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RETENTION HYPOTHESISCLINICAL CASE

SOLUTION PROPOSED PROOF OF CONCEPT - VALIDATION

Heart Failure (HF) 
Chronic, progressive condition 

- high mortality (#%) 
- frequent hospitalisations 

- affecting severely the patients’ quality of life  

Assumptions 
- Remote monitoring can improve HF patient 

management,  
- Data analytics can support early detection of 

symptoms and produce personalised suggestions  

RETENTION platform
- Acquisition of clinical monitoring data 

- Recording of RWD 
- Secure data transfer & visualisation 

- Backend ML/AI enabled data analytics 
- Production of personalised suggestions

Randomised Clinical Trial (RCT) Study 
- 6 hospitals / 4 EU countries

- 450 patients 
- 3 patient subgroups (HF, LVAD, HTx)

- 18 months follow-up
- Results and validation of the hypothesis  

RETENTION in a nutshell
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Health Technology Research

e/m-health, health data analytics, health economics
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ICCS, FORTH, LSE

Partner profiles & roles

Technology, Business & Legal

cybersecurity, medical informatics, ML/AI, marketing, 
GDPR & ethics

STS, AEGIS, DM, i2G, 
SIESLR, EUNL

Medical Research & Healthcare 

cardiology, cardiothoracic surgery, heart transplantation

OCSC, SERMAS, UNIBO, 
NKUA, MHH 
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RETENTION Software Solution
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Patient Edge
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The Patient EDGE and the two components a) mobile 
application and b) the home gateway, offer continuous 
monitoring of patients and the collection of real-world 
and other data for these patients. 
• A set of components deployed at the patients’ 

environments, integrating smart home devices as 
well as medical devices on the patients themselves.

• at least 5 devices per patient. 
• The RETENTION mobile application is able to gather 

data and “push” them to the CSB
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Clinical side backend 
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The CSB dashboard offers the medical team the 
tools they need to administer, follow, and take 
“informed” decisions about their patients
• per hospital backend instances of the platform, 

responsible for patient data ingestion, local 
decision making, analytics & interventions, 
• A web application-visualization for the 

clinicians.
• databases
• A decision support system
• the execution of the RETENTION AI models
• All data are protected 
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Global Insights 
Cloud 
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The GIC functions as the main 
statistical and AI component, that 
will host the AI, policy making, 
and big data software 
mechanisms, offering the Data 
scientist, clinical expert, or 
healthcare policy maker, the tools 
to take “good” the necessary 
decisions about Heart Failure 
disease management.
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RETENTION Dashboard (HCP view)
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RETENTION App (Patient view)
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Software Development lifecycle
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Developer

Developer

Developer

Central 

Development
Staging 

environment

CSB1 Production 

environment

Unit tests Integration tests Quality Assurance tests

Developer’s access

Integrator’s access

Real 

data

Logs
anonymized

Integrator

logslogs

Fake dataFake data

Elastic
CSB1 logs

(Anonymous)

CSB2 Production 

environment

Real data

Logs
anonymized

CSB_N Production 

environment

Real data

Logs
anonymized

Elastic
CSB2 logs

(Anonymous) Elastic
CSB N logs

(Anonymous)
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Platform problems’ discussion

1

REPORT

Healthcare team: report 
issues to basecamp
Patients: report to 
clinical site (1st level 
support by technicians)

3

FIXES

1. Reproduce the error 
2. provide fix
3. Test the fix

2

REPRODUCE

Export anonymized logs 
from the production to 

the development 
environment

4
UPDATE

Updated version is 
provided to the 

integrator who is 
responsible to deploy it 

at the CSB
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Smart Bear aim

The development of an innovative platform to support the healthy and independent living of 

elderly people with the following conditions: Hearing Loss, Cardio Vascular Diseases, 

Cognitive Impairments, Mental Health Issues, Balance Disorders, and Frailty

The platform support interventions on:

▪ lifestyle

▪ medically-significant risk factors, and

▪ chronic disease management

The platform is based on or integrates:

▪ medical sensing off-the-shelf devices

▪ big data analytic capabilities (data management and analytics)

▪ security and privacy preserving, and security assurance  

mechanisms

5 Large-Scale Pilots
France, Greece, Italy, Portugal and 

Romania



Biomedical Informatics 16

CLINICAL OBJECTIVES

Reducing morbidity
through

Active monitoring 
of vital, behavioral 
and environmental 

parameters

Integrated care

Improving quality of 
life through

Active prevention 
through proactive 

lifestyle and 
wellbeing activities

Support at home

5 countries 5 years
> 4000

EU citizens

≥ 2 comorbidities

Montreal Cognitive Assessment (score > 18) 

Health Utility Index (HUI3, score = 1-4)

≥ 65 yo
males and 
females



The 
SMART BEAR 

ecosystem

in a nutshell

Smart Bear Devices

CVDs MCI & Frailty Hearing Loss Balance   Low back pain

SMART BEAR Platform

Low back pain

Smart4Health

Hearing Loss Balance CVDs MCI & Frailty

Mild depression

All participants

Medical history and examination
by Smart Bear Clinicians

Madeira 
Regional

Health System
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SmartBear Architecture

Product

Production

Integration 
tests

Staging

Dev teams – 
unit tests

Developmen
t

5 
countries

6 
conditions

4000 
patients
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SmartBear - Data collection tools at patient edge
• HomeHub

 Raspberry PI

 Humidity and temperature sensor

 Smart bulb

• SB@App: A mobile app.
 Smart watch

 Smart blood pressure monitoring

 Smart scale

 Smart oximeter

 …

 Cognitive games

 Questionnaires

 Medication management

 Reminders

19

17 devices integrated 
> 160 Data Measurements

~5K active devices
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SB@Cloud
The SB@Cloud offers the medical team the tools they need to administer, 
follow, and take “informed” decisions about their patients.

SB@Cloud is responsible for patient data ingestion, local decision making, 
analytics & interventions. 

20

•fhir

•non-fhir

•Execution of 
the AI models

•Decision 
support 
system

•Web 
application for 
the healthcare 
team

Dash
board

DSS

DBsBDA

~6M assessments
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CardioCare Project
 CARDIOCARE - An interdisciplinary approach for the management of the elderly multimorbid patient with breast 

cancer therapy induced cardiac toxicity

 Improve early detection and management of cardiotoxicity in the elderly breast cancer patient

 Provide innovative patient-oriented tools and mHealth based supportive interventions to better monitor and improve 
intrinsic(mental and physical) capacity and QoL in these patients.

 An eHealth mobile application (ePsycHeart) was designed and developed to support the user-friendly collection of data 
and the monitoring of patients’ intrinsic capacity and QoL

 Continuous monitoring of specific aspects of intrinsic capacity (the composite of all physical and mental 
abilities an individual can draw on at any point in time, serving as a key indicator for healthy aging):

 mobility and locomotion (activity, distance, gait speed, balance, falls)

 vitality status (ECG, HRV, exercise, energy (calories burned) state, sleep overview/ fatigue, grip strength)
 Wearable sensors and mobile devices:

 Heart Rate Chest Sensor

 Smart Watch 

 Hand grip electronic dynamometer

 Mobile phone
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Mobile App Data Flow
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ePsyHeart modules



Biomedical Informatics

Urinary Incontinence 
Events List

• Prompted voiding: A functionality to remind the 

patient to use the toilet and also to keep track if the 

patient used successfully or not the toilet.

• Add Urination event

• Available 6 pelvic floor exercises

• Reminders for the pelvic floor exercises

• Urinary incontinence in patients undergoing breast 

cancer therapy, particularly those with treatment-

induced cardiac toxicity, is a common issue due to 

weakened pelvic muscles and side effects from 

medications or therapies. This condition can 

significantly impact their QoL.

Add Urination

Event

Pelvic Floor

Exercise
Reminders

Prompted

VoidingHome screen
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Questionnaires
Questionnaires

 List

Questionnaire 

Description
Questions

Questionnaire 

Periods

Questionnaire 

History• Questionnaires: A 

functionality for the 

patient to answer to 

questionnaires in specific 

periods, in order to give 

information about their 

condition during the 

treatment periods.

• Patient can answer 

specific questionnaires 

during specific periods. 

The questionnaires are 

available for 2 days for 

every period.
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Nutrition Questionnaire
Home screen

Questionnaire 

Answers

Questionnaire 

Start
QuestionsQuestionnaire 

List• Nutrition Questionnaires: A 

functionality for the patient to 

answer to questionnaires in 

specific periods, in order to 

give information about 

nutritional habits during the 

treatment periods.

• Patient can answer the 

nutrition questionnaire during 

specific periods. The 

questionnaires are available 

for 2 days for every period.
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Physical Activity Module 

➢ It is possible to hide/show one or more metrics by 
clicking on their legend label.

• Daily Activity Goals: A bar chart presenting the daily activity goals and their completion rate, as recorded by the 

smartwatch.

• Weekly Activity Data: A line chart presenting the weekly activity smartwatch data (steps, distance, calories, 

duration of physical activity). 

• Weekly Sleep Data: A bar chart presenting weekly sleep duration, as recorded by the smartwatch.
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Fall Detection
• Fall Detection: A functionality of 

the mobile to record data from 

gyroscope and accelerometer in 

background. Those data are used 

in order to detect possible falls of 

the patients.

• This recording can be optionally 

disabled if the patient doesn’t 

wish to have their data recorded.

• If a fall is detected, an alert will 

sound and a countdown will 

begin. If the patient clicks the 

check button, it signifies he is 

fine, and the alarm will be turned 

off. Otherwise, a notification will 

be sent to the server within 20 

seconds for a verified fall.

Training Video 

• Video List: A functionality to give the patients the 

ability to watch training videos in order to improve 

their balance and strength.
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Expressive Writing
● Expressive Writing: 

Patients express their 

deepest feelings, thoughts 

and experiences using 

free text.

● Free text form with 

instructions, date, timer 

and word counter

● Feedback

● Available reminders

Expressive 

Writing Form

Expressive Writing 

Feedback
Reminders
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Best Possible Self
● Best Possible Self: 

Patients describe how 

they imagine themselves 

in the future in the best 

possible version of them 

using free text

● Free text form with 

instructions, date, timer 

and word counter

● Feedback

● Available reminders

Best Possible Self 

Form

Best Possible Self 

Feedback
Reminders
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ABCDE
● ABCDE: Patients recall an 

adverse event and explain 

the causes for that and 

related consequences, 

dispute them and reflect on 

their influences on emotions 

and behaviors using free 

text

● 5 free text forms with 

instructions, date, timer and 

word counter

● Feedback

● Available reminders

ABCDE Forms ABCDE Feedback Reminders
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Cognitive Simulation Games

● Tic Tac Toe

● Drawing

● Color Beans

● Find the Word 
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Vission Assessment
 Evaluate the patients' 

ability to see fine 
details and recognize 
letters.

 Simulates the 
equivalent 
opthalmologist test in 
digital form



Biomedical Informatics

Hand Grip Session
 Overall muscle strength

 Patients record their 
strength by using the 
dynamometer (Hand 
Grip)
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Hearing Assessment
 Evaluate the patients' 

ability to perceive specific 
tones and sound levels at 
various decibels.

 Presents sounds using 
various frequencies and 
volumes
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Wellbeing – Biofeedback
 Biofeedback 

exercises helps 
patient reach an 
optimal heart rate 
by modulating 
breathing pace
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Cardio Recording Session
 Monitors your 

cardiac functionality 
such as heart rate 
when the Polar belt is 
on
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Education & Training
 Education & Training: 

acts as the information 
hub for Breast Cancer 
related material in the 
form of articles and 
training videos.
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MyPal
 Fostering Palliative Care of Adults and Children 

with Cancer through Advanced Patient Reported 
Outcome Systems

 MyPal aims to foster early palliative care for cancer 
patients by leveraging patient reported outcome 
(PRO)

 to empower cancer patients and their caregivers in 
capturing more accurately their 
symptoms/conditions, communicate them with a 
seamless and effective way to their healthcare 
providers
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MyPal Architecture
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HCP tool

A: The aggregated dashboard, B: The individual dashboard, C: Notifications, D: The discussion tool
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Mobile app for Adults (questionnaires)
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Mobile app for children 



Biomedical Informatics

Conversational Agent

 Collected voice recordings

 Manually transcribed voice recordings to text

 Anonymized text documents

 Translated Greek conversations to English

 Trained an English language model

 Implemented a mobile application for the conversational agent

 Implemented an API to connect the language model with the mobile 
application of the CA
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