finally, the tick on Monitoring could not be removed (Figure 10).

Once per day

Once per day

Once per day

Once per day

Once per day

Once per day

Once per day

Figure 10 eCare dashboard displaying the parameters and frequency of monitoring (PT3-001)

The participant commented that in this use case, the options in the monitoring section
were the most useful and their definition was clear.

Whole process

The participant simulated the scenario of the daily task of checking the patients with
the digital solutions. The participant would use first ROSA and then eCare because it
was the usual procedure in professionals: first they talk with the patient to have a
general picture of their health state and after this they check vitals and other
parameters.

1.

This project has received funding from the European Union’s Horizon 2020 research

The participant first went to ROSA dashboard, home page. Red indicators to
be prioritised.

The participant clicked on quick view to check the patients and their related
indicator descriptions.

The participant used their clinical view to prioritise patients with the same colour
of alerts and then went to the patient’s page clicking on the patient’s code.

On the patient’s page, the participant looked at the medical history and lab tests
to have an image of the profile of the patient.

Then the participant scrolled down to the charts (chatbot answers) to check
what is red and may attract the participant’s attention in terms of what may go
wrong with the patient. The objective was to know what the acute problem could
be, to understand the alterations (that are leading the patient to have a sign in
the indicator) and whether there is any reason for contacting the patient. At 1
moment during the demonstration the participant said that the first 3 questions
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were more important, but during this test the participant commented that red
bars on the charts were guiding the analysis.

6. The participant commented that patients with missing data would be checked
every 2—-3 days (whether there is any technical issue or the patient has been
hospitalised).

7. The participant commented that patients with data to update would be checked
every week.

8. Then the participant went to eCare dashboard. The participant started in the
Alerts page and prioritised the red ones first.

9. Then the participant checked the evolution of the parameters to complete the
picture of the patient’s state to make a final decision regarding contacting the
patient.

During the process, the researcher noticed that there was no way that the professional
could go from patient’s page in eCare to the same patient’s page in ROSA, and vice
versa. The professional carried out 2 independent processes without being able to
focus on 1 single patient and all their collected data (chatbot + vitals).

Table 38: Summary of the interviews that took place after the hands-on training session with the health professional
(PT3-001).

Topic/Theme  Opinions and researcher’s comments

Ease of use The participant found the 2 dashboards easy to use. The
participant didn’t like the fact that there are 2 solutions to show the
profile of a patient. Changing from 1 platform to another makes
the process more complicated in terms of analysing the profile of
a single patient.

Design The participant found the design correct and very functional and
appreciated the colour system very much. The participant would
like to see an information page of the meaning of the colours.

Utility The participant had no current tool to collect these types of data
and saw the digital solution as an opportunity of organising
contacts with their patients in a more systematic and clinical way.

The participant was not sure about the profile of patients that could
be included in the pilot: “some people are always feeling bad”. In
this sense, vitals are more objective.

Gender The participant saw the dashboards neutral in terms of gender
neutrality equality.

Quality of Training was useful. More data would have useful to have the
training feeling of a real scenario.
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Topic/Theme  Opinions and researcher’s comments

Overall The dashboards are easy to follow by a HCP. Most important is

satisfaction that out-of-range values are clearly marked, as they were with red
bars in chatbot’'s questionnaires and threshold lines in vitals.
Professionals who visit their patients on a regular basis and
therefore, know them, would like to change thresholds to
personalise analysis. For training new personnel, and also for
refreshing information when required, an info page where alerts
are described would be appreciated. Being able to modify alert
definitions would help further personalise the tools.

UEQ-S questionnaire

Table 39: Results of the UEQ-S questionnaire filled by health care professional (n=1) (PT3-001)

Adjective pair Score

Obstructive / Supportive 6
Complicated / Easy 6
Inefficient / Efficient 6
Confusing / Clear 5
Boring / Exciting 5
Not interesting / Interesting 6
Conventional / Inventive 5
Usual / Leading edge 5

UEQ-S scored are marked on a scale of 0 to 7. Higher mean scores reflect a positive
user experience.

Tester

The SHAPES project manager from CH was testing the App and devices from
November 15" to November 215t, 2021.

Devices — eCare
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A simple testing was performed in order to validate the transfer of data from devices
to the eCare Platform. Ten measurements were taken with the blood pressure monitor,
11 with the weight scale and 10 with the pulse oximeter. Data provided on the display
of the devices was recorded on photos or videos. The wristband was not used in the
experiment because Mi Band 3 was not available at the time. In addition to small
differences between the time of the photo/video and the 1 registered in eCare (due to
the time lapse between the measurement and the taking of the picture), and the fact
that times are registered in Portuguese time, there was only 1 measure that did not
match: on the 15" of November at 8:35 am, a picture taken from the pulse oximeter
shows a value of 96 (O2 saturation) while the value registered in eCare is 88. The
technical team investigated this disagreement.

The tester would like to comment that values obtained depended on several aspects
(for example, position of arm while using the blood pressure monitor). Although the
right procedure was known, the fact that these devices are to be used by older adults
or their caregivers at home, reinforcement of good practices is recommended.

Chatbot

The tester activated the follow up questionnaire on a daily basis as well as adherence,
hospitalisation, medication change, lab test and medical appointment questionnaires
twice during the testing period. In this case, correct recording of answers could not be
tested, as this technical point was still under implementation. All conversations worked
as expected.

3.7.3 Conclusions

After the end of Phase 3, feedback collected from participants was analysed and a
detailed report was developed by the research team at CH. Then, it was shared and
discussed with the technical team to implement the feasible suggestions made by
users.

Older adults

Users managed well most times when navigating through the Apps (eCare and
ROSA), although they were constantly guided (except unless it was strictly necessary
during the exercises). They usually felt insecure and constantly expressed that they
did not know if they would be able to do it alone. In addition to proper training, based
on the hand-on training experiences, CH recommended that: 1) well-designed, step-
by-step, picture-based material to be given to participants, so they can use it as
reference; in addition, a reference contact person during the pilot should be available
for any technical issue or barrier; the idea is that older adults do not feel overwhelmed
by technical barriers; 2) finally, active strategies from the pilot site use case
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management team should be taken with the same objective, for example run-in
periods and follow-up contacts during the first days/week of the pilot.

Another comment from older adults was that they did not know if they would use the
App and the devices when they feel bad, as their situation was frustrating sometimes
and they would lose motivation. The participants did not like the idea of wearing the
wristband. One participant could not use the weight scale and another participant
would not be able to use the scale on a daily basis (only when the caregiver was at
home). It is important to consider real scenarios to design a digital solution which can
cover a wider section of the population. The retrospective analysis should also
consider this and design proper methodologies for data gap filling or the definition of
assumptions if necessary.

All participants liked the idea that there was a medical doctor checking the values and
answers on a daily basis. All of them admitted they would look at the latest values (one
liked the history chart but did not know if it was going to be useful).

Healthcare professionals

The participant found the tools intuitive and did not need much guidance to navigate
through the dashboards. The 2 main comments were that 1) they would like to see the
number of patients with all values within the normal range (already in eCare but not in
ROSA) and 2) even though some data was to be collected once during the pilot, the
date should be displayed, as there will be a history in any future deployment.
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3.8 Phase 4: Small Scale Live Demonstration

A small-scale live demonstration of the SHAPES Platform and digital solutions being
deployed in the Pilot theme 3 Use Case 001 (UC-PT3-001) was undertaken during
Phase 4 of the SHAPES pan-European pilot campaign at CH. Phase 4 aimed to test
the functionality of the App and the dashboards together with the clinical devices in a
real-world environment. The demonstration tested the methods and procedures that
were to be used in Phase 5. The digital solution was tested in a real-world environment
and facilitated the identification of technical issues that would interfere with the smooth
functionality of the technology. The main goal was to determine whether any
amendments were needed before proceeding to the large-scale pilot (Phase 5). To
test the complete data flow, we created a collaborating tool between all technical
partners and the pilot leader, where tests were documented.

Phase 4 also tested the strategy to recruit participants for Phase 5. This assessed the
ability of the research team to identify the correct cohort of participants and intended
to indicate whether, or not, changes to the eligibility criteria or approach to recruitment
were needed.

3.8.1 Recruitment of participants
The recruitment was performed among the patients and medical doctors at CH.

e Older adults:
o Inclusion criteria:
= Older adults 60 years old or above;
= Heart failure diagnosis at stage 2-3 (NYAH functional
classification)
= Living at home or in sheltered apartments
= Accepts to wear the activity wristband 24h
= Accepts to use (with the help of the caregiver if necessary) the
provided devices at least once every two days, and preferably
once a day
= Self-reported consent capacity
o Exclusion criteria:
= No consent capacity
e App user (who could be older adults or caregivers):
o Inclusion criteria:
= Self-reported confident user of smartphone
= Has stable self-reported Wi-Fi connection at home, at the home
of the older person or has a mobile data plan
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= Has access to android smartphone, with android version greater
or equal to 6
= Accepts to answer follow-up questionnaires at least once every 2
days
= Has the consent from the older adult (if app user is the caregiver)
to use the App on their behalf
= Provides self-reported capacity to consent
o Exclusion criteria:
* No consent capacity
e Healthcare professional:
o Inclusion criteria:
»= Medical doctor from CH
= Accepts to use the digital solution to monitor patients once a day
= Self-reported consent capacity
o Exclusion criteria:
* No consent capacity

It was recommended to be monitored with at least 2 of the following devices (by
Medical Director of CH):

e Blood pressure monitor;
e Pulse oximeter,
e Weight scale.

People with the following conditions cannot use the scale (this unit could cause these
devices to malfunction, posing a considerable health risk to users):

(1) Medical electronic implants such as pacemakers;
(2) Electronic life support systems such as artificial heart/lung;
(3) Portable electronic medical devices such as an electrocardiograph.

There was the option for caregivers to join the study as users of the App but this was
not the case in Phase 4.

Sample size

The target sample size for Phase 4 was 4-5 target users and 1 medical doctor but just
2 target users and 1 medical doctor were recruited.

Duration of the pilot

The target duration of Phase 4 was 1-2 weeks depending on adaptation and
acceptance by app/device users. At the end, Phase 4 had a 1-week duration because
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this time was enough to complete all technical checks and collect complete feedback
from participants. Phase 4 started on the 3 of August 2022 until the 11™ of August
2022.

Method

Recruitment of older adults and caregivers

No financial incentives were provided for participating in this pilot.

Screening: Members of the direct care team at CH screened their patient lists for
potentially eligible participants.

Invitation: The first communication about the pilot was from the direct care team in
routine home visits.

Information sheets: Information sheets (
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Annex 39) were provided to potentially eligible participants that showed interest and
then we waited 24 hours to allow time to consider the information provided before
consent was obtained.

Consent to contact: Verbal consent to be contacted was provided by 2 potential
participants to their direct care team to allow the use of their registered contact data
at the clinic for reasons regarding the pilot. This was documented by the direct care
team. Then, the research team contacted the potential participant by phone and both
answered the first time.

Eligibility confirmation: Eligibility of both participants was confirmed by the direct care
team in person.

Consent: Participants were required to provide written consent (Annex 40), which was
obtained handwritten and in-person by the research team. The SHAPES project
manager at CH countersigned the informed consent and delivered a copy to
participants as acknowledgment of reception.

Methods: Recruitment of HCP
No financial incentives were provided for participating in this pilot.

Screening: The management team at CH identified a list of appropriate medical
doctors within employees and regular collaborators.

Invitation: The management team at CH sent an invitation email containing information
about SHAPES and the pilot.

Information sheet: If the request was accepted by one medical doctor, the information
sheet (Annex 41) was provided.

Consent: Informed consent for the medical doctor participant was obtained
handwritten and in-person (Annex 42). The SHAPES project manager at CH
countersigned the informed consent and delivered a copy to the participant as
acknowledgment of reception.

3.8.2 Technical aspects & Logistics
Validations

Several experiments were designed and carried out before the pilot with participants
to validate necessary aspects of the digital solutions:
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e Transfer of data between devices and digital solutions databases (and
visualisation on respective interfaces).
e Proper visualisation of data (colouring and classification) based on rules
defined by CH.

Devices

Devices were provided to target users. Personnel of CH brought them to user’s homes.
In addition to the wristband Xiaomi Mi 3, each participant was provided with the
following medical devices:

e Blood pressure monitor (OMRON M7 Intelli);
e Pulse oximeter (Beurer PO60);
e Weight scale (OMRON VIVA).

Table 40 Xiaomi Mi Band 3 specifications (PT3-001)

Short Name Xiaomi Mi Band 3

Link to tech Mi Band 3 Specs | Xiaomi UK - Xiaomi UK
specifications

Picture

Summary Fitness tracker suitable for health and wellbeing monitoring.

description
e Fancy design

e Robust

e Comfortable

e Water resistant

e Pedometer (number of steps; distance; calories burned)

e Activity tracker

e Heart rate monitoring (as low as every 2 minutes)

e Sleep quality monitoring (light and deep sleep; total sleep
hours)
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Short Name Xiaomi Mi Band 3

e Long-life battery (30-60 days)
¢ Reliable measurements
e Cost efficient

Connectivity  Bluetooth

&

Interoperabilit eCare App
y features

Price 30-50 €
(approx.)

Table 41 OMRON M7 Intelli IT blood pressure monitor specifications (PT3-001)

Short Name OMRON M7 Intelli IT blood pressure monitor

Link to tech https://www.omron-healthcare.pt/en/blood-pressure-
specification monitors/M7_Intelli_IT.html#start=1
S

Picture

Summary Blood pressure monitor
description
e Comfortable

e Stores up to 60 readings

e Precise measurements

e Alerts to irregular heartbeats
e Hypertension indicator

Connectivity  Bluetooth
&

Interoperabili eCare App
ty features
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Short Name

OMRON M7 Intelli IT blood pressure monitor

Price
(approx.)

60-65 €

Table 42 Beurer PO 60 Bluetooth® pulse oximeter specifications (PT3-001)

Short Name Beurer PO 60 Bluetooth® pulse oximeter

Link to tech

Picture

Summary
description

https://www.beurer.com/web/gb/products/medical/ecg-and-pulse-

specifications oximeter/pulse-oximeter/po-60-bluetooth.php

Product designation
Connect

Available views
Battery-operated
Batteries

Beurer Connect
Colour display
Graphic pulse display
Compatible from
Medical device
Memory spaces

Transfer with

—
410

Pulse oximeter

yes

4

yes

2 x 1.5 V AAA batteries
yes

yes

yes

iOS 10.0 and Android 5.0 by Bluetooth® 4.0
yes
100

Bluetooth® low energy technology
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Short Name Beurer PO 60 Bluetooth® pulse oximeter

Connectivity  Bluetooth
&

Interoperabilit

y features

Price 70-100 €
(approx.)

Table 43 OMRON VIVA Smart Scale Specifications (PT3-001)

Short Name OMRON VIVA Smart Scale

Link to tech https://www.omron-healthcare.pt/en/category/digital-scales
specifications

Picture

Summary Smart scale
description
e Body Weight
e Body Fat (in %)
e Visceral Fat (up to 30 levels)
e Skeletal Muscle (in %)
e Basal Metabolic Rate / Resting Metabolism (in kcal)
e Body Mass Index (BMI)

Connectivity  Bluetooth
&

Interoperabilit eCare App
y features
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Short Name OMRON VIVA Smart Scale

Price 65-70 €
(approx.)

The SHAPES App was downloaded and installed by the user in the presence of the
SHAPES project manager at CH on the first day of the pilot. The same day, the project
manager set up devices and paired them with the SHAPES App.

Training

App/device users were trained in the use of the SHAPES App on the first day of their
participation in the pilot. User manuals and troubleshooting info pages were provided
to the users for reference including the following information:

e Username (SHAPES ID);

e Password,

e Obijective of the study;

e Duration of the study;

e Material provided;

e Description of how to use the digital solution.

User manuals can be found in Annex 43

Users were called at day 2 and 4 to resolve any concerns or technical issues during
the course of Phase 4. Users were given the contact telephone number of the project
manager at CH and were encouraged to call in case of any issue.

3.8.3 Roles and Responsibilities

The pilot was carried out with users of CH as participants. CH personnel were in
charge of the set up and training process. The SHAPES project manager at CH was
the contact point for participants for any technical issues. All technical issues were
communicated to the technical team, led by VICOM, who took the appropriate actions
when required. No extra face-to-face visits were necessary during Phase 4, except
the first visit on day 1 to set up the technology and provide training and the last visit
on day 7 to uninstall the technology and collect feedback from participants.
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3.8.4 Ethical considerations

Approval of local committee (Comité d’Etica de la Investigacié de les llles Balears,
CE-IB) was obtained before the start of the recruitment process.

This includes approval of:

e Information sheet for participants;
e Consent form;
e Study protocol.

Data Protection Impact Assessment and Data Processing Agreements were finished
before the start of the recruitment of participants (including data risk assessment).

In this study, CH was the data controller and as such had access to the full dataset,
and technical partners were data processors. Data Processing Agreements were put
in place to facilitate the sharing of pseudonymised data with specific SHAPES partners
for specific purposes.

Ethical self-assessment was rechecked before sending the final protocol to local ethics
committee.

Trustworthy Artificial Intelligence assessment list was also checked before the start of
the recruitment process.

3.8.5 Outcome of the Small-Scale Live Demonstration

During the recruiting process some personal data to check eligibility of participants
was collected. Then, the first day of Phase 4, on the training day, the following data
was collected from participants, which is required to run the HFPred:

e ECFScBS (12);
e Barthel (10);
e Gijon (11);

The small-scale live demonstration took place in August 2023 and lasted one week.
The outcomes and how each of them was analysed are presented in Table 44.

Table 44 Phase 4 outcomes and analysis (PT3-001)
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Outcome Measurement Instrument |
App performance  Technical information about App Log internal files
performance, reception of data from and correct receipt
devices, ROSA questionnaires and of data.
HF pred.
Adverse events Question about the occurrence of any Errors reported.
and technical adverse event or system errors.
iIssues
Trust and Scale Score TAM (9)
technology
acceptance
Self-perceived Scale Score SUS (8), UEQ-S (2)
usability
User engagement  Internal check of number of log ins Time stamp and
per user per day and feedback number of log ins.
collected at the end of the phase. Notes taken at an
unstructured
interview.
Participants' The perception of the digital solution  Open interview
perception and its purpose of increasing
adherence to treatment.

3.8.6. Results of the Small-Scale Live Demonstration

Participants were asked to use the application (older adults) / dashboard (medical
doctor) ideally daily and to test its functionalities to provide feedback, paying special
attention to the technical performance of the digital solution.

At the end of Phase 4, feedback was collected in the form of questionnaires and
interviews, which is summarised in the following tables.

Participants: older adults

Table 45 summarises the feedback from older adults regarding technical aspects. The
opinions of participant 1 (P1) and participant 2 (P2) are shown hereafter.

Table 45 Feedback from older adults about functionality and technical aspects during Phase 4 (PT3-001)

Digital Older adults’ comments about functionality
Solution
and technical aspects
SHAPES e P1: “Password is too complex to type, and | don’t know
Front-end where to find symbol $ in my keyboard.”
App
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Digital
Solution

Older adults’ comments about functionality

eCare App

ROSA

and technical aspects

P2: “I cannot visualise whether | entered password
correctly.”

P1: “Information about activity band is not transferred
immediately.”

P2: “I forget the steps to register the vital signs from
devices”.

P2: “Data from oxygen doesn’t always get registered in the

App”.
P1/P2: “| don’t know how to check push notification; |
didn’t realise the App had sent me”.

Table 46 summarises the feedback from older adults regarding specific aspects of the

App.

Table 46 Feedback from older adults about general experience in different aspects during Phase 4 (PT3-001)

Topic Older adults’ comments

Ease of use

Design

Utility

Gender
neutrality

Quality
training

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 : x
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P1: “It is a little bit hard to remember all steps to use the
App and register the vital signs.”

P2: “Once you get used to the App and you know where
every function is, it is quite easy to use.”

P1/P2: “I like the colours and general aesthetics.”
P1: “Some features appeared cut or overlapped.”

P1: “I like the application because it is a good to control
your health.”

P2: “I like the application but when doesn’t work because |
cannot enter the password or because the data is not well
registered it is a bit frustrating.”

P1/P2: “Yes, the App is gender neutral.”

P1: “The training was nice and completed.”

P2: “ liked to have the training information in paper so |
could check the steps if | forget.”

P1: “l liked the idea of get a video of myself following all
the steps, this way | could refer to the video in case of any
doubt.”
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Topic Older adults’ comments

Overall e P1/P2: “Quite positive, | liked using the App.”
satisfaction e P1: “l like the App but including the improvements
proposed it would be much better.”

Table 47 shows the results of TAM and SUS questionnaires.

Table 47 Trust, acceptance and self-perceived usability of Phase 4 participants (older adults) (PT3-001)

Older adults TAM SUS
‘olderadultz 18 85

Older adult 2 19 92.5

Mean (SD) 18.5 (0.71) 87.5 (7.07)

The technology acceptance model (TAM) is scored out of a maximum of 21. The
System Usability Scale (SUS) is scored out of a maximum 100.

Table 48 and Figure 11 show the results of UEQ-S questionnaire from older adult
participants compared with benchmark data.

Table 48 UEQ-S for Phase 4 participants (older adults) in relation to existing values from a benchmark data set
(PT3-001)

Mean Comparison to Interpretation

benchmark

Pragmatic 50% of results better, 25% of results
. 1.13 Below average

Quality worse

Hedonic Quality 2.63 Excellent In the range of the 10% best results

Overall 1.88 Excellent In the range of the 10% best results
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Figure 11 UEQ-S graph for Phase 4 participants (older adults) (PT3-001)

Participants: HCP (medical doctor)

Table 49 summarises the feedback from the medical doctor regarding technical
aspects.

Table 49 Feedback from medical doctor about functionality and technical aspects in Phase 4 (PT3-001)

Digital Medical doctor’s comments about functionality and technical

Solution aspects

eCare e “Sometimes the adherence percentage (adherence of

Dashboard participants to their health plan) was not properly
calculated”.

ROSA e “Some data was not properly saved within the ROSA

Dashboard dashboard; this would need to be check.”

Table 50 summarises the feedback from the medical doctor regarding specific aspects
of the dashboards.

Table 50 Feedback from medical doctor about general experience in different aspects in Phase 4 (PT3-001)

Topic Medical doctor’'s comments

Ease of use e “Dashboards are very intuitive and easy to use.”
Design e ‘| like the design. Clean and clear.”
Utility e ‘It would be better to have both dashboards integrated

together to avoid professionals having to access two
different sites.”

Gender e “Yes, itis gender neutral.”
neutrality
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Topic Medical doctor’s comments

Quality of e “The training session was easy to follow, and | got the
training contact of the trainee in case | had any question;

however, this was not necessary.”
Overall e ‘| like it, it is a very useful to for remote monitoring of
satisfaction patients.”

Table 51 shows the results of TAM and SUS questionnaires.
Table 51 Trust, acceptance and self-perceived usability of Phase 4 participant (HCP) (PT3-001)
HCP TAM SUS

HCP 1 16 77.5

The technology acceptance model (TAM) is scored out of a maximum of 21. The
System Usability Scale (SUS) is scored out of a maximum 100.

Table 52 shows the results of UEQ-S questionnaire from the HCP participant.

Table 52 UEQ-S for Phase 4 participant (HCP) in relation to existing values from a benchmark data set (PT3-001)

Comparison to

Mean Interpretation

benchmark
Pragmatic 50% of results better, 25% of results
. 1 Below average
Quality worse
Hedonic Quality 2.25 Excellent In the range of the 10% best results
Overall 1.63 Excellent In the range of the 10% best results
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Figure 12 UEQ-S graph for Phase 4 participant (HCP) (PT3-001)

In general terms, the feedback collected was positive, however the older adult's
application was better rated than the health care professional’s dashboards due to the
low level of integration between eCare and ROSA dashboards. Analysing the results
of the UEQ-S questionnaire, we see that both older adults and health care
professionals think that pragmatic quality of the digital solution is worse than hedonic
quality.

Considering the feedback from Phase 4 participants, we list the following
recommendations:

General recommendations:

e Provide written material and audiovisual material representing the steps to use
the digital solution. In this case it was useful for participants to be recorded
during the training so after they could follow in their own steps.

For technical partners:

e To have the option of visualising the password while typing it to make sure it is
the correct one.

e To have the option of saving the password to avoid typing it every time
accessing the App.

e Improve the App responsiveness regarding the font size.

e Improve the Bluetooth connection between devices and App, especially with
respect to the oximeter performance.

¢ Improve the time needed for data transferring from activity band to App.

e Inthe future, full integration of the different components. Users had to download
3 Apps on their phones and although through the SHAPES App they had
access to all the three Apps (SHAPES Front-end app, eCare and ROSA). The
installation is not very user friendly.
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e Integration of eCare and ROSA dashboard to ensure a better user experience
of medical doctors and provide more efficiency.

e Calibration of adherence rates in the eCare Dashboard.

e Correct data storage and visualization in the ROSA Dashboard.

All these errors and / or suggestions were addressed and solved collectively by EDGE,
VICOM, TREE and CH to get the digital solution ready for Phase 5. The project
manager at CH prepared a detailed feedback report that was shared with technical
partners, was discussed and the technology updated based on these discussions. The
new version of the technology was then tested by the project manager at CH to ensure
the proper function of the new App version.
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3.9 Phase 5: Large-scale pilot activity

In Phase 5, a non-randomised, single-armed, cross-sectional interventional pilot study
with an optional qualitative interview component was conducted.

The pilot was conducted with service users and medical doctors in Mallorca, Spain
from Clinica Humana (CH). The pilot was managed by researchers from CH. The pilot
was not replicated by GEWI due to recruitment difficulties. This is explained in more
detail in the following section.

This study intended to test the hypothesis that the SHAPES Platform and Digital
Solutions (novel system) can provide opportunities for supporting the management of
the heart failure condition, by both older adults/caregivers and healthcare
professionals.

Objectives
Primary objectives (PO1-PO2)

e To investigate user engagement with the novel system (POL1).
e To investigate the user-perceived usefulness of the novel system (PO2).

Secondary objectives (SO1-S0O10)
The secondary objectives aim to investigate:

e The capability of the novel system to optimise the use of medicines in homes:
o Novel system triggers contacts between health professionals and
patients resulting in medication change (SO1);
o Improving adherence (SO2).

e The capability of the novel system to improve the management of conditions
(SO3).

e The identification of associations between precursor signs of deterioration and
unscheduled healthcare resource use (SO4).

e The use of Statistical Process Control (SPC) techniques to find associations
between blood pressure, weight, heart rate and O2 saturation and unscheduled
healthcare resource use (SO5).

e The association of the VICOM'’s heart failure decompensation prediction score
with unscheduled healthcare resource use, particularly hospitalisations (SO6).

e The association of the first (active / sedentary behaviour) and second level
(active in activities of daily living / intermediate activity / exercise) of physical
activity classification and sleep quality analysis with unscheduled healthcare
resource use (SO7).
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e The capability of the novel system to improve older individual’s quality of life,
wellbeing and psychological and psychosocial aspects (SO8).

e The integration of the novel system to align with current care pathways (SO9).

e The user trust and acceptance of the novel system (SO10).

Tertiary objectives (TO1-T06)

The following objectives align with the general purposes of the SHAPES large-scale
piloting campaign. The tertiary objectives aim to validate the capability of the SHAPES
Platform and Digital Solutions to:

e Support and extend healthy and independent living for older individuals who
are facing permanently or temporarily reduced functionality and capabilities
(TO1).

e Improve the older individuals’ health outcomes and quality of life (TO2).

e Gain the older individuals’ trust and acceptance (TO3).

e (Gain the care professionals’ trust and acceptance (TO4).

e Contribute for the reduction of the workload of medical professionals (TO5).

e Deliver efficiency gains in health and care delivery across Europe (TO6).

3.9.1 Recruitment (Clinica Humana)

The recruitment was performed among patients and medical doctors from CH.
Sample size

The pilot aimed to recruit 10 participants (older adults/caregivers) and 1 health care
professional at the CH lead pilot site and 10 participants (older adults/caregivers) and
1 healthcare professional at the GEWI replicating site. These sample sizes were
selected pragmatically to be as representative as possible of the target population,
large enough to provide valid answers and within the scope of resources available. In
CH, 9 older adults and 1 healthcare professional were recruited. As mentioned, GEWI
did not replicate this use case.

Duration of the pilot

The target duration of Phase 5 was 3 months, which was achieved, being performed
between November 2022 and January 2023 (both months inclusive).
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Methods
Recruitment of older adults and caregivers
No financial incentives were provided for participating in this pilot.

Screening: Members of the direct care team at CH screened their patient lists for
potentially eligible participants.

Invitation: The first communication about the pilot was from the direct care team in
routine home visits.

Information sheets: Information sheets Annex 44 UC-PT3-001 Phase 5 Participant
information sheets (older people and caregivers; Healthcare professionals)were
provided to potentially eligible participants that showed interest and then we waited 24
hours to allow time to consider the information provided before consent was obtained.

Consent to contact: Verbal consent to be contacted was provided by potential
participants to their direct care team to allow the use of their registered contact data
at the clinic for reasons regarding the pilot. This was documented by the direct care
team. Then, the research team contacted the potential participant by phone and both
answered the first time.

Eligibility confirmation: Eligibility of both participants was confirmed by the direct care
team in person.

Consent: Participants were required to provide written consent (Annex 45 UC-PT3-
001 Phase 5 Participant consent forms (older people and caregivers; Healthcare
professionals), which was obtained handwritten and in-person by the research team.
The SHAPES project manager at CH countersigned the informed consent and
delivered a copy to participants as acknowledgment of reception.

Recruitment of healthcare professionals

The HCP participating in Phase 5 was the same one that had participated in Phase 4.
The same procedure was followed, information sheet was provided (Annex 44) and
informed consent was obtained (Annex 45). No financial incentives were provided for
participating in this pilot.

3.9.1.1 Eligibility criteria

e Older adults:
o Inclusion criteria:
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= Older adults 60 years old or above;
= Heart failure diagnosis at stage 2-3 (NYAH functional
classification)
= Living at home or in sheltered apartments
= Accepts to wear the activity wristband 24h
= Accepts to use (with the help of the caregiver if necessary) the
provided devices at least once every two days, and preferably
once a day
= Self-reported consent capacity
o Exclusion criteria:
= No consent capacity
e App user (who could be older adults or caregivers):
o Inclusion criteria:
= Self-reported confident user of smartphone
= Has stable self-reported WIFI connection at home, at the home of
the older person or has a mobile data plan
= Has access to android smartphone, with android version greater
or equal to 6
= Accepts to answer follow-up questionnaires at least once every 2
days
= Has the consent from the older adult (if App user is the caregiver)
to use the App on their behalf
= Provides self-reported capacity to consent
o Exclusion criteria:
= No consent capacity
e Healthcare professional:
o Inclusion criteria:
= Medical doctor from CH
= Accepts to use the digital solution to monitor patients once a day
= Self-reported consent capacity
o Exclusion criteria:
= No consent capacity

It was recommended to be monitored with at least 2 of the following devices (by
Medical Director of CH):

e Blood pressure monitor;
e Pulse oximeter,
e Weight scale

People with the following conditions cannot use the scale (This unit could cause these
devices to malfunction, posing a considerable health risk to users):
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(1) Medical electronic implants such as pacemakers.
(2) Electronic life support systems such as artificial heart/lung.

(3) Portable electronic medical devices such as an electrocardiograph.

There was the option for caregivers to join the study as users of the App.

3.9.2 Recruitment (GEWI)

For the replication of UC-PT3-001, a GP was involved from the beginning to medically
supervise participants by regularly monitoring their health data and making contact if
needed. For the replication of UC-PT3-001, he and his team further supported the
recruitment process by identifying appropriate participants from their practice. As his
practice was located in the reference site, he was considered to have direct contact
with potential participants. Information material (flyer with a summary of key
information, information sheet and the informed consent sheet) was shared with the
GP to provide to interested participants in June 2022. As such, first contact was made
by the GP and further communication was conducted by the research team once
interested individuals agreed to be contacted.

During the recruitment process several challenges were encountered:

Due to a summer break, as well as the permanently difficult working conditions, it was
challenging for the practice team to incorporate the recruitment process into their
working practice. Contact was made by the researcher several times to support the
activities as much as possible. Another challenge referred to finding participants with
appropriate mobile devices during the pilot. Initially it was planned that participants
would use their own mobile devices (android) for accessing the DS. The digital solution
was limited to the android system, therefore, patients with other systems (Apple) could
not participate. This hindered the recruitment of participants as many older individuals
were using different systems (mostly Apple). To overcome this challenge,
supplementary android mobile devices were purchased to hand out to potential
participants. Despite these mitigation actions, it was not possible to recruit sufficient
participants via the GP for the pilot.

Subsequently, additional recruitment activities were conducted to draw attention to the
project towards the end of 2022. These included displaying articles in regional
newspapers and newsletters, using mailing lists and contacting relevant gatekeepers
(mainly doctors) from the network by applying face-to-face recruitment. Three different
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clinics specialised in the treatment of patients with heart failure were contacted to
involve them in the recruitment to the pilot as well as additional GPs.

The first clinic did not have the capacity to incorporate additional research activities
into their working processes. Two of the clinics were rehabilitation clinics, only treating
their patients for the time of their hospitalisation. Upon discharge, the patient’s
previous GP took over the treatment. Due to the legal situation in Germany, medical
doctors from the rehabilitation clinic were then no longer responsible and thus not
legally protected to complete any further pilot intervention. Since the UC was planned
for the home-setting, the involvement of clinic doctors for the monitoring of patients'
data was not possible. The specialisation of clinics further indicated that the origin of
their patients was not regionally limited therefore involving each patients’ previous
GPs in the replication wasn’t feasible.

For the third clinic, discussions were ongoing until the mid of May 2023. Again, due to
workload as well as the holiday situation, no approval from the person in charge was
able to be obtained.

This communication process was very time consuming and required great effort.
Despite the numerous attempts and mitigation activities, it was not feasible to replicate
the UC-PT3-001 in the German setting.

3.9.2.1 Eligibility criteria
Inclusion criteria:

e person aged 60 years old or older at the time of recruitment

e diagnosed with heart failure at stage 2—-3

¢ living in the Oberbergischer Kreis

e living on their own

o self-reported capacity (alone or with help) to use at least 2 devices among blood
pressure monitor, weight scale and pulse oximeter

e self-reported capacity to consent

e has daily access to internet

Exclusion criteria:

e none

3.9.3 Communication and dissemination of pilot activities

Any data that arose from the pilot study is owned by the sponsor, CH. On completion
of the study, all data were analysed and tabulated and used to prepare the final report,
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available as one of the agreed deliverables of the SHAPES Innovation Action —
Deliverable D6.4. This deliverable (and all other agreed deliverables) are available to
the public for review and accessible via the SHAPES website (www.shapes2020.eu).
Participants will be notified of the outcome of the study. CH will seek to disseminate
the findings from this study at conferences and in the scientific literature. As per the
SHAPES Publication Protocol, all publications arising from this study will reflect the
range of effort that has made them possible; including conceptualisation of the
research project and research task, methodology development, data collection and
analysis, interpretation and discussion of results; as well as project management. Any
publications will be read and meaningfully contributed to by all named authors. CH will
also seek to communicate the findings of this study via social media, and in other, non-
peer reviewed, media outlets. Participating SHAPES partners will have the rights to
use data from this study in their own analysis and dissemination plans through the
Data Processing Agreements that are in place to facilitate the sharing of
pseudonymised data with specific SHAPES partners for specific purposes.

3.9.4 Risk management
Risk assessment

All foreseeable data-related risks were compiled into detailed risk assessment
documents which formed part of the Data Protection Impact Assessments for Phase
5 PT3-001 conducted in CH. For each risk identified, a risk classification, root cause,
name and consequences were assigned. Once identified, each risk was then analysed
and attributed a score from 1 (unlikely/minor) to 4 (almost certain/critical) for probability
and impact. Subsequently, appropriate mitigation actions were assigned, and the
responsible person was identified. These risks were reviewed periodically during all
phases of the project.

Adverse incidents

It was very unlikely that any adverse incidents due to the use of the SHAPES App or
devices would occur in this pilot. However, if any participant reported an adverse
incident the participants were told to stop the participation in the pilot temporarily until
further notice. If medical assistance was required, it was covered by CH.

If the research team were notified of a product recall regarding the devices used in
this pilot the participant would be notified as soon as practicable and requested not to
use the device. Arrangements would be made to physically remove the device and
replace it if possible.

HCP did not have access to the data collected and participant treatment was not
changed due to taking part in this pilot. This was clearly noted in the participant
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information sheet. If participants were concerned in any way about the readings on
their devices, they were to follow their normal mechanisms for seeking healthcare.

Moreover, the CH team followed the ethical framework applied to the SHAPES project,
which is detailed in Section 7 of this deliverable.

Data management

Data processed in this pilot was subject to the GDPR (679/2016) and the Spanish
regulation (Ley Orgéanica (3/2018) about personal data protection and warranties on
digital rights, in agreement with GDPR.

CH was the data controller for all data collected during this pilot. The data flow for this
pilot was complex and as such multiple Data Processing Agreements were put in place
between the data controller (CH) and the data processors, each SHAPES partner who
processed this data.

Personal data minimisation and purpose limitation principles were followed so that this
pilot only processed data that was adequate, relevant and limited to what was
necessary to deliver the objectives of the pilot. Personal data was processed only for
these purposes and only personal data strictly necessary to the completion of this pilot
was retained.

The data collected for this pilot was contemporaneous and accurate. If a participant
withdrew from the study, clarification was sought as to what data may need to be
erased. This data would be identified and erased without delay. Personal data will be
de-identified at the end of the SHAPES Innovation Action (Oct 2023) and this
anonymous data may be used for further research if required. The de-identified data
set may be retained for a period of five years after October 2023 and then deleted.

The data for this pilot was stored securely. The location of each data point was listed
in the data plan for this pilot. Personal data was kept in a form which permitted
identification of data subjects until October 2023.

All data in this pilot is traceable using the pilot data plan. This meant that the research
team were able to identify the origin of the data, how it was processed, where it was
stored and if it had been transferred or disclosed to a third party.

Further details regarding personal data were described in the DPIA, Personal Data
Processing Descriptions document and DPIA risk assessment document for this pilot.
Additionally, a detailed description of all data (including but not limited to personal
data) collected is located in the data plan for this pilot.
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Every effort was made to reduce the potential for missing data, however, if missing
data occurred it was coded ‘999’ or if applicable, the missing data protocol for the
guestionnaire was followed.

The VICOM heart failure prediction algorithm required a number of data fields to be
completed each day to provide a decompensation risk. If a complete data set was not
obtained, data may be imputed. Imputed data was not saved or shared with partners
and only used for the validation and analysis of the predictor. VICOM predictor used
personal data of the use case for validation.

Regarding data duplication, the heart rate measurement could be collected by the
blood pressure monitor, the pulse oximeter and the wristband. Only the heart rate from
the blood pressure monitor was used for visualisation purposes and as input to
VICOM'’s heart failure prediction algorithm.

Ethical considerations

As explained in section 3.8.4 of this Deliverable, approval of local committee (Comite
d’Etica de la Investigacié de les llles Balears, CE-IB) was obtained before starting
recruitment of participants.

3.9.5 Outcome of large-scale pilot activity

The outcomes in relation to at least one primary objective (related objectives in
brackets) are the following:

e O1. Timestamps of login into the novel system (PO1).

e 0O2. Regarding the App, identification of pages seen (with access time, thus
allowing to construct the user's overall navigation history), page login
timestamp; page logout timestamp; measurement insertion timestamp;
identification if measurement is manual or automatic (PO1).

e 03. Timestamps of chatbot/questionnaires and initiator of action (App user or
chatbot) (PO1).

e 0O4. Technology Acceptance Model (TAM) questionnaire (PO2, SO10, TO3,
TOA4).

e O5. Short version of UEQ-S (PO2, SO10, TO3, TO4).

e 06. Notes taken at an unstructured interview at the end of the use of the novel
system (PO1, PO2).

The outcomes in relation to the secondary and tertiary objectives (related objectives
in brackets) are the following:
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O7. Eadon grading system for the interventions (when health professional
contacts patient) (SO1, SO2, SO3, S0O9, TO6). The following data to be
collected to describe the intervention: date, type (telephone/visit; doctor/nurse)
problem detected in intervention, result of intervention and grade of the
intervention which is assigned by HCP participant different from the one who
performed the indication.

08. Beliefs about BMQ (SO2).

09. MARS (S02).

010. Use of health care resources by older adults' participants: hospitalisation
dates, type of hospitalisation (hospital, home), hospitalisations due to heart
failure, use of other health resource types (A& E, emergency ambulance call-
outs, out of hours, general practitioner, nurse, specialist) and date (SO3, SO4,
SO05, SO6, TO5, TO6, HCP).

O11. Weight, O2 saturation, diastolic and systolic blood pressure and heart
rate, along with their timestamps (SO3, SO4, SO5, SO6, TO2, HCP).

012. Physical activity along with timestamp: accumulated steps per minute,
type of activity (1-25), heart rate (SO4, SO7).

013. Sleep parameters along with timestamp: sleep latency index, sleep
duration index, efficiency index, disturbance level index (SO4, SO7).

014. Chatbot questionnaires (SO3, SO4, SO6, TO2, HCP).

015. Risk Instrument for Screening in the Community (RISC) questionnaire
(S03, TO2).

016. Barthel questionnaire (SO4, SO6, HCP).

0O17. The European Heart Failure Self-Care Behaviour Scale (EHFsCBS)
guestionnaire (SO4, SO6, HCP).

018. Social risk — Escala de valoracién sociofamiliar de Gijon questionnaire
(S04, SO6, HCP).

019. Medical history data from patient’'s medical reports: height, gender
(male/female), left ventricular rejection fraction, heart rhythm (sinusal/no
sinusal), atrial fibrillation, flutter; device type (none/MCP/DAI/TRC/DAI-TRC),
type of heart disease, year of diagnosis of heart failure, heart failure stage
(NYAH functional classification and ACC/AHA structural anomaly)19,
conditions other than heart failure, year of diagnosis of other conditions,
smoking status (smoker/never  smoked/ex-smoker), claudication
pain(yes/no)(SO4, SO6, HCP).

020. Blood analysis from patient’'s medical reports: urea, creatinine, sodium,
potassium, haemoglobin, total cholesterol, LDL cholesterol, HDL cholesterol,
eGFR (S04, SO6, HCP).

021. Urine analysis from patient’s medical report: proteinuria. (SO4, HCP).
022. The following questionnaires: WHOQOL-BREF20, EQ-5D-5L21,
GSES22, OSSS-323, SHAPES patrticipation questions (1-1 participate enough
in activities that are important to me (1-5 scale); 2-Using this technology makes
participating in the activities that are important to me Much more difficult / A
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little more difficult / About the same / A little easier / Much easier) (SO8, TO1,
TO2).
e 023. SUS (S010, TO3, TO4).

Outcomes for technical reasons (including medical data which is visualised by
healthcare professional but not related to the objectives).

e 024. Pharmaceutical treatment (medicine name, strength, regime) (HCP).
e 025. Model, manufacturer and serial number of devices (technical).
e 026. Time of the day app user prefers to receive chatbot messages (technical).

In order to relate objectives to socio-demographics of App users (older adults /
caregivers):

e 027. Number of years of formal education; DOB; gender (male/female/other);
marital status (married/cohabiting/single-never
married/separated/divorced/widowed);  occupational status (full time
employment/part time employment/unemployed/retired); caregiver status (full
time/part time/no); help from family (never/rarely/sometimes/often);
professional help (never/rarely/sometimes/often), neighbourhood environment
(urban/rural); residence type (own home/caregiver's home/long-term care
facility/other); co-living with someone (yes/no); country.

e 028. SHAPES health literature measure (How confident are you filling out
medical forms by yourself?).

In order enable login process in the novel system:
e 029. User (non-identifiable) and password.

In order to contact participants (data only kept at CH):
e 030. Name, telephone number, address.

HCP class refers to outcomes that are necessary for the health professional’s role in
revising patient’s health through the dashboards in the novel system.

Table 53 summarises the outcomes of Phase 5 detailing who the outcome is
addressed to, how and when it is collected and the pilot objective that it refers to.
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Table 53 Outcomes collected in the pilot (PT3-001)

Code

01,
02,
03

04

05

06

o7

o8

09

010

011,
012,
013

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159

Outcome

Use of features in

novel systems

TAM

UEQ-S

Unstructured
interview

Eadon
system

BMQ

MARS

Use of health care

resources

Data from devices

grading

Addressed to

Novel
users

system

Novel
users

system

Novel
users

system

Novel
users

system

Older person

Older person

Older person

Older person

Older person
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Conducted
by

Automatic

Self-complete

Self-complete

Researcher

HCP-
Researcher

Self-complete

Researcher
(baseline) and
App user/self-

complete
(during  pilot
via app)

HCP

App user

(Automatic or
self-complete
via App)

B,EF

B, |

Version 1.0

Objective

PO1

PO2,
SO10,
TO3, TO4

PO2,
SO10,
TO3, TO4

PO1, PO2

SO1,
SO2,
SO3,
S0O9, TO6

SO2

SO2

SO3,
SO4,
SO5,
SO6,
TOS,
TO6, HCP

SO3,
SO4,
SO5,
SO6,
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Code Outcome Addressed to Conducted Colle Objective
by ction
time
SO7,
TO2, HCP
014 Chatbot Older person App user I SO3,
guestionnaires S04,
SO6,
TO2, HCP
015 RISC Older person HCP- B,E,F SO03,TO2
Researcher
016, Barthel, Older person Researcher B SO4,
017, EHFsCBS, Gijon S06, HCP
018
019, Medical history Older person HCP- B, | S04,
020, data and lab tests Researcher SO6, HCP
021 (baseline) /
HCP  (during
study)

022 WHOQOL-BREF, Older person Self-complete B, E,F SO8,
EQ-5D-5L, GSES, TO1, TO2
OSSS-3, SHAPES
Participation
Questionnaire

023 SuUS Novel system Self-complete E SO10,
users TO3, TO4
024 Pharmaceutical Older person Researcher B, | HCP
treatment (baseline) /
HCP  (during
study)
025 Device technical NA Researcher B, I Technical
data
026 Scheduling time Older person Researcher B,  Technical
for chatbot (baseline) /
questions HCP (during
study)
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Code Outcome Addressed to Conducted Colle Objective
by ction
time
027 Socio- Older person/  Researcher B Socio-
demographic data: Caregiver demograp
Number of years (App user) hic
of formal analysis

education; DOB;
gender; marital
status; country.

027, Socio- Older person/  Researcher B, E, Socio-
028 demographic data Caregiver F demograp
(App user) hic

Literature analysis
measure

029 User and Novel system  Self-complete B Login
password user

030 Contact details Novel system Researcher R Contact

user

‘Novel system user’ is any participant who uses any component of the technology
at any time, it might be older adults, caregivers or HCP. B: Baseline; I: During
intervention; E: At the end of the intervention; F: 3-month follow-up; R:
Recruitment; Self-complete questionnaires by older persons or caregivers are
always done with the support of a researcher.

The SHAPES Project Manager at CH visited older adults’ participants at their homes,
brought them the medical devices and wristband and helped them to download the
application and pair all devices. Participants received training and instruction on how
to use the App and devices. A user manual was also provided.

The SHAPES Project Manager at CH provided training and instructions on how to use
the Dashboards to the HCP participant in Phase 5. A user manual was also provided.

Participants were contacted via phone after a week of starting the intervention to see
if they needed any assistance. Thereafter the participants were encouraged to contact
the SHAPES project manager at CH if they had any technical difficulties. After the first
week, participants were contacted monthly to troubleshoot any issues that occurred.

This project has received funding from the European Union’s Horizon 2020 research
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This pilot examined the real-world use of the SHAPES App and associated clinical
devices therefore if participants did not enter data as requested in the pilot this was
not documented as a protocol deviation, rather this provided an insight into their use
of this digital solution.

3.9.6. Results of the large-scale pilot activities

Participants were asked to use the application (older adults / caregivers) / dashboards
(medical doctor) ideally daily to examine the real-world use of the SHAPES App and
paying special attention to the usability and user-perceived usefulness of the solution.

At the end of Phase 5, the SHAPES project manager at CH visited participants to
collect feedback, uninstall the application and collect devices (in case of App users).

The following tables summarise the results of Phase 5.

Table 54 Recruitment and retention of Phase 5 participants (PT3-001)

Recruitment and retention of older adult participants at CH

Screened prior to eligibility assessment

Excluded
‘l\lotm\/ingasnmrm(mel\lzlo‘
‘ Not having full capacity to consent N=6 ‘

Allocated to intervention N=9

Lost to follow-up N=0

Discontinued Intervention N=1

Reason(s)

Death N=1

Assessed for KPI 1 N=8

Assessed for KPI 2 N=8

Assessed for KPI 3 N=8

This project has received funding from the European Union’s Horizon 2020 research
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Recruitment and retention of older adult participants at CH

Assessed for KPI 4 N=8
Assessed for KPI 5 N=8
Assessed for KPI 6 N=8
Assessed for KP1 7 N=8

Table 55 Baseline characteristics of Phase 5 participants (PT3-001)

Variable Number of participants Value
'Age(years) 9 8.7 (6.84)
Male 9 5 (55.5%)
BMI (kg/m?2) 9 25.40 (5.06)
Heart failure 9 9 (100%)
Heart failure stage 9 2.22 (0.44)
LVEF (%) 0 )
Dyspnoea level 9 2.33 (0.67)
Diabetes 9 1(11.11%)
Type 1 diabetes 9 0 (0%)
Hypertension 9 6 (66.67%)
Smoking 9 0 (0%)
Values are mean (SD) or n (%)
LEVF= left ventricular ejection fraction

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 : x

182 ot



m Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report Version 1.0

SHAPES

Key performance indicators

Recruitment and retention

KPI 1 At least 80% of the target cohort were successfully recruited into the
pilot during the recruitment period

Table 56 Number and percentage of target participants recruited into Phase 5 (PT3-001)

' Target number of participants 10
Number of participants recruited 9
Percentage recruited 90%

KPI 2 At least 80% of recruited participants remained enrolled in the pilot until
the end of the study.

Table 57 Retention of participants (PT3-001)

Parameter Value
'Number of participants at baseline 9

Number of withdrawals 1

Number of participants at end of study 8

Percentage retained 88.9%

Technical performance

KPI1 3 There is no re-start of any components of the technology, except for the
blood pressure monitor, pulse oximeter or activity wristband, for at least
90% of the days

This KPIl was 100% accomplished as there were no re-start of any components of the
technology.

This project has received funding from the European Union’s Horizon 2020 research
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User engagement and acceptance

KPI1 4 The overall user experience quality of the App as measured using the
short version of the UEQ-S was classified as ‘Excellent’, ‘Good’ or
‘Above average’ based on published benchmark data.

Table 58 Mean and comparison to benchmark UEQ-S scores from older adults’ participants (PT3-001)

Scale Mean Comparison to benchmark

Pragmatic quality 1.53 Above average (25% of
results better; 50% of results
worse)

Hedonic quality 2.12 Excellent (In the range of the

10% best results)

Overall 1.83 Excellent (In the range of the
10% best results)

2,50
2,00
1,50 +—
M Excellent
1,00 +—— Good
Above Average
0,50 Below Average
M Bad
0,00 - # Mean
-0,50 -
-1,00 + T T
Pragmatic Quality Hedonic Quality Overall

Figure 13 Mean UEQ-S and benchmark scores for the usability of the app from older adults’ participants (PT3-001)
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KPI5 At least 60% of participants provided all measures from blood pressure,
02 saturation and heart rate at least 50% of the days.

Table 59 Percentage of participants who provided all required measures at least 50% of days’ during the pilot (PT3-

001)
Parameter Value
Total number of participants 8

Number of participants who provided all measures 4
for 50% of the days

Percentage of participants who provided all 50%
measures for 50% of the days

This KPI was not achieved because just 50% of participants provided all measures
at least 50% of the days. However, 4 participants had a very good engagement; one
of them provided all measures 52% of days, another one 74% of days and 2
participants provided measures 100% of days.

KPI 6 At least 60% of the older participants provided answers to setl/set2
guestions for 50% of the days

Table 60 Percentage of participants who provided answers to setl/set2 questions for 50% of days during the pilot
(PT3-001)

Parameter Value

Total number of participants 8

Number of participants who provided all measures 0
for 50% of the days

Percentage of participants who provided all 0%
measures for 50% of the days

KPI 6 was not achieved because no participants provided answers to set 1 and set 2
daily questions for 50% of the days.

For set 1 questions, which were questions related to wellbeing, 6 out of 8 participants
answered at least one day during the pilot and the % of responses of those participants
was 46.81% but the total % of responses considering the 8 participants was 26.01%.
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For set 2 questions, which are questions related to medication adherence, 4 out of 8
participants answered at least one day during the pilot and the % of responses of those
participants was 7.69% but the total % of responses considering the 8 participants was
only 2.56%.

When we asked participants about the reason why they didn’t answer the questions
on the daily basis, they said that, even if the questionnaires were useful to send
information to health professionals, the request to answer on daily basis was to
demanding and pointless if there were no changes in their medical condition.
Specially, they said that the adherence to medication is something that doesn’t change
on daily basis so they didn’t find it useful to answer this questionnaire every day.

KPI 7 At least 60% of participants scored an above average rating (>68) in the
SUS.

Table 61 Percentage of participants who scored the app an above average rating in the System Usability Scale
(PT3-001)

Parameter Value

Number of participants at end of pilot 8

Number of participants scoring >68in 7
SUS

Percentage of participants scoring > 87.5%
68 in SUS

KPI 8 At least 60% of healthcare professionals rated the technology as “Agree”
or “Strongly agree” when asked “Does the technology improve the
quality of your clinical practice?”

Table 62 Percentage of healthcare professionals who rated the technology as “Agree” or “Strongly agree” when
asked “Does the technology improve the quality of your clinical practice?” (PT3-001)

Parameter Value

Number of healthcare professional participants 1

Number of healthcare professional participants 1
rating “Agree” or “Strongly agree”

Percentage of healthcare professional participants 100%
rating “Agree” or “Strongly agree”
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Benefit of interventions

KPI1 9 Interventions by healthcare professionals are graded 4 (“Intervention is
significant and results in an improvement in the standard of care”) or
above as measured using the Eadon Scale in at least 30% of the records.

KPI 10 No intervention by healthcare professional was graded 1 (“Intervention
which is detrimental to the patient's well-being”).

One healthcare professional participated in UC-PT3-001 and all the medical
interventions made during the pilot were graded 4 or above using the Eadon scale
system. In total, 16 interventions were reported, 11 were graded 4 (68.75%), 4 were
graded 5 (25%) and 1 was graded 6 (6.25%).

Therefore, both KPI 9 and KPI 10 were achieved.

Overview of KPI achievement

Table 63 Overall achievement of KPIs (PT3-001)

Key Achieved during large-scale Comments

performance  pilot activity (yes/no)

indicator

KPI 1 Yes

KPI 2 Yes

KPI 3 Yes

KP1 4 Yes

KPI5 No The inability to achieve this KPI
reveals a lower engagement
level than expected.

KPI 6 No The inability to achieve this KPI
reveals a lower engagement
level than expected.

KPI 7 Yes

KPI1 8 Yes

KPI'9 Yes

KPI 10 Yes
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Evaluation of use case using MAST

Table 64 provides an overview of the evaluation of the PT3-001 use case using MAST.

Table 64 Completed evaluation of use case using MAST (PT3-001)

Domain Topic Outcome Baseline End of Mean
Mean pilot change
(SD) Mean (95% CI)
(SD)
Health Symptoms Use of health 24.00 16.00 -0.56
problem and and care resources (2.32) (2.09) (-1.79,
description  consequen (hospitalisation 0.68)
of the ces & s, A&E, GP,
application Burden of  nurse, out-of-
disease hours
contacts,
ambulance
calls)
Clinical Effects on Mortality rate - 0.11 -
Effectivenes mortality (deaths) (0.33)
> Physical Risk of 3.00 2.25 -0.25
health hospitalisation (0.53) (0.72) (-0.92,
(RISC score) 0.42)
Mental Psychosocial 82.62 82.67 0.11
health and (8.73) (8.54) (-0.59,
psychological 0.81)
wellbeing
(WHOQOL-
BREF)
Psychosocial 31.25 31.50 0.38
and (6.45) (6.32) (-0.10,
psychological 0.85)
wellbeing
(GSES)
Effects on Health related 85.00 85.00 0
health- quality of life (14.14) (14.14)
related (EQ-5D-5L
quality of scores)
life
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Domain Topic Outcome Baseline End of Mean
Mean pilot change
(SD) Mean (95% CI)
(SD)
Behaviour BMQ 23.25 23.50 0.86
al Necessity (1.04) (0.93) (0.12,
outcomes  Score 1.60)
BMQ 10.75 10.13 -0.5
Concerns (2.38) (2.10) (-1.16,
Score 0.16)
BMQ 12.50 13.38 0.88
differential (3.12) (2.67) (0.24,
score 1.51)
(Necessity —
Concerns)
Self-reported 24.13 24.88 0.75
adherence (1.13) (0.35) (-0.07,
(MARS 1.57)
scores)
Utilisation  Use of health 24.00 16.00 -0.56
of health care resources (1.32) (2.09) (-1.79,
services (hospitalisation 0.68)
s, A&E, GP,
nurse, out-of-
hours
contacts,
ambulance
calls)
Interventio Eadon scale - 4.38 -
n benefits (0.62)
Patient’s Satisfactio User - 1.83 -
perspective nand experience (0.72)
acceptanc (UEQ-S
e scores)
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Domain Topic Outcome Baseline End of Mean
Mean pilot change
(SD) Mean (95% CI)
(SD)
User - 16.63 -
experience (2.72)

(TAM score)

Understan  Usability of - 73.73 -
ding of application (12.5)
information (SUS score)
Confidenc
e (in the
treatment)
Ability to
use the
application
Access &
Accessibilit
y
Empower  Number of Not assessed- this data was not
ment logins reliable as some participants would
choose not to log-out.
Self-
efficacy Visited pages  Not assessed- this was not
+ time in considered relevant as users had a
pages guided routine to follow.
User 55% of days
engagement (0.34)
(% days
participant
entered all
vitals in the
Front-end App)
Economic Amount Cost of e Body weight scale OMRON
aspects and cost of devices BODYFAT VIVA: €80.04 per unit
resources incl VAT; 9 units (€720.36)
used e Blood pressure monitor OMRON

TENSIOM BR M7 INT IT: €69.88
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Domain Topic Outcome Baseline End of Mean
Mean pilot change

(SD) Mean (95% CI)
(SD)

per unit incl VAT; 9 units
(€628.92)

e Beurer bluetooth pulse oximeter
POG60: €52.03 per unit incl VAT;
9 units (€468.27)

e Activity band Xiami MiBand 3:
€27.18 per unit incl VAT; 9 units

(€244.62)
Cost of using Digital solutions from EDGE
digital (eCare), VICOM (HFPred), CH
solutions and (ROSA) and TREE (vitals control)
SHAPES were highly customised for each
platform use case and as the Digital

Solutions and the SHAPES platform
are not yet commercial entities it is
not possible to attribute a cost at
this stage.
Cost of staffing CH staff time
(Timesheets
and costing e Baseline visit time (including
data) travel) = 4 hours per visit per 9
visits = 36 hours
¢ Maintenance/ troubleshooting
time via phone =5 hours per
week during 12 weeks = 60
hours
e End visit time = 4 hours per visit
per 9 visits = 36 hours

Related Cost of 9 4 The total
changes in hospitalisation  hospitalis hospitalisa cost
use of s ations in tions in reduction
healthcare total total regarding
resources registere registered hospitalisat

dinthe during the ion was
previous pilot=4* €18060.
3 months €3612 This

to the (average calculation

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 : x

191 *ax”



% Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report

SHAPES

Domain Topic Outcome Baseline End of Mean
Mean pilot change
(SD) Mean (95% ClI)
(SD)
pilot =9 * cost in is an
€3612 Spain per  estimation.
(average hospitalisa
cost in tion; data
Spain  from 2004)
per =€14448
hospitalis
ation;
data from
2004) =
€32508
Cost of A&E No A&E 2 A&E There is no
attendances attendan attendanc public
ces esintotal information
registere registered of the cost
dinthe during the of A&E
previous pilot. attendance
3 months s in Span,
to the therefore,
pilot = 0€ the cost
change
due to the
pilot
cannot be
calculated.

Performance of the digital solutions deployed in PT3-001

Sleep and activity (TREE)

Version 1.0

When the data collected by the wristband was analysed, it was noted that participants
didn’t wear it as much as requested. Participants were asked to have the wristband
on every day for as much time as possible, but just 4 out of 9 participants wore it
enough time to get meaningful data. From the sleep information, the most relevant
data were the hours of sleep, health care professionals used this information to detect
potential sleep issues and refer to a specialist, if needed. From the physical activity
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information, the most relevant data were the number of steps per day. Health care
professionals used this information to set a personal plan and follow up with patients.

HFPred (VICOM)

Table 65 HFPred data (PT3-001)

Participant Number of heart failure Number of risk scores
decompensation per week

prediction risk scores

P1 76 6.08
P2 77 6.17
P3 6 0.5

P4 54 6.25
PS5 32 3.88
P6 35 3.40
P7 80 6.33
P8 72 5.92
P9 1 0.08

P1 had no instances of unscheduled care during the pilot, the risk prediction was 15%
on average during the 12 weeks pilot. However, the algorithm occasionally predicted
a high risk for this patient due to high blood pressure. When the doctor at CH contacted
the participant on those occasions, the participant stated that they were feeling well
but they got nervous and that was the cause of the high blood pressure. When they
waited for a while and checked again, their blood pressure was lower but the algorithm
predicted a high risk, in this case a false positive. In the final interview this participant
explained that they were deeply invested in the project and when they didn’t know how
to work something out or some of the devices failed, the participant got nervous.

P2 had no instances of unscheduled care during the pilot, the risk prediction was 22%
on average during the 12 weeks pilot. The predicted risk for this participant was
occasionally high due to a low oxygen saturation. However, this participant had no
breathing issues, even on those specific days. In fact, the participant stated that the
pulse oximeter was not very accurate with the readings, as the system registered a
lower level than the actual level.

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 857159 b

193



-
Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report Version 1.0

SHAPES
P3’s level of engagement was really low and they just sent data during the first two
week of the pilot, this is why there are just six heart failure decompensation prediction
risk scores, as the system didn’t have enough data to run the HFPred. Due to the lack
of data, we cannot get any conclusions in this case.

P4 had one episode of unscheduled care (hospitalisation) due to cardiac
decompensation on December 18". On the previous day, they had a red risk predicted
of 86% and the risk continued being high on the coming days, 98% risk on December
19™, 84% risk on December 215t and 92% risk on December 22"9). These risk scores
were high due to weight gain and low oxygen saturation. The participant then had a
green risk of 16% on December 23 when the vital signs went back to normal. On
January 2" this participant had a risk score of 98% and 86% on January 3, after this
the participant passed away. In this case the algorithm correctly predicted the two
decompensations that the participant had, predicting a 45% risk on average for this
participant. Analysing the data, we see another high risk predicted at the beginning of
November due to a huge weight gain of 10kg in 2 days; there was no medical treatment
because there was no decompensation but the algorithm correctly detected the weight
gain based on the data provided.

P5 had no instances of unscheduled care during the pilot, the risk prediction was 18%
on average during the 12-week pilot. The risks predicted for this participant were
usually low but analysing the data we can see that they had a high risk predicted on
November 16™, 17t and 18" due to a weight gain of 30kg. The doctor contacted the
participant and they explained that another person used the weight scale. Therefore,
it was decided that the data set for those days would not be considered.

P6 had three unscheduled care episodes during the pilot, the risk prediction was 27%
on average during the 12-week pilot. On November 29™ the participant was
hospitalised due to a urinary tract infection (UTI) and aspiration, having a risk score of
40% on the 26" and 30% on the 28" due to low oxygen saturation and 82% on the
30" due to low oxygen saturation and weight gain. Then, on December 11" the
participant had a A&E visit due to abdominal pain, they had a risk prediction of 40%
on the previous day due to high heart rate and low oxygen saturation. Even though
the unscheduled visits where not directly related to heart failure, the fact that the
algorithm was triggered around those episodes was appropriate as medical assistance
was required.

P7 had no instances of unscheduled care during the pilot, the risk prediction was 18%
on average during the 12-week pilot. The participant had red risks predicted
occasionally due to high blood pressure, which were correctly calculated.

P8 had no instances of unscheduled care during the pilot but the risk prediction was
83% on average during the 12-week pilot. This was due to the fact that the basal
oxygen saturation of this participant was around 90% and they were prescribed
oxygen therapy. The participant didn’t always use the oxygen because it bothered her.
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After analysing this situation, we concluded that the basal values for patients should
be considered and the ranges of values of the HFPred should be adapted to represent
the reality. In this pilot, the HFPred model could not be corrected as the results were
not analysed until the end of the piloting activities.

P9’s level of engagement was really low and they just sent data during the first week
of the pilot, this is why there is just one heart failure decompensation prediction risk
score, as the system didn’t have enough data to run the HFPred.

It can be concluded that the HFPred accurately predicted the medical
decompensations when they were true, but it gave many false positives due to the fact
that external factors were not controlled in the pilot. These factors may trigger some
of the vital signs and cause a false high-risk prediction (high blood pressure due to
nervousness, low oxygen saturation due to incorrect lecture by the oximeter or some
participants may have basal vital signs which are “out of range”). Therefore, these
potential factors should be controlled and medical intervention should always be
required to double check the prediction.

eCare (EDGE)

During the pilot timeframe, eCare collected 31,213 measurements, including blood
pressure, heart rate, oxygen saturation, weight, sleep duration measurements and
step counts, distributed as follows:

Table 66: Number of Measurements in eCare (PT3-001)

Participant Blood Heart Oxygen Sleep Step
pressure rate Saturation Duration Count

P1 97 97 138 88 39 19,537

P2 96 95 143 - 39 7,133

P3 6 - 4 - - -

P4 77 50 55 53 - 44

P5 36 36 44 32 - -

P6 36 32 72 35 - 47

P7 134 130 194 69 2 2,177

P8 51 50 76 67 8 50

P9 5 4 6 - - 29

Total 538 494 732 344 88 29,017
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It was noted that participants P2, P3 and P9 did not use the body composition scale
and that participants P3 and P5 did not wear the activity band for the duration of the
pilot. In addition, participants P3, P4, P5 P6 and P9 did not wear the activity band for
monitoring sleep for the duration of the pilot. These situations may be directly related
with the specific health and wellbeing conditions of the involved participants during the
pilot timeframe.

User experience

Table 67 Trust, acceptance and self-perceived usability of Phase 5 participants (older adults) (PT3-001)

Participant TAM SUS
P1 18 82.5
P2 19 92.5
P3 12 75
P4 No feedback No feedback
P5 16 77.5
P6 18 925
P7 19 90
P8 13 60
P9 18 70
TOTAL (mean / SD) 16.63 (2.72) 73.73 (12.5)

The technology acceptance model (TAM) is scored out of a maximum of 21. The
System Usability Scale (SUS) is scored out of a maximum 100.

Table 68 shows the perceived impact of participants using the DS.

Table 68 Overall perceived impact of participants (older adults) in Phase 5 (PT3-001)

How has the use of the digital % of participants
solution impacted your everyday

life?

Health-literacy 55.6%
Self-management of health 55.6%
condition
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How has the use of the digital % of participants
solution impacted your everyday

life?

Support for active and healthy 33.3%

ageing

Improving quality of life 11.1%

Supporting extended living at home 44.4%

Another 0%

No impact 0%
Table 69 and

Table 70 gather health cost data, they show the willingness to pay of participants to
use the digital solution and their opinions about who should pay for it.

Table 69 Willingness to pay of participants (older adults) in Phase 5 (PT3-001)

If this innovation was available to % of participants
use in the future, how much would

you be willing to pay for it per

month?

5-10€ 0%
11-20€ 37.5%
51-100€ 0%
>100€ 0%

| would not be willing to pay for it 62.5%

Table 70 Opinions of Phase 5 participants about financing options (PT3-001)

Who should pay for this DS? % of participants
Individual end-user 0%
Health insurance (private) 50%
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Who should pay for this DS? % of participants
'Health insurance (public) ~ 12.5%
Government-funded 37.5%

Other 0%

Table 71 Qualitative outcomes (semi-structured interview) (PT3-001)

Questions Participant’s comments

What did you like Older adults:

most about the
technology “| liked that the use of the App and the devices

tested? encouraged me to have better habits, such as walk more.”
“It empowered me over my health.”

“It has supported me in tracking my health and meeting my
goals."

“The values were displayed quickly, and they synced well.
From a technical standpoint, we liked it except for isolated
errors.”

HCP: “Following this methodology, it is more difficult to
miss relevant information from patients and it is a good
way to prevent exacerbations.”

What did you like Older adults:

least about the
technology “It stresses me out a bit when some of the devices don't

tested? connect properly because | don't know if it's me who's
doing it wrong."

“| found it uncomfortable to take measurements every day.
It doesn't seem practical to me, and | become obsessed
with it."

“The scale is very sensitive and sometimes fails if you
don't do it exactly right. Maintaining balance is difficult, and
it's easy to slip because you must be barefoot. | haven't
used the activity bracelet much because it has a delay,
meaning the data is sent to the App with a delay and it
causes confusion.”
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Questions Participant’s comments

HCP: “I didn’t like the fact that | had to access two different
dashboards to check the data from patients. This was
quite time-consuming; however, it is true that within each
dashboard the data was well organised.”

How have you Older adults:

perceived the
usefulness of “Very useful because apart from being able to send
technology? information, we could also visualise it ourselves, me, my

caregivers and family members. It is important to know the
historical data of the vital signs, which | usually don't
record, and | liked being able to know it."

“Very useful to control my weight. | have renal
insufficiency, so it was helpful for monitoring fluid
retention.”

“It was useful because | carry oxygen intermittently, and
monitoring my oxygen saturation helps me determine
whether | need to use it or not."

HCP: “It is very useful because it sets a routine for the
doctor. It is very intuitive what to do and the steps to
follow.”

Will you be willing Older adults:

to use the
technology tested “Yes, | would be willing to use it because | would like to
in the future? have a system to control my own health.”

“Yes, but maybe with different terms, | think measuring the
vitals and answering the questions every day is too much.”

“I like the application but | don’t think | would use it. | am
not used to phones and | get tired of it.”

HCP: “Yes, totally, however, | would make the changes /
improvements mentioned to get a more efficient solution.”

After analysing all the data, we can conclude that most participants thought that the
novel system was useful for them. In respect of participants, 55.6% thought that the
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use of the digital solution supports them increasing health-literacy and self-managing
their health condition, 44.4% thought that it supports extended living at home and
33.3% thought that it supported an active and healthy aging. However, just 11.1%
thought that the use of the digital solution has improved their quality of life. This might
be due to the brevity of the pilot, as quality of life is perceived in mid and long terms.

In general, the qualitative opinions of participants were quite positive but some were
polarised. On the one hand, some older adults were very motivated and engaged
throughout the project and reported positive opinions about the DS. On the other hand,
some older adults didn’t really get used to the routine proposed with low App usage
and a low engagement level. This highlighted the importance of background, e-literacy
and profile of participants when introducing a technology.

The final recommendations to pursue the exploitation of the digital solution are as
follows:

1. Adapt solutions to end user’s needs. In this use case measurements had to be
done on a daily basis for research and harmonisation proposes but the use of
the technology should be fully adapted to each person.

2. Include end users in the design process, focussing on solving their needs. Two
of the participants in Phase 5 had already participated in Phases 2, 3 and 4 and
they were much more engaged in the process.

3. Improve the integration of the different parts: Specifically, the interface for
HCPs should be integrated to have a better user experience and perceived
usefulness.

4. Develop clear and understandable user manuals aiming a smooth adaptation
of end user to the technological development.

3.9.5.1 GEWI (replicating site)

Due to the challenges encountered and elaborated with respect to the recruitment
process (see chapter 3.9.2), UC-PT3-001 was not replicated in the German setting.
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4 Use case PT3-001c

4.1 Introduction

This chapter describes the pilot activities of UC-PT3-001c: Advanced telemonitoring
of patients with heart failure in the home environment. The target user group was 25
patients older than 60 years of age, diagnosed with chronic heart failure with possible
comorbidities. This user group had relatively low ICT literacy therefore the digital
solution aimed to provide optimal user experience to allow ease of use of the whole
system including the application and accompanying medical devices for monitoring
selected biomedical signals/parameters. Monitoring was conducted in the patient’s
home environment.

The main goal was to decrease the probability of patient decompensation through
regular monitoring of selected biomedical signals, which may raise awareness of an
imminent threat to the patient’s health status. It was hypothesised that this may lead
to improvement of older individuals’ quality of life. Concurrently, the need for regular
hospital visits may decrease.

Use case leader was University Hospital Olomouc (Fakultni Nemocnice Olomouc,
FNOL). There were no replicating sites.

Use case is based on the Personas Alena and Jan (1), Jan was a patient diagnosed
with heart failure living in a small town away from a larger regional agglomeration,
where his specialist and clinical centre were located.

4.2 Description

Participants chosen from the group of FNOL patients over 60 years of age were
provided with the digital solution based on the mobile application working with the
tablet and several medical devices to routinely measure selected biomedical
signals/parameters, e.g.: body weight, blood pressure, electrocardiogram, physical
activity (daily steps). Measurements were accompanied by specific questionnaires
that measured patients’ clinical state, adherence to medicine, social status, achieved
level of user satisfaction with the provided digital solution etc.

Data collected by the provided tablet were retranslated to a remote server located
within the EU in accordance with the personal data protection and cybersecurity
technical standards and recommendations.

Recorded data were checked on a regular basis by clinical personnel (doctor or nurse).
If there were any unexpected deviations from recommended values, patients were
contacted by the member of the clinical team. In parallel, the collected data were
analysed by the automated assessment tools and methods provided by other technical
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partners to minimise risk of any patient decompensations and, hence, follow-up
hospital readmissions.

4.3 Digital solutions used in this use case

Medimonitor (FNOL)

Telemedicine System Medimonitor is a platform that provided remote care assistance
and monitoring of patients. It was specifically developed for patients diagnosed with
chronic heart failure. The Medimonitor platform collected patient health data, vital and
physical signs as well as wellbeing and environmental parameters. The overall aim of
the platform was to improve patient quality of life and to empower and support them
to adopt a lifestyle reducing risk of deterioration. All the data and measurements were
gathered through smartphones/tablets, sensors and devices (e.g. weight scales, blood
pressure monitor, oximeter etc.). The platform provided service users with an overview
of their daily health status, tasks and treatment plan assigned by medical staff,
medication administration and requests, notifications, personalised questionnaires
and it offered the possibility to communicate with the medical staff and to manage
medical appointments through video call. Health care professionals were able to
remotely monitor the health and wellbeing parameters of their patients and to identify
deterioration signs early and to intervene promptly.

HFPred (VICOM)

Analysis of medicine optimisation by prediction of worsening disease based on clinical
device readings, patient feedback and modelling to allow timely intervention and
medication review (prediction of heart failure decompensation by VICOM).

More information about the digital solutions for this use case can be found in
Deliverable 5.2: SHAPES Digital Solutions.

4.3.1 Digital solutions used for COVID-19 response

There were no digital solutions used for the COVID-19 response in UC-PT3-001c.
4.3.2 Equipment and devices used (from third parties)

The following external devices are deployed in UC-PT3-001c:

e Diagnostic weight scales Beurer BF600
e Oximeter Beurer PO60

e Blood pressure monitor Beurer BM54

e ECG Beurer ME9O

e Smartwatch Xiaomi Mi Band 6
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Further details on these devices are provided in section 4.8.2. The aforementioned
devices were procured as per Czech legislation. This meant that for each device, the
University Hospital Olomouc (a public institution), required 3 offers and the cheapest
offer was chosen. Technical parameters of the devices were included in the public
procurement description and provision of the APIs was required within the
procurement to permit direct data transfer and integration with the SHAPES App.

4.4 Data plan

The data plan for Phase 5 of the UC-PT3-001lc pilot can be found here;
https://shapes2020.eu/wp-content/uploads/2023/06/UC-PT3-001c data-
plan 04082022 v4.xIsx

4.4.1 Data capture methods to be used

A range of different data capture methods were used during the 5 phases of this pilot
including participant data (see Data Plan), harmonised questionnaires (see
Deliverable 6.9), questionnaires for the HFPred algorithm by VICOM, Pilot 3
guestionnaires and clinical measurements. Specific details can be found under the
sections describing Phases 1 to 5.

The questionnaires used in this pilot are following: SUS (8), MARS (14), VICOM
Predictor questions, EuroQol EQ-5D-5L & VAS (4), BMQ (13), Barthel Index (10),
Gijon Socio-family Assessment Scale (11), EHFScBS (12), Eadon Scale (19), Meister
Questionnaire (21), WHOQOL-Bref (3), General Self-efficacy Scale (GSES) (5),
OSSS-3 (social support) & life events (6), 1-item health literacy (7), Participation
guestions, Technology acceptance questions (9), UEQ-S (2).

4.4.2 Planning of evaluation

MAST

The MAST framework (15) was used to evaluate the effectiveness and contribution of
UC-PT3-001c to quality of care. MAST is described as a multidisciplinary process that
summarises and evaluates information about the medical, social, economic and
ethical issues related to the use of telemedicine.

A review of the seven dimensions of MAST revealed that 3 of the 7 multidisciplinary
dimensions/domains were of specific relevance to the pilot of UC-PT3-001c. These
were: Clinical Effectiveness; Patient Perspectives; and Economic Aspects.

Table 72 contains the data required for the MAST evaluation.
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Table 72: Data required for MAST evaluation (PT3-001c)

MAST
Domain

Clinical
Effectiveness

Patient
perspectives

This project has received funding from the European Union’s Horizon 2020 research

Effects
mortality

on

Effects on
health-related
quality of life

Behavioural
outcomes

Utilisation  of
health
services

Satisfaction
and
acceptance

Understanding
of information

Confidence (in
the treatment)

Ability to use
the application

Access

Empowerment

Self-efficacy

Outcome

Mortality rate

Health related
quality of life

Concerns about
medicines

Necessity
beliefs
medicines

about
Self-reported

adherence

Hospitalisations

User
Experience

Usability of
application

Self-efficacy

Data required

Number of
deaths

EQ-5D-5L
scores

BMQ scores

BMQ scores

MARS scores

Number of

hospitalisations

UEQ-S scores

SUS Scores

General self-
efficacy scale
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Time point

End of pilot

Baseline and
end of pilot

Baseline and
end of pilot

Baseline and
end of pilot

Baseline and
end of pilot

Baseline

(past 3
months) and
at end of pilot

End of pilot

End of pilot

Baseline and
end of pilot
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MAST
Domain

Economic
aspects

MAFEIP

Amount and
cost of
resources
used

Outcome

Cost of devices

Cost of
maintenance

Cost of using
digital solutions
and SHAPES
platform

Cost of staffing

Cost of travel

Version 1.0

Data required Time point

Cost as per
medical device
purchasing
invoice

Costs per
device
maintenance
(T support,
medical device
regular
rechecks,
calibrations
etc.)

Costs to be
provided by
SHAPES

Timesheets
and costing
data

Saved patients’
travel
expenses

End of pilot

End of pilot

End of pilot

End of pilot

End of pilot

Due to the evaluation methodology (small-scale deployment, non-case controlled) the
MAFEIP tool (16) was not used to evaluate UC-PT3-001c.

4.4.2.1 Final check of the use case by using the CSFs of MOMENTUM and the NASSS
framework

MOMENTUM

The MOMENTUM (17) blueprint was applied to check if UC-PT3-001c had the critical
success factors (CSFs) needed to take it from the pilot phase to large-scale

deployment.
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On review of the blueprint (and in line with guidance provided in the WP6 Evaluation
Manual) it was agreed that 6 out of 18 CSFs were more relevant to explore and
address at a later stage of the SHAPES programme. These included CSFs concerned
with the cultural readiness for the telemedicine service (CSF 1), the consensus
position on the advantage of telemedicine in meeting compelling need (CSF 2),
ensuring leadership through a champion (CSF 3), preparing and implementing a
business plan (CSF 9), preparing and implementing a change management plan (CSF
10) and guaranteeing the technology has the potential for scale-up (CSF 12). All
remaining CSFs were deemed either to be in place or would be before the pilot began.
A summary of the MOMENTUM blueprint is provided in Annex 46). Further details on
each CSF are provided below.

CSF 4. Involve healthcare professionals and decision-makers

Health professionals and decision-makers were involved in the development of the
content of the pilot. They were involved with the planning, design and implementation
phases. Healthcare professionals’ views on the value of the technology associated
with this use case were explored in qualitative feedback obtained at the end of Phase
5.

CSF 5. Put the patient at the centre of the service

Patients were involved in the development of the digital solutions through the planned
activities for Phase 2 and 3 of the pilot — mock-ups, prototyping and hands-on
experiment. It was important to focus mainly on the education of the patients how to
use the App and what benefits it could bring them.

CSF 6. Ensure that the technology is user-friendly

User experience was improved by the team consisting of both IT experts and a
psychologist. Design was based on good practices and its adaptation was supported
by experiments with focus groups containing the service users — patients and
healthcare professionals. This area was mainly addressed during Phase 2 and 3 of
the pilot and possible issues were resolved immediately based on the user feedback.
Questions were guided by the standard ISO 14915, which specified four principles for
the design of multimedia applications.

CSF 7. Pull together the resources needed for deployment

The resources required for deployment of the digital solutions for the pilot were, in the
most part, available. However, experienced IT experts employed in the government
sector were extremely difficult to find. Consequently, the existing IT teams endured a
large workload. This was probably the major bottleneck of the project. A possible future
solution could be motivating future IT experts via internships in the telemedicine IT
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team. The COVID-19 pandemic also placed greater demands on medical staff, both
in terms of time and effort in providing routine care.

CSF 8. Address the needs of the primary client(s)

The primary clients of the PT3-001c use case were older individuals with chronic heart
failure. The use case was specifically developed to meet the needs of a persona that
represented the primary client. The use case and digital solutions were adapted in
response to user testing feedback conducted with the primary clients. A user centric
approach was applied in all stages of the development process. The solution also
addressed the needs of the healthcare professionals by monitoring patients remotely
and informing them about any decompensation.

CSF 11. Assess the conditions under which the service is legal

Review of the legal requirements of the Czech Republic concerning the use of digital
solutions was conducted and it revealed that for the purposes of a scientific research
project any devices that were of non-medical nature (“‘wellbeing devices” —
wearables, weight scales, adherence monitoring devices etc.), however, certified in
EU or US (FDA) could be used with the approval of an ethics committee together with
the patients’ voluntarily participation. In the pilot voluntary participation was
demonstrated by obtaining informed consent and patients were free to leave the pilot
if they wanted to, without any effect on the healthcare provided to them by the Czech
legislation.

Completion of a DPIA identified and minimised any risks associated with the pilot. Data
processing agreements were established with relevant partners to permit access to
pseudonymised data.

CSF 13. Identify and apply relevant legal and security guidelines

Legal and security guidelines were reviewed and were applied accordingly. Main
areas for consideration included data protection, ethical approval, compliance of
devices with standards, penetration testing of software and storage of data.

Moreover, during the COVID-19 pandemic the Czech government institutes involved
in cybersecurity issued several guidelines related to telemedicine and the
requirements mentioned there were implemented in the digital solution tested in the
pilot.

CSF 14. Involve legal and security experts

There was cooperation with SHAPES partners together with legal and security experts
to ensure that we had full confidence in the legality and security of this pilot.
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CSF 15. Ensure that telemedicine doers and users are privacy aware

Telemedicine system designers were aware of GDPR and related privacy issues.
They prepared the telemedicine system in concordance with the requirements.
However, there was no certainty that the service users were equally experienced.
Creators made all the relevant information available directly from the application, so
the important information could be easily found and understood, especially for older
people. Future improvements in this area are expected as this topic is steadily
changing and evolving.

CSF 16. Ensure that the information technology infrastructure and eHealth
infrastructure are available

An appropriate infrastructure for deployment of the digital solutions within the
organisation was available for the pilot and prepared for scale-up process.

CSF 17. Put in place the technology and processes needed to monitor the
service

A system to monitor the pilot was set up with support from WP4 and WP5 partners.
There was also support from the local IT team to help address any issues with the use
of the digital solutions. The IT team also developed their own service monitoring
system to mitigate any incidents. A risk assessment was also conducted. The local
project team were available to support participants in resolving any problems they
experienced with the digital solutions.

CSF 18. Establish and maintain good procurement processes

Procurement processes for any public organisation, like the University Hospital
Olomouc, were well defined by Czech legislation. Despite the processes being well
defined and personnel in place to assist with implementation, these processes can be
rigid and slow. Nevertheless, they were mandatory and were followed.

NASSS

The NASSS framework (18) was used to detect areas of complexity in the project plan
for piloting UC-PT3-001c and, if needed, to make adaptations to the plan. The long
version of the NASSS-CAT questionnaire was considered and completed by the pilot
team (Annex 46). Of the 7 domains, there were 4 domains (‘Technology’, ‘Value
proposition’, ‘Intended adopters of the innovation’, “The organisation implementing the
technology’) in which significant complexities were identified that, if not mitigated or
addressed, were likely to affect the project’s success at the piloting stage of the use
case.
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Table 73: Complexities and mitigation measures identified using the NASSS framework (PT3-001c)

NASSS
domain

complexity Uncertainties detected

Mitigation measures

taken

Technology

Technology

Technology

Technology

Due to the complicated
procurement processes it
was challenging to firstly
purchase the test product
and subsequently to
purchase the rest of the
devices, as there was a
high risk that devices
would not be the same
product.

Procurement process
might not be able to reach
to all possible
manufacturers of the
devices intended to be
used within the pilot.

Uncertain outcome  of
device integration, which
might be more
complicated than
envisaged by the internal
IT experts.

The amount of IT experts
available for the task is
limited.

By December 2021,
uncertainties  regarding
the procurement process
were addressed and
resolved, IT Department
and the Department of
public procurement of
UHO took over the
responsibility  for  the
procurement of all
required devices. All
devices were  either
procured or sales
contracts with gradual
delivery were mutually
signed.

SDKs for all of the devices
were obtained with
support from
manufacturers and were
implemented.

During the phase 2 an
additional IT expert was
hired, however, it was still
not sufficient as the
hospital needed to solve
other problems (tests and
vaccinations) connected
to the COVID-19
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domain

complexity Uncertainties detected
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Technology

Technology

Value proposition

Intended adopters

Intended adopters

Intended adopters

The exact role and
functionality of the
platform had not yet been
defined/communicated to
the use case leaders.

The flow of data and data
storage location was not
yet confirmed.

Uncertain value to the
patient and
clinician/healthcare
system.

Uncertain level of digital
literacy.

Negative opinions on
technology = acceptance
among some individuals.

Uncertain
among
professionals
about overload).

acceptance
healthcare
(concerns

Mitigation measures
taken

pandemic and an
increased amount  of

hacker attacks. Another IT
expert and IT project
manager were planned to
be hired by the end of
2021.

By the participation on
cross-WP meetings the
major questions regarding
the platform functionality
and data storing were
clarified.

Value to the stakeholders
was assessed after the
pilot using specific
guestionnaires.

Simple education was
provided to all users.
Some of the prospective
users were also involved
in the test phase, when
the user experience and
GUI design was being
tuned so they could
directly participate in the
final shape of the
application. All the
benefits of the solution
were presented to the
stakeholders and
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Intended adopters

Intended adopters

Intended adopters

Organisation
implementing
technology

the

Availability of Wi-Fi
network at the point-of-
care location is uncertain.

Security measures on the
patient's side of the
network might introduce
security threats.

System as a whole -
hardware and software —
might be too “modern” and
complicated for the
intended user group.

Traditionalists among the
hospital staff were not
ready yet to embrace the
possibilities of modern
technology.

Mitigation measures
taken

discussed with  them
whether they were

relevant or not.

Participants of the pilot
were required to have Wi-
Fi already installed in their
home.

Simple education was
provided to all users to
ensure the security and
acceptance.

Members of the Czech
National eHealth Centre
were increasing the
knowledge about the
telemedicine benefits
among the employees of
the University hospital
Olomouc through
seminars, workshops and
other activities.
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4.5 Phase 1
4.5.1 PACT and FICS Scenario

Table 74: PACT (PT3-001c)

Code UC-PT1-001c

People o Patient - 60+, living at home. No cognitive impairment at
Roles and/or actors of recruitment to the study. Advanced (based on NYHA
typical users involved classification) heart failure patient with possible
in  delivering and comorbidities like diabetes, hypertension, chronic
receiving the obstructive pulmonary disease with multiple daily
telemedicine medications. Very limited use of technology, most have
intervention never used a smartphone/tablet before.

e Healthcare professionals (HCPs) - nurse and doctor
planning and assessing medical treatment plan and
specific tasks as parts of medical treatment plans. In the
cases of results being below or above (based on the
observed parameter) desired thresholds, they will alert the
patient and adjust the medical treatment plan. HCPs have
average level of computer literacy allowing them to conduct
daily routine without major problems.

Biomedical engineer or IT technician — providing technical
support for both patients and healthcare professionals in
the cases of connectivity issues, medical device
malfunctions, software issues etc.

Activities Patient
Activities to be °® Measure systolic and diastolic blood pressure once a day

Measure weight once a day

Measure heart rate once a day

Measure oxygen saturation once a day
Measure daily activity with use of a pedometer

performed by the
actors in order to
successfully provide
and receive  the

telemedicine e Measure ECG once a day

intervention e Complete daily/weekly/monthly/one-off questionnaires (HF
procedures for the related questionnaires, Quality of Life related
professional and the guestionnaire, user acceptance related questionnaire)

patient; Parameters Send the data from the aforementioned measurements to

that determine the the C|oud/p|atf0rm
measures used in the

intervention Healthcare professional
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Code UC-PT1-001c

e Review of clinical data on a regular basis, making changes
to patient care as required

Assign tasks to patients

Possibility to provide video consultation via telemedicine
application

Use predictive model to identify if patient’s health condition
is deteriorating and interventions taken to avoid this e.g.
decompensations in heart failure

Technical support

Provide introductory tutorial for both patients and
healthcare professionals to achieve their correct use of
hardware and software solutions

Provide support to resolve technical issues related to both
connectivity and functionality

Provide regular maintenance of the hardware and software
tools where applicable

Context e Smart clinical devices to be used in patient’'s own home to
Social-medical monitor several patients’ parameters that are relevant to
relevance of the monitor condition of patients with heart failure. Measured
telemedicine data are being assessed by healthcare professionals and
intervention;  privacy also analysed by digital analytical tool.

issues; risks for the e Particular goals are as follows:

patient; locations o Optimise treatment plans

o Improve patients’ outcomes and reduce probability
of possible readmissions
o Reduce frequency of regular check-ups in hospital.
o Increase use of digital telemedicine tools (e.g. video
consultation)
Maintaining high standards of data privacy handling
GDPR and ethics in line with WP8
Data and servers must be located within the EU
Translation into the Czech language will be provided by the
local team
Location: University hospital Olomouc, Olomouc region,
Czech Republic

Technology * More detailed information can be found in the data plan for
Type of UC-PT3-001c
information/parameter

This project has received funding from the European Union’s Horizon 2020 research
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Code UC-PT1-001c

that are relevant in
monitoring the health
status; type and

frequency of
accessibility of
information; feedback
modalities

(communication)

This project has received funding from the European Union’s Horizon 2020 research
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Baseline demographic information:

Age (year not DOB)

Sex (M/F)

Smoking history (Never smoked/used to smoke/current
smoker)

Height (cm)

Baseline medical history:

Medicine  (number of medicines/chronic or as
required/name/ strength/ frequency/ date)

Diagnoses (medical condition and date of diagnoses)
Implanted cardiac device (pacemaker/ implanted
cardioverter  defibrillator/ cardiac  resynchronization
therapy)

Left ventricular ejection fraction (%)

Rhythm (atrial fibrillation/ sinus rhythm/ atrial flutter)
Admission to hospital within 30 days

Readmissions

Heart disease

NYHA classification

Changes to medication as the pilot progresses
(stop/start/change strength/change frequency)

Heart rate (beats per minute) once daily

Oxygen saturation (%) once daily

Blood pressure diastolic and systolic (mmHg) once daily
Weight (kg) once daily

ECG once daily

Blood test (Urea, creatinine, Sodium, Potassium, Glycated
Haemoglobin, etc.)

Questionnaires

Reminder/alert to complete questionnaires and use clinical
devices

Feedback to participant that their clinical parameters are
within or the normal range

Feedback via app to participant on whether all tasks have
been completed

Feedback via browser to HCP to highlight clinical
parameters outside the normal range

214 "



74
Deliverable D6.4 Medicine Control and Optimisation Pilot Activities Report

SHAPES

Version 1.0

Table 75: FICS Scenario (PT3-001c)

Details

Category

Function and

events
Functionality of the
intended  system
which is capable to
realize actor’s
activities

Interactions and
usability issues
User-system or
system-component
interactions
meditating actor’s
activities; Types of

the interactions,
e.g. unidirectional
data streaming

service or reliable
messaging service

Content and
structure
Variables of the
interaction

This project has received funding from the European Union’s Horizon 2020 research
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The system will provide users with the following capabilities:

e Measure body weight and composition once daily

e Measure blood pressure once daily

e Measure ECG and heart rate once daily

e Measure oxygen saturation once daily

e Monitor physical activity thorough the day (aided by a
pedometer inside smartwatches)

e Assign specific questionnaires (e.g. wellbeing,
usability, etc.)

e Assign tasks within the medical treatment plan

e Show alerts, notification, reminders etc.

e Video consultation

e Medicine ordering

e Medication list

e Prediction of decompensation

In this use case, we plan to work with following end-users:

e Older person (a heart failure patient)

e Healthcare professionals (nurse, doctor)

system

Front-end is available for patients and healthcare professionals,
whereas each of the users is able to see only a part of the system
which is intended for them.

The system will manage following data and information:
e Physical activity (pedometer)

e Vital signals (e.g. ECG)

e Providing alerts, reminders, notification etc.

e Wellbeing and other surveys

e Treatment plan

Healthcare professionals are able to create treatment plans,
check the alerts and analytics provided through the predictive
model for heart failure patients.

Patients are able to upload data from the medical devices they

are using, check-up on their treatment plans.

e Users’ front end with teleconsultation and medicine ordering
is available through the regular web browser
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Category Details

e Monitoring of biophysical signals, dissemination of wellbeing
and other questionnaires is aided via application available for
Android devices

Style and Part of the system available via browser:

aesthetics o 7

Look and feel of the S—
system @ 1012.202012:00

B Socorec

WMCHTT o =
9o ov
° ZALOZITVIDEOKONZULTACI ZPRACOVAT ZADOSTI O LEKY
B Miknétozd Kikndta zds.

& s NADEHAZEIC] KONZULTACE 24posTi0 LEKY

n+e
“anes

Part of the system available as an app for Android:

&
o A ¢

Tekutiny Hmotnost Tlak a tep

-
Ll

NeZadouei Doktor Glykémie

'S
Y
H

Léky Zadost Poslat foto Saturace

& »
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4.5.2 Key performance indicators

Key Performance Indicators (KPIs) were defined as a set of measures that focused
on the factors most critical to the project’'s success. KPIs were measurable and
guantifiable with a target or threshold. They measured performance in critical areas
by showing the progress or lack of it towards realising the objectives of each specific
use case. The following KPIs were chosen to determine whether, or not, the pilot for
UC-PT3-001c was successful.

Failure to meet four or more of the KPIs will indicate that major revisions to the use
case and associated digital solutions are needed before further evaluation or
deployment.

Recruitment and retention

1. Atleast 80% of the target cohortwere successfully recruited into the
pilot during the recruitment period.

2. Atleast 80% of recruited participants remained enrolled in the pilot until the end
of the study.

User engagement and acceptance

3. The overall user experience quality of the app as measured using the short
version of the UEQ-S (2) was classified as ‘Excellent’, ‘Good’ or ‘Above
average’ based on published benchmark data.

4. At least 60% of participants continued to use the app daily after 2 weeks of the
pilot.

5. At least 60% of participants scored an above average rating (>68) in the SUS

(8).

6. Atleast 60% of healthcare professionals’ mental load and workload decreased
during the three months of the pilot among the doctors using the platform in
comparison with the baseline (Meister questionnaire) (21).

Collection of data

7. Sufficient data was collected from participants to allow the heart
failure decompensation prediction tool to generate a percentage risk of
decompensation at least once per week for at least 60% of participants.
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4.5.3 Timeline of pilot activities

The original timeline of pilot activities according to the Description of Work was to
conduct Phase 1 and 2 between November 2020 and April 2021, then start with Phase
3 (prototype testing and hands-on training) in May 2021 and with Phase 4 (deployment
in controlled environment) in September 2021.

Phase 1 was conducted as originally planned as this phase was mainly focused on
document preparation (personas, KPIs, scenarios, pilot description etc.)

In Phase 2 (mock-up user experience testing) the FNOL team invited prospective
users to test the initial wireframe models and also high-resolution models of the
Medimonitor application. Direct demonstration on the tablet devices together with the
targeted interviews was used. This phase was finished in April 2021.

In Phase 3 (hands-on training) the FNOL team needed to be in direct contact with the
prospective users, therefore the start of phase 3 was postponed until it was safer for
the older people to have in-person meetings with the FNOL team. This phase was
finished in August 2022. A formal request to extend Pilot Theme 3 was approved by
the Project Officer.

Phase 4 and 5 involved training participants on the use of clinical devices and
recruiting from outpatient clinics. The COVID-19 situation continued to result in
significant clinical staff redeployment and only essential outpatient services were
running. Also, the IT support staff were redeployed to COVID-19 related services,
maintenance and to respond to the increasing number of hacker activities. Phase 4
started with a delay in September 2022 due to technical issues with devices and our
application. Phase 5 was conducted immediately after in November 2022.

NIDIJIFIM[A[M[J][J[As[O[N[D[J[F[M[A JlJlAalslo[N[D[J][FIM[A[M[J]Y
13[14]15[16[17]18[19]20[21[22]23 24| 25]|26]27] 2829/ 30[31]32]33[3435]36|37]38|39] 40 41]42]43]44]45

Planned timeline: PT3| phase 1 | phase 2 B phase4 phase 5
Actual timeline: UC-PT3-001c| phase 1 | phase 2 | extension | /] 4 phase 5 I o

Figure 14 Planned and actual timeline of pilot activities (PT3-001c).
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4.6 Phase 2: Testing of mock-ups and prototypes
4.6.1 Methodology of testing

Aim

The aim of this phase was to validate prototypes of the application’s (Medimonitor)
GUI, cooperate with IT experts (designers and programmers) and use the opportunity
to integrate user feedback at an early stage of the technological development process.

Overview

The digital solutions for UC-PT3-001c underwent a user-testing process to optimise
their usability and acceptability to the end-users. There were several GUI prototype
solutions that were presented to the end users — patients and health care
professionals. End users were given simple tasks (order medicine or a video
consultation) to be conducted within the application environment. Feedback was
collected through direct user observation and interviews.

Recruitment
Phase 2 was conducted with 9 participants from 2 different types of user groups:

e Target users (= 60 years’ old; living at home) (n=5)
e Healthcare practitioners (nurse or doctor) (n=4)

Identification of participants
Target users

The first group of target user participants were identified within the social networks of
Market and Advertisement Psychology students from local universities. Each of the
students was able to identify several eligible participants within their families. The
students were also well educated to perform the prepared mock-up test and to
conclude the main results which were sent to the principal investigator in the next step.

The second group of target user participants were identified through the University
Hospital Olomouc. The second group were invited to participate in the intensive
workshop conducted on hospital premises.

Healthcare practitioners

Four healthcare practitioners were identified via the cardiology department in
University Hospital Olomouc. Two HCPs were doctors with specialisations in
cardiology two HCPs were nurses. One of the medical doctors was a male. All of the
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HCP users were confident in using their smartphones or tablets as they regularly use
them.

Informed consent procedure
Target users

The first group of participants were recruited from the family members and friends of
cooperating students. No personal data was collected from participants, nor were any
invasive experiments/procedures conducted on the participants. They were simply
asked about their opinions related to the applications GUI, its colours, font sizes,
language and terminology used. Therefore, no written consent was collected.
Participants were verbally informed by the cooperating students, however, no signed
documents were required.

A second group of participants were invited for an intensive workshop with the
developers and user experience (UX) experts. General consent that was
recommended by the SHAPES consortium was used. Eligible individuals were
provided with verbal information/instruction explaining the background and purpose to
the study and what they could expect to happen if they agreed to participate. Those
who agreed to take part were given a consent form by a FNOL researcher.

Healthcare practitioners

The healthcare practitioners were recruited from hospital employees. Eligible
individuals were provided with a verbal information/instruction explaining the
background and purpose to the study and what they could expect to happen if they
agreed to participate. Those who agreed to take part were given a consent form by a
FNOL researcher.

Informed consent for all participants was taken on-site. Template consent forms are
available to view in Annex 48.

Method
Presentation of mock-ups

Validation of the user-facing digital solutions design intended for deployment in UC-
PT3-001c Advanced telemonitoring of patients with heart failure in home environment
was conducted. These solutions were as follows:

Medimonitor GUI

Students were asked to reach older people in their social network to cooperate on the
Medimonitor GUI optimization.

This project has received funding from the European Union’s Horizon 2020 research
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Students showed a presentation that demonstrated the FNOL digital solutions
developed within SHAPES (Medimonitor) including its main features and functionality.
Students also presented several screenshots with different variants of the GUI. This
included the use of specific terminology and language with the intention to identify the
text that allowed the highest possible level of understanding among the target group.
Students interviewed the participants and collected notes with participant’s feedback
— which consisted of choosing the best GUI out of all presented variants and writing
participants’ own ideas to improve the terminology, language and GUI graphical
shape.

It was important to stress that all the participants were told that they were not the
subject under test — the application was. They were the experts telling the developers
how to improve the digital solution to maximize its utility and ease of handling by the
target group.

Students were instructed to show the screenshot in a different sequence for each
participant to avoid order bias.

In the second step the users were asked how they would interact with different
application’s functionalities (scheduling video consultation, ordering medicine) of the
digital solution. Ease of use among the participants was observed and the feedback
was collected.

The second group were invited directly to the hospital premises, where an intensive
workshop with developers took place.

The second group of invited participants were divided into two distinct subgroups. The
first subgroup already had hands-on experience with the original telemedicine solution
of FNOL, whereas the second subgroup had not. A total of 6 participants were
contacted — 4 women aged 265 and 1 man attended; 1 participant did not attend. The
whole testing took place in a single room and lasted approximately 1 hour per
respondent. A UX expert and a psychologist were present during the course of testing.
The entire testing was also streamed to the neighbouring room so other employees of
the development team could unobtrusively observe the whole testing session. The
participants observed a GUI prototype created in Figma on a device that was later
used within the pilot verification. Testing was conducted with a structured interview
that had two parts. The first part was moderated by the UX experts and was directly
connected with observation of the user interacting with the mock-up GUI. Questions
were mainly related to the part of the system dedicated to measurements, monitoring,
medicine prescriptions and video consultation. The second part of the interview was
moderated by the psychologist and was related to more general questions and issues
regarding the possible functionalities, GUI appearance, terminology and language. All
the interviews were recorded and can be used for further analysis.
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Data collection and analysis

Data were analysed through qualitative analysis based on short transcriptions of
interviews with the end users. The only personal information collected was sex and
age.

Interviews conducted with the group invited to the hospital premises were observed
not only by the direct interviewers, but also by the other experts in the second room.
Therefore, it was possible to simultaneously write down notes and discuss possible
improvements in real-time. This enabled immediate testing of the improvements and
assessments of their appropriateness for handling by a population of older people.

Completed reports and collated findings, including recommendations, were presented
to the technical experts responsible for the Medimonitor development (designers,
programmers etc.).

4.6.2 Results of testing

A full feedback report from the Phase 2 mock-up presentations including
recommendations made to technical partners is provided in Annex 49. An overview is
provided below.

Overview of feedback

Using the feedback collected during the presentations and interviews with participants,
the Phase 2 mock-ups of the SHAPES FNOL component of the PT3-001c and PT3-
COPD use case user app were assessed using the ISO Standards for multimedia
design (ISO 14915).

Suitability for the communication objective (i.e., suitability of presentation of the
information for achieving the goals of the providers and visitors).

In older users we encountered a lack of confidence with using technology. An
important point was that there should be a clearly designed application, but we should
not forget the motivating conversation with the user. For older users who were
concerned about working the tablet, it was advisable to introduce the application and
motivate them in person (not just by a brochure or leaflet). This introductory interview
can have a major impact on the future use of the application.

Positive feedback
» Create screens with a small number of elements.
» Direct the user's attention to only one task at a time.
* Use a contrast sans-serif font.
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« Use simple design.
+ Show important information (doctor's reports, etc.) with a priority.

Negative feedback
» Do not use icons (or limit their use), respondents often did not understand
icons.
» The colours used in the application should be justified and in order. Using
colour coding with no reason is not recommended, as this confused users.

Suitability for perception and understanding (i.e., is the information transmitted
easy to understand and can be easily recorded?)

The clearer the application, the higher the willingness of users to use the application.
This is in line with the Technological Acceptance Model; the assumption that people
make more use of technologies for which they perceive benefits and are easily
accessible to control (UX, Ul). The application should combine a pleasant appearance,
ease of use, trustworthiness and thus bring an overall positive experience with the
application.

Positive feedback

» Use one-click confirmation (not double-click).

« Use the familiar hospital logo and match the application to the colours that
users have associated with this logo (greater credibility).

+ Create space for the user’s “errors”, typos, incorrectly selected surgeries,
etc. - these user errors must be taken into account by the application and
be able to respond to them correctly.

Negative feedback

* Do not use complex gestures to control (do not use a slider or double-click)
in the application.

« Beware of clickable elements too close to each other (older people had
trouble hitting them).

» Test the application properly before its release, when the application is
launched to the public, do not change it.

Suitability for exploration (i.e., is the participant able to find the desired information
or complete his task without any previous knowledge or experience regarding the
presentation or structure of the information offered).

In the majority of cases the application consisted of several predefined scenarios
which guided the user through the whole process and avoided too much unstructured
exploration. However, the application also consisted of several navigation elements
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that could be accessed with ease. Nevertheless, the alternate routes should not be
confusing.

Positive feedback
e Wizards (a user interface that led the user through a sequence of small steps)
were useful tools to guide the users through the measurement process.

Negative feedback
e Alternative paths to the destination may confuse users, pay increased attention
to whether they are justified.

Suitability for user motivation (i.e., a participant must be encouraged to act. By
focusing on the needs of the participants, an appealing presentation and goal-oriented
guidance, the participant can be motivated).

The application should be designed in such a way that patients gained better control
over their health condition, thus increasing user adherence, improving health status
and thus reducing healthcare costs. Immediate feedback on deviations in health
(fluctuations in weight, pressure, etc.) supported early intervention (dietary
adjustment, change of drugs, new exercise regimen, etc.).

Positive feedback

e Create a connection with something that users already know and like to use
(e.g. e-prescription).

e Present the application as an "extended hand of a doctor", the application
complements the contact with the doctor (does not replace it).

e The application should include doctor’s feedback for the tasks completed by
the patient (it can also be added automatically); then users will understand the
application as meaningful.

Negative feedback
e Lower confidence of older people in the electronic data form (deeper trust in
paper notes).
e When introducing the application to the public, attention should be paid to
possible misinformation, some users expressed uncertainty as to why such an
application was being created (“is there a risk of healthcare collapse?”).

4.7 Phase 3: Hand-on Experiments
4.7.1 Methodology of hands-on experiments

Introduction
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Hands-on experiments were performed in Phase 3 of the SHAPES Pilot Campaign to
collect feedback from end-users and evaluate the performance of the digital solution
in the actual pilot setting. The end-users were presented with the tools that have been
developed and improved during Phases 1 and 2. In order to ensure the solutions took
into account the feedback given in the previous phases, different types of evaluation
were carried out.

Aim

The aim was to train end-users to use a close-to-final version of the user-facing digital
solutions to be deployed in the pilot of UC-PT3-001c and UC-PT3-COPD, provide end-
users with the opportunity to challenge their functionalities and user-friendliness, and
provide feedback indicating what changes still needed to be made.

Overview

Hands-on experiments were conducted on-site while applying highest pandemic
precautions. If required by an increase in pandemic risk, the hands-on experiments
could have been also delivered remotely via the internal video consultation platform.
The same patrticipants from the group of patients and HCP from the previous testing
were invited to provide follow-up feedback regarding the updated version of the digital
solutions. End users were asked to conduct several tasks reflecting typical use case
scenarios like ordering medication or video -consultations and conducting
measurements.

Approval

All project activities were approved by the internal ethics committee together with the
hospital management. All involved patients/volunteers signed informed consent forms
and were exercising their free will to participate in the project activities.

Participants

Phase 3 hands-on experiments were conducted with two specific groups — patients
and healthcare professionals.

The first group of participants (patients) were identified through the University Hospital
Olomouc and were invited to the hospital premises.

The second group of participants were eligible HCP’s who were identified by
employees of the Czech National e-Health Centre (University Hospital Olomouc). The
cooperating doctors were involved in the development project activities.

Informed consent procedure

Target users
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Participants from the patient group were invited for an intensive workshop with the
developers and UX experts. General consent that was recommended by the SHAPES
consortium was used. Eligible individuals were provided with verbal
information/instruction explaining the background and purpose of the study and what
they could expect to happen if they agreed to participate. Those who agreed to take
part were given a consent form by a FNOL researcher.

Healthcare practitioners

Participants from the HCP group were recruited from hospital employees. Eligible
individuals were provided with verbal information/instruction explaining the
background and purpose of the study and what they could expect to happen if they
agreed to participate. Those who agreed to take part were given a consent form by a
FNOL researcher.

Informed consent for all participants was obtained on-site. Participant information
sheets and consent forms are available to view in Annex 50 and Annex 51.

Method

The technologies were presented as a functioning prototype of the FNOL digital
solution. A researcher guided the participant through a series of steps and tasks to
demonstrate the different functionalities of app and trained the participant on how to
use it. Instructions were presented verbally while the participant was at the hospital
premises.

The prototype was accessed by participants via a borrowed tablet.
The steps and tasks demonstrated included:

Assessing the colour perception

Accessing the prototype

Navigating to different features from ‘Dashboard’

Navigating to ‘Dashboard’ from within the App

View and enter measured biomedical signals (blood pressure, heart rate,
oxygen saturation etc.)

View medication list

7. View ‘daily to-do list’

a b wnhpeE

o

The pace of the session was determined by the participant. After the demonstrations
the participant was encouraged to use the app with the researcher still present and
available to ask questions and troubleshoot any issues.

There was a break to allow the participant to rest, process the information provided,
and familiarise themselves with the App. The user training manual (Annex 52) included
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an example task for the participant to complete, containing mock data for entering
readings into the App.

When the second session started, the participant was asked how they got on with
completing the tasks and if they had any questions or queries about using the App.
Feedback about the App was then collected as described below.

Collection of feedback

Feedback was collected at different time-points during Phase 3 using a variety of
different methods. Participant responses were analysed through the qualitative
analysis based on short transcriptions of interviews with the end users. The only
personal information collected was gender and age. A concurrent ‘think out loud’
approach was used to collect reactions to the app and identify any areas requiring
particular attention during the demonstration of the App and user training. The
participants were encouraged to verbalise their reactions, thoughts, feelings, and
opinions about the prototype throughout their engagement with the researchers. Notes
were taken by the researchers and the sessions were recorded to capture feedback
accurately.

The researcher dashboard was reviewed to check if set tasks were completed (and if
so, correctly) by the participants during the break between sessions when participants
were familiarising themselves with the App. This information was used to identify any
problem areas for using the app and discussed with participants later in the session.

When participants returned for the second session, they were firstly asked to complete
a short activity under observation, i.e., a moderated test. During the test, the
participant was asked to ‘think out loud’ and thereby point out ‘stumbling blocks’. Facial
expressions and movements of the user were observed and noted, and the observer
documented how often the participant asked for help and if there are specific points
where many users needed support. It was observed whether the buttons or items on
a touchscreen are considered to be used easily or not, and whether the response of
the app corresponded to what was expected by the user or not.

Participants were interviewed by the researcher to collect the participant’s experience
using the prototype. An interview schedule / topic guide was followed during the
interview but the researcher also referred to conversations and topics raised during
the sessions. Semi-structured questions explored users’ general feedback about the
app including:

Overall satisfaction
Ease of use
Design

Utility

Gender equality

e W e
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6. Quality of training
Data analysis

Interviews conducted with the group invited to the hospital premises were observed
not only by the direct interviewers, but also by other experts in a second room.
Therefore, it was possible to simultaneously write down notes and discuss possible
improvements in real-time. This enabled immediate testing of the improvements and
assessment of their appropriateness for use by an ageing population.

Completed reports and collated findings, including any recommendations, were
presented to technical experts responsible for the Medimonitor development
(designers, programmers etc.).

4.7.2 Results of the hands-on experiments

Overview of feedback

The Phase 3 hands-on experiments of the SHAPES FNOL user App for the PT3-001c
and PT3-COPD use cases was assessed using the feedback collected during
interviews with the participants. This feedback was assessed against the ISO
Standards for multimedia design (ISO 14915). General feedback was provided first
followed by specific feedback and recommendations for each mock-up screen.
Recommendations for the technical partners were provided for each screen.

Testing of the user App was conducted on the same respondents as in Phase 2. In
total, 5 respondents participated in the testing, 4 women and 1 man. This group
included patients and healthcare professionals. The Phase 3 hands-on experiment
with recruited participants was conducted on 14" October 2021. Tests were conducted
personally on-site while following elevated pandemic precautions. The whole testing
took place at the University Hospital Olomouc, Internal Cardiology Clinic. The
respondents were given the same tasks to perform sequentially:

1. Blood pressure measurement (measure the blood pressure, find the
measurement history).

2. Medical aid ordering (what aids are approved or rejected, order new medical
aids)

3. Connection with the doctor (it is time for a consultation with the doctor, make
a connection with the doctor)

4. Medication (take the medicine/ointment/drops, don't take medication, take the
medication later)
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After testing on the first 4 respondents, it was decided to modify the screens based on
the feedback and show the modified version to the last respondent. Mainly, the home
screen was redesigned, where tiles were created with less text (containing only the
section title and appropriate pictogram). The last respondent was given the same tasks
and had to choose a tablet (screen) to do it on. The respondent immediately chose
the tile option. Further testing involved testing the tile and signpost concept on a larger
sample of respondents.

After the evaluation of this first round of testing, there was a second round of testing
organised by psychology students. They focused on testing of colours and the position
of action buttons. In total, 33 respondents patrticipated in this second round and they
were usually family members of involved students.

Conclusions using ISO standard

1. Homepage

0 Vase dnesni aktivity

n Posledni dokonend ~
= NejbliEEl
1a:00 (3 valen vakitse > ]
- Only two main parts
.[.3 14:30 & Celkem 3 léky vaitléky > directly visible on the
— = ot el e home screen.
& _ ..
‘y 15:30 €} MEFeni krevniho tlaku Par“mpants are
16:00 & Celkem 6 Itk unaware, that there is
o a hidden text,
b . .
__ therefore, scrolling is
s necessary.
Video-konzultace s lékafem
Naplinovanié video-konzutace
Neurclogie - MUDr. Strosmajer .
Streda 1.11 ve 10:00 e
Diabetologie - MUDr. Sova
Vyplinit dotaznil 13
Parek 3,11 ve 10:00
Diabetologie - MUDr. Cefikova
Patek 17.11 ve 10:00
® o e
Moo ek na schvileni lékafem
& flen

Figure 15 Medimonitor homepage (PT3-001c/COPD)

Table 76: Recommendations for homepage (PT3-001c/COPD)
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a) Suitability for
the
communication
objective
Necessity of
scrolling on the
home page does
not seem to be
feasible for the
ageing
population. It
should be either
graphically well
interpreted that
the scrolling is
necessary or
even better it
should be
avoided
completely.

Recommendations
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b) Suitability for c) Suitability for d) Suitability for
perception and exploration user motivation
understanding

Currently the Necessity of Simplification of
application is not scrolling is not well the application
easily understood = communicated. An  while incorporating

at first glance. arrow or text more pictograms is
“show more” is needed. The
needed. current amount of
text is too

overwhelming.

1. First contact between the user and the application should be positive — the
application should be well-arranged and simple to navigate.

2