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1.1

Summary

Deliverable 4.B – Publishable Deliverable 4

Dear Reader,
Thanks for your interest in HeartCycle
This is the first public report from the HeartCycle consortium. In this report (public version of
HeartCycle Deliverable 4) we give an overview on the current status on both, application and
technology development. Our approach to further develop and enrich the HeartCycle disease
management solution for Heart failure (HF) and Coronary Artery Disease (CAD) patients is based on
interviews and workshops with patients and medical professionals to test and validate the HeartCycle
concepts.
Technologies we intend to use for fulfilling the requirements for the HeartCycle system are introduced
in this report. Workpackage 2 (WP2) provides a list of categories helping to identify and select sensor
candidates for home monitoring and respective requirements. Workpackage 3 (WP3) “Multiparametric Analysis and Decision Support” deals with the decision support system (DSS) in the
HeartCycle project integrated with the patient (WP4) and professional (WP5) platforms. This DSS
goes beyond the standard available today, which typically concerns systems helping the professional
in following fixed guidelines. In this report we concentrate mainly on the methodology to access the
CV risk and CV status. WP4, the patient loop is the workpackage to model, design, and develop the
patient platform, which will provide the users with a system to self-manage their health status and to
educate them to adopt a healthy lifestyle. Motivation will play a crucial role for addressing the
compliance. The patient platform will enable the integration among all actors and modules of the
complete architecture, gathering all information from the sensors, monitor the health status, provide
feedback to the patient, and enable the communication with the professional platform. In this report, a
special focus on the HeartCycle approaches on modelling, motivation, use cases and context
awareness is presented. WP5 provides the technological means that enables integration of the
HeartCycle system inside existing healthcare systems, by facilitating the tools for personalised
management of chronic diseases and risk conditions. In this report, Personal disease management
systems (PDM) are introduced. A general overview of the problems addressed by PDMs is given,
providing some examples in real medical environments. The roles associated to care givers are
outlined and the tasks related to each of them are listed. Finally, a state-of-art in Heart Failure
programs with and without connected measurement devices can be found. Additionally, a reference
architecture for Personal Disease Management systems proposed by the Continua Health Alliance is
described.
For more information, questions, or remarks please visit our website or contact me directly.

Harald Reiter
HeartCycle Project Manager
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General Introduction to HeartCycle

This public document comprises the publishable progress and findings of the research within the
Integrated Project FP7-216695 HeartCycle Compliance and effectiveness in HF and CAD closed-loop
management

1.2.1 Contractors
The following table shows all Partners involved in the ICT-2008-216695 HeartCycle.
Benefi
ciary
no.

Beneficiary organisation name

1
2

Beneficiary
short name

Country

Philips Technologie GmbH Forschungslaboratorien Aachen

Philips D

DE

Medtronic Iberica SA

Medtronic

ES

3

Philips Electronics Nederland B.V.

Philips NL

NL

4

T-Systems ITC Iberia SA

T-Systems

ES

5

Fundación Vodafone España

FVE

ES

6

Clothing Plus Oy

Clothing+

FI

7

empirica Gesellschaft für Kommunikations und Technologieforschung mbH

empirica

DE

8

Instituto de Aplicaciones de las Tecnologias de la Informacion y de las
Comunicaciones Avanzadas

ITACA

ES

9

CSEM Centre Suisse D'electronique Et De Microtechnique Sa - Recherche Et
Developpement

CSEM

CH

10

Valtion Teknillinen Tutkimuskeskus

VTT

FI

11

Aristotle University of Thessaloniki

AUTH

GR

12

Faculdade Ciencias e Tecnologia da Universidade de Coimbra

FCTUC

PT

13

Politecnico Di Milano - Dipartimento di Bioingegneria

POLIMI

IT

14

Rheinisch Westfälische Technische Hochschule Aachen

RWTH

DE

15

Universidad Politecnica de Madrid

UPM

ES

16

Hospital Universitario Clinico San Carlos

HCSC

ES

17

University of Hull

UHull

GB

18

The Chinese Univerity of Hong Kong

CUHK

CN

Table 1: Partners in the HeartCycle Project
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1.2.2 Coordinator contact details
The following table shows the contact details of the Project Coordinator.
Project Coordinator – Project Manager
Harald Reiter
Name
Partner

Philips Research Labs Aachen

Address
Phone

Weisshausstrasse 2
D-52066 Aachen Germany
+49 241 6003 246

Fax

+49 241 6003 518

E-mail

Harald.Reiter@philips.com

Table 2 Coordinator contact details

1.2.3 Public Project Website
The Public Project Website can be found on:
http://www.HeartCycle.eu

1.2.4 Objectives and Results
1.2.4.1

Project Objectives

HeartCycle will provide a closed-loop disease management solution being able to serve both HF
patients and CHD patients, including possible co-morbidities hypertension, diabetes, and arrhythmias.
This will be achieved by multi-parametric monitoring and analysis of vital signs and other
measurements. Adverse event alarms will be generated for immediate professional attention and an
automated decision support system will derive therapy recommendations from the information
acquired. Vital body signs will be used to track health status and the impact of the current treatment,
showing the patient the importance of adherence to the treatment, motivating improved treatment
adherence, and a more active role in his care. The regular measurement of vital signs will enable
early diagnosis and warning of developing problems. Furthermore, it will allow closer monitoring of the
effects of medication and lifestyle, making more personalised treatment plans possible. The system
will contain a patient loop interacting directly with the patient to support the daily treatment. It will
show the health development, including treatment adherence and effectiveness. Being motivated,
compliance will increase, and health will improve. The system will also contain a professional loop
involving medical professionals, e.g. alerting to revisit the care plan. The patient loop is connected
with hospital information systems, to ensure optimal and personalised care.
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Fig. 1 The closed-loop management approach, consisting of two loops

1.2.4.2

Project structure

HeartCycle has divided the tasks to nine workpackages WP1-WP9:

WP1 – Application Concept Design and Business Development
WP1 defines and manages the two target applications, heart failure and coronary heart disease and
guarantees that all application aspects are based on clinical excellence and the medical expert
knowledge. This is not a technical WP, but it will collect the expert knowledge and make it accessibly
for developing the technical solutions in the areas of application design, medical expertise, business
expertise and technology interface. WP1 will be a Work Package throughout the course of the whole
project with different strategic tasks in the progression of the project work.

WP2 – Sensors and Parameter Extraction
The Sensors and Parameter Extraction Work Package will provide the hardware and software that will
be used for sensing and extracting the features for the patient and professional loops, addressing the
requirements from the application (WP1). The Work Package will provide sensors for physiological
signals, for ambient and context awareness, for biochemical markers as well as stationary sensing
devices. Physiological signals will be measured using textile and wearable sensors, based on
MyHeart and other EU projects outcome and experience. The Work Package will also provide new
sensing technology for very important parameters such as blood pressure, oximetry, non-contact
electrocardiogram and mechanic heart function, advanced artefact removal, pulmonary arterial
pressure (PAP). Some of the developed sensors will be prototyped for the validation, while advanced
research will be pursued for more challenging sensors, in parallel to the validation.

WP3 – Multi-parametric Analysis and Decision Support
WP3 develops the models to derive medication and lifestyle effectiveness and a compliance indicator
from the multitude of vital parameters measured, including the context information, which in
combination reflect the current patient health status. The appropriate choice of parameters as well as
their combination for the purpose of the effectiveness analysis will be carried out within this Work
Version 1.0
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Package, which will also derive the conclusions/decision support from the parameter analysis, for use
in the patient closed-loop system and in the professional system.

WP4 – Patient Loop
This Work Package models, designs and develops the patient platform, which will provide the user
with a system to self-manage their health status and to educate them to adopt a healthy lifestyle. The
system will be personalised for real users, adjusting the protocols to their personal daily routine
according to their capabilities and needs. Furthermore, motivation will play a crucial role for
addressing the compliance. The patient platform will enable the integration among all actors and
modules of the complete architecture, gathering all information from the sensors, monitor the health
status, provide feedback to the patient, and enable the communication with the professional platform.

WP5 – Professional Loop
WP5 develops a scalable open standard technological platform, i.e. the “e-ICCM “(Innovative Chronic
Condition Management), which enables the implementation and time to market deployment of remote
management services (such as the ones defined and specified in WP1), developing standard based
interfaces with electronic medical records. WP5 provides the technological means that enables
integration of the HeartCycle system inside existing healthcare systems, by facilitating the tools for
personalised management of chronic diseases and risk conditions.

WP6 – Validation
This Work Package aims to prove the effectiveness of the solution offered by HeartCycle in improving
the adherence of patients to lifestyle and medication recommendations and the benefit that the
improved adherence has on the course of the disease, exemplarily for CHF and/or CHD. This
includes an identification of the relevant parameters both for assessing lifestyle, compliance factors
and for assessing the health status of the patients. It also includes usability tests on single modules
and novel components as well as for the whole system. Validation will be a Work Package throughout
the course of the whole project with different focal points in the progression of the project work. The
last phase of the project will consist of a large validation study to provide the clinical evidence to the
benefits of the platform in disease management and in adherence outcome.

WP7 – Knowledge Management
WP7 will account for the management of all knowledge related to the project in all aspects, including
providing visibility of the project to the public. This concerns the management of knowledge going into
the project, created within the project, as well as going out of the project. The subjects that will be
dealt with are the Dissemination of project results and project knowledge, the management and
planning of Exploitation of project knowledge and results, the contribution to Standardisation in the
field and the protection of the Intellectual Property.

WP8 – Project Management
The WP on Project Management deals with the coordination and management of the project and the
consortium as a whole in all aspects and comprises the implementation of the management
processes. WP8 is in charge of the overall coordination of the Work Packages 1, including overall
technical progress monitoring and quality assurance. Moreover, WP8 is responsible for the
management of communication between all stakeholders, amongst others for the communication with
the European Commission.

WP9 – Socio-economic monitoring and concertation activities
WP9 will support the business development process through analyses of the clinical and
organisational outcomes from an economic perspective, i.e. assessment of the socio-economic

1

The coordination of the technical work is included in the RTD tasks of the technical Work Packages.
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impact of the application to individual stakeholders and to society at large. WP9 will be closely related
to WP1 and WP6
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Overview on technical specification and used technologies

The major goal of the first months has been to identify the relevant set of medical and technical
requirements that act now as starting point for developing the specifications for the different
workpackages and the overall architecture. Investigating and agreeing on requirements facilitated the
project planning and allowed to create a detailed work breakdown and a distribution of
responsibilities.

1.3.1 WP1
1.3.1.1

Workshop methodology

In the HeartCycle DOW and the HeartCycle deliverable D2.1, the two concepts for the patient groups
Heart failure (HF) and Coronary Artery Disease (CAD) were outlined in broad terms and initial
requirements formulated. Although the viability of CAD and HF telemonitoring was not in question,
several of the innovative ideas formulated in the DOW need to be confronted with the needs and
opinions of the actual users of the system, i.e. patients and professional users (nurses and
physicians). This approach is intended to prevent that HeartCycle develops solutions that only reflect
a technology push, but not a need from users.
The patient workshop was the first in a series of 4 workshops that are used to define the two concepts
of the HeartCycle project:
−

Patient workshop: Needs and requirements of patients

−

Professional workshop: Needs and requirements of nurses and physicians

−

Concept enrichment workshop: Deepen the insights gained in the previous workshop,
finalize the requirements and start specification of the HeartCycle system

−

Business workshop: How could the HeartCycle system be taken up by the healthcare
system?
For the workshops, an established methodology developed by Philips Design in context of the
MyHeart project is used.
1.3.1.2

Workshop preparation and interviews

To prepare the workshop and get first-hand feedback from patients on the concept, structured patient
interviews were conducted. For the heart failure concept, in total 15 heart failure patients were
interviewed; 5 each at the clinical partner sites in Hull, Madrid and Aachen. The patients from Hull
included those who were already actively using telemonitoring.
For the CAD concept, in total 11 patients were interviewed, 6 at the university hospital in Aachen and
5 at the partner hospital in Madrid. Three of the six German interviewees had followed an ambulatory
or clinical rehabilitation programme in the past.
The interviews followed the schedule shown below.

Section
Introduction
Insights
Storyboard

End-user
Subject
Setting the scene – 5 min.
General questions – 10 min.
5 minutes for each insight
Reading – 10 min.
Questionnaire – 15 min.

Conclusion
Closure
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30 min
25 min.
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Total time

85-90 min.

The storyboard showed a sketch of the concept in non-technical terms.

1.3.1.3
1.3.1.3.1

Heart Failure Concept
Patient population

HF patients are not a homogeneous group. They differ in terms of age, NYHA class, co-morbidities,
life situation etc. The target population for the HeartCycle heart failure concept are patients above the
age of 65, which are symptomatic (NYHA class II-IV) have left ventricular systolic dysfunction and are
not expert users of computer technology.
To illustrate the large variations between patients, two examples from the interviews at the Aachen
hospital are quoted:
Patient 1
“The 84-year-old patient has CHF with 6 hospitalizations in the last year. She also has AF, renal
dysfunction and misses one half of her lung. She lives alone since her husband died 2 years ago. She
still drives a car and slowly goes for walks in her village. A home care service comes every morning to
help her dress. In case that she does not feel well she calls her daughter, which lives close by.
The patient feels that she generally follows the doctor’s advice. However, she does not see her
treating GP too often and has the impression that her treatment is sometimes not based on enough
knowledge about her body. She is very open towards new technologies and would embrace
telemonitoring immediately if available.
The patient would have liked to participate in a disease management program for HF and was offered
so by her doctor. She had to decline, since she lives in a rural area and participation would have
meant travelling to Aachen frequently.
Now she is dependent on her GP, which she already changed twice, one for being too distant and
once for having to wait too long.”
Patient 2
“The 69 year old patient suffers from arrhythmias (AF) since 7-8 years and was diagnosed to have
heart failure. Since April 07 he has an ICD. He has central apnoea and sleeps with a CPAP device.
He has type II diabetes, takes a number of different drugs and sees his treating GP every 2 weeks for
taking the quick value to adjust his Macumar dose. He experiences no symptoms such as dyspnoea,
or fatigue. Every 6 month he sees his cardiologist. On a day to day basis, his wife is takes care of his
health. The patient has a blood pressure measurement device at home, but does not use it regularly.
He has an active life and tries to keep a healthy diet. He does not like to think about his disease and
tries to keep a positive mindset.”
To understand the differing life situations of the patients better, the patient interviews were reviewed
throughout the first day of the patient workshop, which set the stage for the following analysis.
1.3.1.3.2

Stages of heart failure and usage of a telemonitoring system

Heart failure is not a stable chronic disease but leads to a deterioration of the patient’s health status
(see Figure 1)
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Figure 1: The yellow curve shows the disease progression of heart failure. Following a first diagnosis
and discharge after hospitalization for acute decompensation, patients undergo a process of
progressive deterioration. The HeartCycle heart failure concept aims at introduction of the system at
discharge from the hospital, support in the post-discharge phase and early detection of
decompensation, leading to an avoidance of hospitalization and a slower disease progression (green
curve)
At the first episode of acute decompensated heart failure, which is for 70% of the patients also the
time they get diagnosed with the condition, patients get acute treatment in the hospital. This treatment
focuses on extracting the excess water from the patient’s body through the use of diuretics and on
managing the patient’s disease through medication. After discharge, the patient often undergoes a
phase where the right medication dosage has to be found. Starting from low dosages, the drugs are
up titrated over several weeks. After hospitalization for acute decompensated heart failure, the
patients motivation to comply to treatment is particularly high, which is generally true for heart failure
patients compared to other chronic diseases, due to the poor condition most patients are in.
After up-titration of medication, the patient then undergoes a stable phase until the condition worsens
and he is hospitalized for acute decompensated heart failure again. Typically patients are in NYHA
class IV when admitted to the hospital and leave it in a state of NYHA class II (sometimes III).
Every decompensation that the patient had leaves irreparable damages to the heart and leads to a
higher chance of a subsequent hospitalizations (see Table 3).
Table 3: Probability for hospitalization for CHF depending on the number of previous
episodes. From T E Delea et al, Am J Cardiol 1999;83:890-896.
Event
Death when not hospitalized for CHF
Death when hospitalized for CHF

Probability (monthly)
0.007
0.203

Hospitalization when no previous CHF hospitalization
Hospitalization when 1 previous CHF hospitalization
Hospitalization when 2 previous CHF hospitalization

0.008
0.052
0.106

Hospitalization when 2 previous CHF hospitalization
Hospitalization when 4 previous CHF hospitalization

0.121
0.180

This downward spiral leads to a high mortality of heart failure patients (see Figure 2).
The timing and duration of the terminal phase of heart failure is hard to predict. In contrast to cancer
patients, heart failure patients often do not have the time to prepare for the end of their life. Palliative
care for the patient in the terminal phase of the disease is not in scope of the HeartCycle project.
Version 1.0
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Figure 2: The survival probability of heart failure patients is far lower than that for myocardial
infarction or many cancers (data from Scottish heart failure register).
To prevent the downward spiral of heart failure, the patient needs to be kept stable and
hospitalizations have to be prevented. Statistics suggest that 50% of hospitalizations are preventable.
The main cause for preventable hospitalizations is non-adherence of patients to the medical
regimen 2. Since 70% of the cost for heart failure are accounted to hospitalizations, there is also a
strong health economic rationale to try to prevent those and to minimize the number of preventable
hospitalizations, especially those related to non-adherence.

1.3.1.3.3

Touch points of telemonitoring systems with heart failure patients

The use of a telemedicine system could potentially slow down this disease progression. The system
would be introduced after discharge from hospitalization for acute decompensated heart failure.
Ideally, the patient should stay being monitored for the rest of his/her life. However, this might not be
feasible due to cost reasons, which means that many telemonitoring systems get withdrawn
nowadays sixty days after discharge or after 6 months, provided that no hospitalization for acute
decompensated heart failure leads to a prolongation of the monitoring time.
1.3.1.3.3.1

Touch point: Discharge from hospital

Most patients (about 70%) get diagnosed with heart failure when hospitalized for acute
decompensated heart failure. In the hospital, patients get acute treatment, especially with diuretics,
which extract the excess water from their body. After discharge from the hospital, especially newly
diagnosed patients will undergo an up-titration phase where the medication dosage is adapted. This
post-discharge phase is one important point in the course of the disease where close telemonitoring
of the patient’s condition could be beneficial and where the HeartCycle heart failure concept will focus
on. In this phase information and education for the patient on his new disease situation as well as
close monitoring are necessary. For the professional, information on symptoms and vital signs on a
daily basis can help to keep the patient in a stable condition and to take informed decisions on uptitrating drug dosages for the patient.

2

A Michalsen et al, Heart. 1998 November; 80(5): 437–441
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Touch point: Early warning for decompensation

Having reached the target dosage, the patient will typically undergo a phase of stability, until the first
signs of the next decompensation occur. At this point, early detection of decompensation would be
vital to intervene early and prevent hospitalization through an adaptation of medication dosage
(especially diuretics), salt and fluid restriction as well as close monitoring of the patient in an
outpatient setting. The timely intervention on early warning signs for decompensation is a second
phase in the course of the disease that the HeartCycle heart failure concept will focus on.

1.3.1.4
1.3.1.4.1

Coronary Artery Disease Concept
Patient population

CAD patients are not a homogeneous group. They differ in terms of age (for example, the age range
of the patients interviewed at the Aachen hospital was 45-76 years of age), co-morbidities, life
situation etc. The incidence of co-morbidities usually increases with age. To illustrate this statistical
fact, two examples from the interviews at the Aachen hospital are quoted:
Patient 1
The 57-year old male patient has had a myocardial infarction (MI) with ventricular fibrillation in 2002.
He had to be reanimated, spent one week in a coma and had a defibrillator implanted. He has no comorbidities. He did not participate in a rehabilitation programme afterwards because he owns a
company with 25 employees that he could not leave alone for several weeks. His job is very timeconsuming. He lives alone with his dog.
The patient describes himself as compliant with respect to medication therapy, but reported nonadherence to several lifestyle components of his therapy; e.g. he still smokes and did not change his
eating behaviour despite his high cholesterol level.
He is open towards new technologies as long as he sees a benefit for him. Currently, he does not
monitor his health at home, except for his weight. He visits his GP regularly in order to get his
medications prescribed and is supposed to visit his cardiologist very 2-3 months for a check-up. But
as he did not see his cardiologist during the last 1 ½ years, some problems seem to have
accumulated and he had to be hospitalised.
Patient 2
The 76-year old male patient has had his first MI during the 1960s and a second event more recently.
He did not notice the latter; it has been detected accidentally during a medical check-up. A stent has
been inserted into his coronary arteries and it was currently under investigation whether he also
needs a pacemaker or not. After his first MI, no rehabilitation programme was offered to him, but now
after the second event he would like to participate in such a programme. Besides his heart problems,
the patient also suffers from silicosis (he used to work as a miner), diabetes and orthopaedic
problems (he needs a walking stick). His most prominent problem is the dyspnoea resulting from his
silicosis.
The patient lives alone in his apartment, but his sister and her family live in the same house and his
children and their families live nearby in walking distance (5 minutes). He has a good network of
informal care network: his nephew is a trained paramedic and can help him with medical questions,
his daughter cooks for him and his daughter-in-law cleans his apartment. Besides spending most of
his time in his children’s families, he likes to go to his caravan on a camping site in Belgium.
The patient checks his blood pressure twice daily and his blood sugar level three times a day at
home. He said that he misses physical activity that he cannot do any more because of the dyspnoea
and the orthopaedic problems. He sees his GP regularly every three months for a check-up (including
blood tests).
He is rather not open for new technologies because he already has several medical devices at home
– a blood glucose meter for monitoring his diabetes and two oxygen devices (one for use at home
and one for use on the move) for treating the symptoms of his silicosis. Furthermore, he has an
emergency system on his bedside table since his wife died about 10 years ago.
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To understand the differing life situations of the patients better, the patient interviews were reviewed
throughout the first day of the patient workshop, which set the stage for the following analysis.

1.3.1.4.2

Stages of CAD and usage of the system

After the first myocardial infarction (MI), patients receive acute treatment in hospital. Typically, this
includes antithrombotic and antiplatelet therapy and / or a percutaneous coronary intervention (PCI).
The latter often includes stent implantation which helps to reduce the threat of abrupt closure or restenosis. Depending on the country / healthcare system, the period of hospitalisation ranges from 45 days (UK) up to 1-2 weeks (Germany). During this period, the medication regimen is initiated and
also the education as well as the re-mobilisation of the patient are started. During the hospitalisation
phase the patient’s motivation to comply to treatment is particularly high as the memory of the cardiac
event is still fresh. However it can decrease a little towards the end of the stay in hospital when the
patient is getting better.
After discharge, ideally a cardiac rehabilitation programme should start as soon as possible. The
availability and the realisation of cardiac rehabilitation programmes differ largely between the
healthcare systems of the different countries. For example in Spain, cardiac rehabilitation after an MI
is only available for about 10% of all patients. In Germany, patients are usually offered a 3-week
cardiac rehabilitation programme, that can be extended to 4 weeks if necessary. Most often, such
programmes are carried out in specialised rehabilitation clinics. To a lesser extent, cardiac
rehabilitation programmes are also available in outpatient clinics. In the UK, 6-12-week cardiac
rehabilitation programmes with nurse support are available. The patient follows a programme
described in a manual while living his normal daily life at home. Every 1-2 weeks a trained
rehabilitation nurse visits him at home and evaluates the progress, discusses problems, motivates
him and supports him with further therapy measures. After discharge, the patient’s motivation to
comply to treatment usually increases again. This may be due to the fact that the patient experiences
some limitations in his normal daily life at home and feels insecure about the changes that are now
required in his life(style). Participation in a cardiac rehabilitation programme usually also has a
positive effect on the patient’s motivation to follow the treatment.
After a period of several weeks to months usually a stable state is reached. The patient no longer has
symptoms, appropriate dosages for the different medications have been found and ideally the patient
has adopted a healthier lifestyle. In the best possible scenario, this stable state can be kept for years
and the patient does not have any further cardiac event in his life. However, the experience that the
cardiac condition can be kept well under control by medication and that there are no symptoms can
make patients less compliant with their medication and especially their lifestyle regimen. Therefore, a
considerable percentage of patients is likely to experience a second myocardial infarction. A history of
a previous MI already increases the risk for cardiovascular morbidity and mortality. The presence of
diabetes as a co-morbidity increases the probability of another – fatal or non-fatal – event even further
(see Table 4)

Table 4: History of MI increases risk for cardiovascular morbidity and mortality in a 7-year follow-up
(Haffner et al. NEJM 1998, 339:229-34)

From the discussions with the medical professionals at the workshop the conclusion was drawn that
the HeartCycle CAD management solution should be preferably targeted at the first 6-12 months after
the cardiac event. With respect to complications such as arrhythmias or even secondary events, this
Version 1.0
26/08/2008
Final

Page 14 of 86

FP7-216695 – HeartCycle

Deliverable 4.B – Publishable Deliverable 4

is a high-risk period. Furthermore, this is the period during which the patient needs most support
regarding lifestyle changes but as well in terms of reassurance.
1.3.1.4.3

Touchpoints and related key needs / interaction qualities

In general, the proposed system should focus on a period of max. 1 year after the MI depending on
the status of the patient. This is a vulnerable period where complications occur most frequently and
where the patient needs most support because of this new life situation.
1.3.1.4.3.1

Touchpoint 1: In hospital (after the acute event) – Introducing the system

The proposed system should already be introduced to the patient during his stay in hospital after the
acute event by the medical professionals he knows and trusts, so that he learns that using the system
is important for him and gains trust in the system.
1.3.1.4.3.2

Touchpoint 2: During rehabilitation – Training

The rehabilitation phase offers the opportunity for a more detailed and thorough introduction of
HeartCycle system to the patient. During this phase there is still a high degree of professional support
available (either by the professionals of the inpatient or outpatient rehabilitation clinic in Germany or
by the rehabilitation nurses in the UK), so that questions or problems on the patient’s side can be
dealt with effectively. The rehabilitation phase is generally used for an intensive education programme
on the disease, the risk factors and the treatment. As for the latter aspect, there usually is a strong
focus on lifestyle changes. The proposed HeartCycle system can support this education programme,
so that the patient is able to repeat the content on his own whenever he likes to. By means of the
regular measurements and the feedback that is given the HeartCycle system can visualise the
progress and help the patient to feel reassured.
1.3.1.4.3.3

Touchpoint 3: Long-term support at home

Touchpoint 3 refers to the phase after rehabilitation where the patient continues his treatment
programme on his own without professional support. In this phase the HeartCycle system should help
patients to help themselves and help them to set progressive but realistic goals with respect to
lifestyle changes. This progressive goal-setting process could be organised in consecutive loops.
1.3.1.4.3.4

Touchpoint 4: Early detection of risk at home

Touchpoint 4 relates to the early detection of an (increase in risk for a) cardiovascular event / a
deterioration in health status / In the best case, this might never happen during the period of usage of
the system (max 1 year after the event). There is a high technological / scientific risk involved in this
touchpoint: It is not yet clear whether the HeartCycle system will be able to detect this reliably from a
medical point of view.
1.3.1.4.4

Touchpoint 5: Reinforcement of motivation and treatment support after
deterioration

Touchpoint 5 is the resumption of the HeartCycle secondary prevention programme after a
deterioration. As touchpoint 4, this might never happen during the period of usage of the system (max
1 year after the event).In this phase, besides providing treatment support, special emphasis needs to
be put on the reinforcement of motivation.

1.3.1.5

Discusssion

Along these touchpoints patient needs have been discussed and concepts and scenarios have been
developed to identify solutions helping HeartCycle to fulfil those needs
The outcome of these discussions has been worked out more in detail and will be integrated into the
requirements for the HeartCycle system. The heart failure concept is a telemonitoring concept that
involves daily monitoring, data interpretation and feedback. This is however not fully in line with the
requirements of the CAD concept and raises the question in how far both concepts can be served
from the same technological platform.
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1.3.2 WP2
Sensors and parameter extraction are grouped in WP2, which covers:
•

The research of innovative sensors for HF and CHD according to the requirements from
WP1. The sensors include the on-body, bed side and stationary devices, the embedded
processing to extract the parameters for WP3 and the wireless communication to interface
WP4.

•

The compilation of a list of sensor technologies and the selection together with WP1 of those
sensor technologies that provide medically relevant parameters and that are easy-to-use in
an unsupervised home setting.

•

The design, development and realization of demonstration sensors for evaluation and
selection.

•

The development and realization of prototypes of the selected sensors for the Clinical
Validation (Phase 2 of the project). The support of the application during the clinical validation
phase.

•

WP2 research and project level research concerning advanced sensors and sensor
enhancement, signal pre-processing (noise reduction, signal enhancement) and processing
(feature extraction and classifiers) and electronics optimization.

1.3.2.1

Definition of the sensors and parameter extraction

The definition of the sensors and parameter extraction is based on the requirements from the
Concept Champions to describe their applications. The early requirements drafted during the first
three months of the project are considered in progress, since they will be refined during the first two
milestones of the project taking into account the experiences of the concepts and the interactions with
the technology workpackages. HeartCycle sensors and processing will evolve significantly before the
Clinical Validation phase. The plans are presented in the following subsections. The development of
the sensors and parameter extraction is based on a joint meeting and information exchange with
HeartCycle Concept Champions and physicians to clarify the descriptions and to prioritize the medical
and technical requirements. The requirements are translated into needed sensors and parameters.
For each sensor, a table has been prepared to detail the sensor requirements, in terms of sensed
signal, extracted parameters, signal processing, garment, on-body electronics and communication.
Categorizing Requirements
A list of categorized requirements has been drawn for the initial Concept Champion discussions with
reference to the concept description and requirement documents, in order to group the concept
needs.
The following list of questions is used:
•

Which parameters have to be provided?

•

How and when the monitoring has to take place? Which sensors and parameters are
expected?

•

What are the frequency and duration of monitoring?

•

Where these signals will be acquired on the body?

•

What are the expected sampling rate, resolution, bandwidth, filtering?

•

What local memory capacity is required for buffering the signals?

•

How, what and when will the signals be downloaded?

•

How should the signals be processed and used: real-time, quasi real-time or off-line

•

What are the constraints on the garment and on the electronics size, packaging and location?
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•

What type of processing should be performed locally by WP2 and remotely by WP3? Which
parameters should be extracted?
The parameters provided by the sensors or extracted from the raw signals have been categorized in
order to set their importance for the two concepts of HeartCycle. The categories are defined as follow.
•

A is mandatory

•

B is in the short list

•

C is in the long list

• D is not needed (and will not be provided).
Based on these criteria, the HeartCycle consortium has compiled a table that will be used for the
sensor realization. This deliverable provides the draft description of some of the modules that will be
developed and realized by WP2 Sensor and Parameter Extraction to address the requirements
provided by the clinical partners of HeartCycle. The Deliverable D4.2 is due at the end of Month 6.
The preliminary system is based on available sensors, mainly from MyHeart and from Sensation
project and on new HeartCycle developments:
In the following a short description of existing sensors are provided:
•

Bio-Impedance Monitor for Heart-Failure Management

•

Bed-Side Monitor for Heart-Failure Management

•

Matsense preliminary bed sensor

The specifications concern the modules that will be provided at Month 12 i.e. at milestone M4.

1.3.2.2

1.3.2.2.1

Examples of sensor systems used in HeartCycle

Bio Impedance

The Bio-Impedance Monitor is a small box, which is specially designed for the MyHeart project. It is
connected to a belt with four electrodes via a USB connector. The module is powered by a battery.
The following picture shows the BIM:

Figure 3: Bio impedance monitor electronics

1.3.2.2.2

Bed-Side Monitor for Heart-Failure Management

The Bed Side Monitor, which is described below has been developed by Philips within the “MyHeart”
project. The Philips Bed-Side Monitor (BSM) is a system based on a single mechanical sensor meant
for unobtrusive cardio-respiratory monitoring during sleep. The sensor is an Electret foil (produced by
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Emfit) with a typical size of 30 cm x 60 cm, which is inserted in a thin mattress placed on top of the
usual bedding, as shown in the picture below. BSM or Bed-Side Monitor
The bed-side monitor (hereafter call BSM) is a vital body sign measurement electronics device used
for measuring and recording vital body sign measurements taken in the bed, usually while the patient
is sleeping. Such measurements are useful for people with congestive heart failure, as well as for the
population in general. The BSM is used together with ECG electrodes, a Ballistocardiogram (BCG)
sensor, and a user interface system to initiate the measurements and receive the measured data.
1.3.2.2.3

Matsense preliminary bed sensor

Matsense is a pressure sensitive foil applied to bed mattress to measure both ballistocardiogram and
movement signals. Matsense has multiple measuring points and measures distribution for signals
over the mattress area. Specific algorithms are developed to calculate heart inter beat interval,
respiration cycle and movement activity. The sensor is intended only for testing purposes, the
measurements must not be used for any medical diagnosis.
This sensor was developed by VTT in the frame of SENSATION European project and will be
reconfigured for preliminary testing of the HeartCycle bed sensor concept. Matsense has up to 160
pressure sensor electrodes, with matrix of 20 rows and 8 columns. Number of electrodes will be
reduced for testing the HeartCycle bed sensor concept by combining the neighborhood elements.
Different configurations can be tested, but the most plausible result will consist of 8 channel row-wise
elements with electrode dimension each of 90 mm x 720 mm (height x width). Reduced number of
elements is needed mainly for cost issues both on sensor foil and electronics design. The biggest
drawback of reduced number for electrodes will be the reduced spatial resolution on body and limb
movement analysis during sleep, which is not of main concern in HeartCycle project

Figure 4: Matsense sensor foils for preliminary bed sensor
Left side shows one sensor foil module of 4x8 elements with dimensions of 360 mm x 720 mm (height x width).
Right side shows the combined five modules covering the whole bed mattress with dimensions 1800 mm x 720
mm.

1.3.2.3

HSN communication

The HeartCycle Sensor Network (HSN) shall bring HeartCycle specific parameters to the home
gateway (WP4). It shall act as concentrator and as relay to the home gateway.
HeartCycle Sensor Network structure
The HSN (HeartCycle Sensor Network) will be composed of 4 types of nodes:
•

The sensor nodes (IMAGE, BISCUIT, etc.), which will be embedded in textiles or connected
to a specific on-body sensor. They will be powered by rechargeable batteries, except projectspecific stationary devices, like BS.

•

The commercial stationary devices (weight scale, sphygmomanometer, etc.), mainly relying
on Bluetooth or USB communication.
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The environmental node (SWEET), which shall collect environmental parameters (e.g. room
temperature, ambient light level or ambient noise level). It shall be powered by mains.

•

The home gateway node which shall collect all information (WP4). It will be based on a
computer with the storage and processing capacity required for the data analysis (WP3) and
will be powered by mains.
While the range of transmission in the ISM-2.45 band can reach several hundred meters in free field
and line of sight conditions, it can become very limited for indoor use. Network repeaters will be used
to improve the situation. A network repeater shall be able to send the data either directly or through
another node within its range to the main home station. Since their main task concerns reception and
transmission of data, they will be powered from mains in order to avoid downtimes due to discharged
battery. In order to avoid too many devices, the environmental nodes (SWEET) will perform the
repeating function, in addition to the environmental sensors required by the concepts.
The following figure illustrates the application: two rooms (Room #2 and Room #3) distant from the
home gateway node have each a repeater (as well as e.g. environmental sensors). They relay in one
or two hops the parameters acquired in their respective neighbourhood (i.e. the room they are located
in) to the home gateway, located in Room #1 in this example. The picture shows that the range of
each repeater (SWEET device) is non-circular due to walls and obstacles. Both of them are too
distant from the home gateway. It has to be noted that the collected parameters are directly sent to
the home gateway, without being relayed by one of the SWEET devices for a usage of the sensors in
the same room (or its vicinity) as the home gateway.
The relay can also provide coarse information concerning the location of the user in his home.
SWEET devices
- HSN network relays
- Room temperature sensors

Home gateway and processing
(WP4 and WP3)

Room #2

SWEET #1
Room #3

Room #1
Entrance/
Corridor

SWEET #2

Figure 5: Example of wave coverage in an apartment
The data collection requires a high accuracy to combine the streams coming from different physical
sensors. A protocol based on 802.15.4 will be used for the HeartCycle Sensor Network. It shall:
- Provide the parameter and the transmission of some raw signals from the sensing node to
the SWEET device
- Allow the relaying of the messages received from the sensor nodes to the home gateway.
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Storage memory
Battery
power supply
Radio
transceiver

Micro-controller

Sensors

Patient sensor

Figure 6: Patient node – general block diagram
220V

Radio
transceiver

Power supply
Micro-controller

Sensors

Environment sensor
Figure 7: Environmental node and repeater – block diagram
Main specifications
•

Importance: mandatory

•

Usage: indoor, either streaming or download

•

Transmission range: typ. 20 m indoor

•

Frequency and duration of use: continuous or periodically when sensors active or during
download

•

Communication standard: based on IEEE 802.15.4 for specific HeartCycle electronics;
Bluetooth for commercial devices (e.g. weight scale, blood pressure cuff)

•

Streaming: available

•

Data rate: < 80 kbit/s of user data (250 kbit/s raw data)

•

Constraints: small size and low-power, coexistence with few Bluetooth devices
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1.3.3 WP3
WP3 “Multi-parametric Analysis and Decision Support” deals with the decision support system (DSS)
in the HeartCycle project integrated with the patient (WP4) and professional (WP5) platforms. This
DSS goes beyond the standard available today, which typically concerns systems helping the
professional in following fixed guidelines.
In this report we concentrate mainly on the methodology to access the CV risk and CV status
1.3.3.1

CV risk assessment models

The main goal of this task is the development of models for long and short term cardiovascular risk
assessment as well as cardiovascular status assessment. In particular, given the clinical conditions to
be addressed in HeartCycle (CHD-Coronary Heart Disease and HF-Heart Failure), five models will be
implemented: i) coronary heart disease long term risk assessment; ii) coronary heart disease short
term risk assessment; iii) heart failure short term risk assessment; iv) coronary heart disease
cardiovascular status assessment and v) heart failure cardiovascular status assessment.
Ideally, these models should be personalized, dynamic and explicitly incorporate clinical knowledge.
To accomplish these goals three main sources of information will be considered: available tools for
risk assessment, clinical empirical experience and specific inputs related to patient’s health
measurements. The output will be expressed by a qualitative index, enable to characterize the current
short term cardiovascular risk and status levels (for example: very low, low, moderate, high, very
high). Furthermore, an additional output, giving an explanation of the current output level condition,
will be provided.
Cardiac risk and status assessment estimation will have a positive impact on the management of an
individual patient at a specific cardiac condition, since it will contribute to a close monitoring of the
patient. It will be straightforward to the medical professional to adapt the personal careplan, according
to a specific risk-reduction effort, as well as tailoring the frequency of clinical follow-up visits. It will
also contribute to help medical professionals in managing patients in general, since they can identify
those patients that need urgent hospitalization, those that need urgent review of respective care plans
(lack of treatment, over treatment situations…) and those that are according with the expected
condition. In addition, the historical information collected during daily clinical practice will be useful for
statistical analysis and to reinforce the knowledge of cardiovascular risk assessment.
Feedback to patients is also a key factor in the patient’s motivation, which could lead to an increase of
treatment compliance since patients understand that their actions are crucial to modify their own
health status. In fact, patients can assess their risk history and they can estimate the effects if they
adhere to a specific risk factor reduction intervention. Thus, patients can learn about their personal
risk assessment as well as the lifestyle changes they could make to reduce their cardiovascular risk.
The CVrisk (Cardiovascular risk), i.e., the probability of occurrence of a cardiovascular event within a
certain period of time, is commonly estimated based on risk score tools. According to the period of
time it is possible to identify two main categories of cardiac risk assessment tools: long term tools
(years) and short term tools (months). Risk assessment can be defined as an absolute risk, i.e.,
probability of developing a CHD event over a given period of time (10 years), or a relative risk, i.e.,
risk of someone developing a CHD event that has risk factors compared to an individual of the same
age and sex who does not.
In particular, long term CHD risk assessment has been studied during the last decades and several
systems/tools are currently available. Basically, these risk score tools allow the definition of the risk of
an individual to develop a cardiac event within a period of time, usually 5 or 10 years [1]. On the other
hand, assessing long-term disease progression for HF is not conventional [2], [3]. In fact, heart failure
condition is defined as the rapid onset of symptoms and signs, is often life threatening, thus requires
urgent treatment.
Although long term cardiovascular risk tools are widely available, only some studies have been
conducted considering a short period of time (usually months). Actually, these tools are not as
common as the previous ones and only a few works have addressed this subject.
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Long term

There are available in literature several risk tools dealing with CHD long term cardiovascular risk
assessment. These systems were developed based on the close monitoring of population samples,
made during a long period of time, with the aim of producing models for estimating the probability of
develop a cardiovascular disease in the next N years, according to a person’s risk factors.
One of these studies is the well known Framingham study [4]-[7]. It started in 1948, under the
direction of the USA National Heart Institute, has included 5209 men and women between the ages of
30 and 62, from the town of Framingham, Massachusetts, USA, that did not suffer from any
cardiovascular disease before the enrolment. Monitoring of Framingham population has led to the
identification of major cardiovascular baseline risk factors. To assess the global risk index, baseline
factors were related to risk of death from cardiovascular disease using a Cox proportional hazard
regression analysis model, published through an analytical formula or a score sheet table.
However, American population is not fully representative of the population of other countries and only
some risk factors were taken into account. Thus, a number of additional cohort studies have been
implemented since then: PROCAM (Prospective Cardiovascular Münster) [8], UKPDS (United
Kingdom Prospective Diabetes Study) [9], [10], SCORE (Systematic COronary Risk Evaluation) [11],
Joint British charts [12], Qrisk [13],[14], New Zealand [15] and Sheffield [16] are examples of these
studies.
These tools are, in most situations, applied only to particular conditions. Some risk scores are specific
to certain types of events (myocardial infarction, coronary disease, unstable angina, hospitalization,
death) and valid only for primary or secondary prevention. Moreover, there are tools applicable to
particular conditions, such as diabetes populations, cholesterol populations, etc. In particular, the
SCORE study aims to develop a risk scoring system in European clinical practice [11]. The project
integrates a dataset from 12 European cohort studies, mainly carried out in general population
settings and estimates a ten-year risk of fatal cardiovascular disease. Two parallel estimation models
were developed, one based on total cholesterol and the other on total cholesterol/HDL (High Density
Lipoprotein). Four sets of figures provide the risk of fatal CVD based upon European risk region,
gender, smoking status, age, systolic blood pressure, and cholesterol.
As a result of these studies, several “risk calculators” have been developed, i.e. decision support tools
helping to assess a patient’s risk and, consequently, to help with the adequate treatment. These tools
present a variety of formats including risk charts (simple tables) and electronic calculators, which are
available as stand-alone or web-based applications for personal computers. The charts (or tables)
can be classified into two classes: i) class 1, where points are assigned to each risk factor being the
global risk obtained by summing the individual scores (e.g., Framingham tables); ii) class 2, where
arrays of information in various combinations of columns and rows allow the total risk to be read from
the chart (e.g., SCORE tables). The main advantage of tables and charts is that they do not require a
computer and can be used in any setting. The main drawback is that they are not as accurate or
precise as some of the computer application calculators.
Table 1 presents a representative sample of available tools regarding i) risk type/event ii) period of
time iii) prevention type and iv) patient’s specific condition. Although the majority of the risk score
systems evaluate the coronary heart disease event probability which can be fatal or non fatal, some
risk scores are specific to certain type of events (myocardial infarction, unstable angina,
hospitalization, death). Some tools (e.g., Sheffield tables, Joint British charts) estimate the risk of
CHD events alone, while others (e.g., New Zealand tables) give risks for CHD events and for stroke.
Prevention type is another factor that distinguishes risk score systems. There are models for primary
prevention, defined as the potential for intervention prior to the disease presenting a specific event,
and secondary prevention, defined as the potential for intervention after an event has occurred.
Finally, it is important to underline that some models were developed for patients that present a
specific condition (diabetes populations, cholesterol populations, etc.). For instance, the UKPDS
model is a specific model for diabetic patients.
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Type of event

Period of time

Prevention
Type

Specific

Framingham [7]

CHD

10 years

Primary

No

GISSI [18]

Death

4 years

Secondary

No

Page 22 of 86

FP7-216695 – HeartCycle

Deliverable 4.B – Publishable Deliverable 4

Joint British Societies [12]

CHD/Death

10 years

Primary

No

PROCAM [8]

CHD

10 years

Primary

No

QRISK [14]

Heart attack /
Stroke

10 years

Primary

No

SCORE [11]

Death

10 years

Primary

No

(fatal CVD)
Sheffield [16]

CHD

10 years

Primary

No

UKPDS [10]

CHD

1-20 years

Primary

Yes (Diabetics)

Table 1 – Long term risk score systems.

√

SCORE

√

√

Sheffield

√

UKPDS

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

b

LDL

HDL

d

√

c

√

a

√

√

√
√

Heart Rate

√

√

Fibrinogen

√

√

√

Leucocyte count

QRISK

√

√

Inter. claudication

√

√

Hypertension

√

√

Myoc. ischaemia

PROCAM

√

Elect. Instab.

√

nº years diagn.

√

Hemoglobin

√

√

Ethnicity

√

√

Rheumatoid A

JBS

√

BP treatment

√

Kidney Disease

√

√

Previous Event

√

√

e

√

√

BMI

GISSI

√

Triglycerides

√

Family History

√

Diabetes

√

Smoking

Total Colesterol

√

LVH

Sex

Framingh
am

SBP

Age

According to Poulter [19] there exist more than 300 risk factors that can influence cardiovascular
disease events. Nevertheless, all tools require information on age, gender, total cholesterol, systolic
blood pressure, and smoking status for risk calculation; most also include diabetes, assessed as a
yes/no answer, and high-density lipoprotein (HDL) cholesterol. Table 2 summarizes risk factors
considered by tools presented in Table 1:

√

√

√

√

√

√

√

√
√

√

√

√

√

√

√
√

√

Table 2 – Risk Factors considered by long term models

a

HDL - High Density Lipoprotein
LDL - Low Density Lipoprotein
c
SBP - Systolic Blood Pressure
d
LVH - Left ventricular hypertrophy
e
BMI - Body mass index
b

Although it is recognized that several feasible tools are available for estimating patients’ CHD long
term risk, it is also accepted that they present some limitations [1]. In fact, these tools include
relatively few risk factors and have been validated in specific populations. Moreover, these tools are
based on classical statistical approaches and, therefore, present some inherent limitations like: i) the
inability to capture the dynamics of the risk evolution; ii) the inability to incorporate clinical knowledge
and iii) the inappropriateness to model a specific patient.
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When deciding which risk tool to use, professionals have to take several aspects into account (tool
accuracy and feasibility, available risk factors, access to a computer with an available program, etc).
Although some possible alternatives (risk tools) are adequate it has pointed that a combination of
tools will be more useful and will present a new potential [20]. Moreover, the current risk tools have to
balance accuracy and feasibility [21] and hence have limited the number of risk factors required for
risk estimation. They do not include some potential risk factors, which may be of interest and the
effect of adding additional risk factors to risk calculation tools has been little studied.
The approach to be followed within HeartCycle tries to overcome some of these limitations. The
approach aims to combine several risk tools, in order to take advantage of each particular aspect that
is relevant for HeartCycle clinical conditions (HF and CHD). Moreover, by combining several models,
it will be possible to consider/integrate distinct inputs from individual tools in a global model, thus
covering a large set of risk factors, which are not possible with a single risk tool.
Another significant aspect is the possibility to include/combine in the global model, clinical knowledge.
Using this strategy, personalization will be achieved through the use of a particular set of risk factors
specific to the patient’s clinical condition, as well as the inclusion of particular clinical expertise.
Following this strategy, evidence based knowledge (risk tools) and empirical knowledge (clinical
experience) will be combined, enabling to derive an hybrid model for risk assessment.

Figure 8 – Combination of risk tools and clinical knowledge.
In this context, Greenland et al. [22] showed that coronary artery calcium score combined with
Framingham provides superior prognostic information than either method alone. Samsa et al. [23]
proposed a general linear regression strategy to combine risk factors of interest distributed across
multiple datasets, thus providing a way to merge some individual models in a multivariable risk model.
Steyerberg et al. [24] presented a method to combine univariable regression results from the medical
literature with univariable and multivariable results from the data set containing individual patient data,
concluding that prognostic models may substantially benefit from explicit incorporation of literature
data. Given the capabilities to deal with both expert knowledge and datasets, Twardy et al. [25]
proposed the use of Bayesian networks as a common approach to combine clinical expert knowledge
and epidemiological models of CHD (in particular, PROCAM risk score). MacDonald et al. [26],
developed a model for CHD risk using a Markov model with a finite state space approach. The model
was parameterized using the Framingham data, showing the capability to achieve a common
description for combining several models.
Of particular interest is the TakeCare system [17], developed during MyHeart project 3. TakeCare
systems aims the patient’s individual risk assessment, and is based on the SCORE European tool. It
provides tables indicating the risk of a fatal cardiovascular event during the next 10 years, based on
some risk factors, namely sex, age, smoking habits, blood pressure and cholesterol level.

1.3.3.1.2

Short-term

Although there are available a multitude of long term cardiovascular risk tools, only a few set of
models have been developed considering a short period of time. These scores are, in most cases,
based on initial clinical history, ECG analysis and laboratory tests, enabling early risk stratification of
adverse outcomes on hospital admission.

3

MyHeart IST-2002-507816 project (2004). Information available on http://www.cordis.lu/ist.
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The TIMI-Thrombolysis In Myocardial Infarction (TIMI) [27] and PURSUIT-Platelet glycoprotein IIb/IIIa
in Unstable angina: Receptor Suppression Using Integrilin [28] scores were developed with the
databases from large clinical trials of non-ST elevation acute coronary syndrome patients. GRACEGlobal Registry of Acute Coronary Events score [29] was developed from the registry of a population
of patients across the entire field of acute coronary syndrome (ACS). The first two are focused in the
very short-term prognosis (14 days for the TIMI risk score and 30 days for the PURSUIT risk score),
while GRACE score deals with 6 months prognosis. PREDICT [31] is a risk score for acute coronary
patients, that uses information routinely obtained on the day of hospital admission for acute MI of
unstable angina, to predict the 30-day, 3-year and 6-year mortality risk. Table 3 summarizes these
models.
Model

Risk Type

Period of time

Prevention
Type

Specific

GRACE

Death/MI

6 months

Secondary

No

PREDICT

MI / unstable angina

30 days, 2
years, 6 years

Secondary

No

PURSUIT

Death

30 days

Secondary

No

TIMI

Death / MI / urgent Revascularization

14 days

Secondary

No

Table 3 – Short term risk score systems.

√

√
√

√

√

√
√

√
√

Heart Failure

√

Shock

Percutaneous .Coron. Intervention

√

ECG findings

Elevated Cardiac Enzymes

√

3 or more cardiac risk factors

ST Segment. Depression

√

2 or more angina ev. In past 24 hrs

Creatinine (Kidney function)

√

Use of aspirin in the pre. 7 days

Heart Rate

√

Previous. Event.: MI,HF

TIMI

Fam. History

√

Diabetes

PURSUIT

Smoking

√

√

LVH

PREDICT

SBP

√

LDL

√

HDL

Sex

GRACE

Total Colesterol

Age

Table 4 shows the risk factors considered by each tool referred in Table 3.

√

√

√

√
√

√

√

√

√

√

Table 4 – Risk Factors considered by short term models.

Gonçalvez et al. [32] have compared the prognostic value of TIMI, PURSUIT and GRACE scores
regarding their ability to predict benefit from myocardial revascularization performed during initial
hospitalization. They have found a good predictive accuracy for death or MI after 1 year and they
recognized the capacity of these scores to identify subsets of high-risk patients who benefit from
myocardial revascularization performed during initial hospital stay. Yan et al. [33] have studied the
same three risk scores to determine their incremental prognostic utility beyond overall risk
assessment by physicians. The have conclude that, compared with TIMI, both PURSUIT and GRACE
allow better discrimination of 1 year mortality in patients presenting a wide range of ACS. Recently,
the GRACE risk model has also been validated as a predictor of death or myocardial infarction, 6
months following hospital presentation [30]. GRACE score has been considered advantageous since
it uses very simple variables and takes into account the presence of HF.
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Therefore, in the context of HeartCycle, it is acknowledged the potential of GRACE risk model for
short-term risk assessment. Nevertheless, it is recognized the necessity to consider other factors that
have a significant impact in the characterization of HF and CHD clinical conditions. During this initial
phase of HeartCyce project, the identification of these risk factors has been supported by literature
research, mainly Guidelines [34], [35], [36], [37], and by some discussions with some clinical experts
(Dr. João Morais 4 and Prof. Dr. Manuel Antunes 5). Moreover, the tools currently available are not
tailored to deal explicitly with clinical conditions addressed within HeartCycle. However, in their daily
practice, clinicians have to assess cardiac risk for each individual patient. They know how to relate
baseline risk factors with risk levels, thus the incorporation of this empirical experience into the
models should be considered. For this specific task, it is intended to implement an application
supporting the collection of relevant clinical expertise from clinicians, being a fuzzy inference system
foreseen to this aim.
As a result, the models to be developed will combine information related with global score (analogous
to long term risk tools) with clinical expertise characterizing the specific condition (CHD or HF). This
specific short-term risk will be based on several sources of clinical information (symptoms, ECG
analysis, clinical exams). In general, this is the approach followed in clinical practice, as well as
reported in guidelines, where the information characterizing the risk is usually grouped in 4 or 5 main
categories, namely:
•

i) Baseline/global characteristics: age, sex, cardiac risk factors, history of ischemic heart disease,
history of stroke, peripheral vascular disease, smoking, etc.

•

6
ii) Clinical features/symptoms: heart rate, blood pressure, Killip class, episodes of cardiac arrest
on arrival, etc.;

•

iii) ECG characteristics: degree of ST deviation, Q wave and T wave characterization, presence of
AF-Atrial Fibrillation, etc;

•

iv) Laboratory findings: initial and maximum troponin, creatinine level on arrival, BNP, etc;

•

v) Left ventricular function on echocardiography or left ventriculography during cardiac
catheterization.

1.3.3.2

CV Status

A research in literature showed that Cardiovascular (CV) Status, sometimes referred as
Cardiovascular Condition, is not a unique concept. Therefore, many different approaches can be
found, to perform the assessment of this status or condition. Basically, the research followed two
different directions: the first related with scientific publications and the second with patented
inventions. In the group of publications, Spigulis et al. [38] used photoplethysmography (PPG)
principle to follow the dilatation and contraction of skin blood vessels during the cardiac cycle. CV
condition was assessed by temporal analysis of PPG signals as well as by shape analysis of the
mean single-period PPG signals. Pinheiro et Postolache [39] considered that information about a
person’s cardiovascular condition was obtained from HRV estimation, carried out by means of PPG,
pulse transit time (PTT) and blood pressure (BP) signals. Kanjilal et Gonzalez [40] used pattern
variability of blood pressure signal to assess the individual’s CV status. Adams et al. [41] assessed
CV status of Hodgkin's disease survivors, who were screened by echocardiography, exercise stress
testing, and resting and 24-hour ECG. Status assessment was carried out by evaluation of left
ventricular (LV) mass, end-diastolic wall thickness, end-diastolic dimension, end-systolic and peak LV
wall stress, LV fractional shortening, LV stress-velocity index, heart rate variability, arrhythmias,
conduction abnormalities, blood pressure, heart rate and rhythm, and oxygen consumption. Essex
Cardiac Network Workshop in Heart Failure [42], considered CV status assessed by BP (sitting and
standing), pulse rate and rhythm, and baseline ECG.
An Australian commercial system, CvCU (Cardiovascular Check up) [43], uses peripheral pulse
waveforms obtained by tonometry, to calculate the stiffness of the arteries and the efficiency of the
heart. These calculated parameters are then compared against “normals” population to assess the
individual’s CV status (and risk). In terms of the patented inventions, an apparatus created for aiding
4

Dr. João Morais – Leader of the Cardiology Unity, Hospital de Sto André, Leiria, Portugal. European Society of Cardiology
committee for Practice Guidelines [36], [37].
5

Prof. Dr. Manuel Antunes: Full Professor at University of Coimbra, Leader of the Cardio-thoracic Surgery Center, University
Hospital of Coimbra, Portugal.
6

Killip classification was designed to provide a clinical estimate of the severity of myocardial derangement in treatment of AMI.
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in the assessment of a patient CV condition [44], uses arterial pressure and pulsation signal data
(waveform series), to derive hemodynamic parameters, that allow to determine if pathologies
(especially, essential hypertension) exist in patient’s CV system. An invention used for treating and
monitoring sleep disordered breathing in patients with CV disease or for monitoring the CV condition
of these patients [45], considers that information concerning CV condition includes: blood pressure,
heart rate, oximetry data, electrocardiogram data, Holter analysis results (including arrhythmia and
heart-rate variability summaries), body mass index (including height and weight data), Left Ventricular
Ejection Fraction (LVEF), six-minute walk data, B-type natriuretic peptide (BNP), cardiac output data,
VO2 max data, New York Heart Association Class (NYHA), ACC/AHA Heart Failure Stage, Quality of
Life data (including, for example, Epworth Sleepiness Scale, Berlin Questionnaire, Minnesota Living
with Heart Failure Questionnaire, and Kansas City Cardiomyopathy Questionnaire), peripheral arterial
tone (PAT), and Key neuro-hormonal levels (e.g., catecholamine levels). In another invention [46], the
thickness of carotid artery intima layer and/or carotid artery media layer is non-invasively measured in
an individual to determine his cardiovascular status. In one embodiment CV status is based on the
thickness of the intima layer, in another embodiment is based on the intima to media (I/M) thickness
ratio.
In HeartCycle, CV status will be assessed for two specific heart conditions: coronary heart disease
(CHD) and heart failure (HF).
In CHD situation, patient’s CV status will be based on ECG parameters, namely, Q waves, T waves,
JT intervals, ST segment shifts, dynamic ST segment changes and heart rate, and on blood pressure,
pulse transit time and thoracic bioimpedance values.
In turn, HF patient’s CV status will be determined using ECG based parameters, namely, Q waves,
QT intervals, PR intervals, QRS complexes, atrial fibrillation, heart rate and heart rate variability, and
others like O2 saturation, blood pressure, respiration rate, pulse transit time and thoracic
bioimpedance values.
1.3.3.3
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1.3.4 WP4
WP4, the patient loop is the workpackage to model, design, and develop the patient platform, which
will provide the user with a system to self-manage their health status and to educate them to adopt a
healthy lifestyle. Motivation will play a crucial role for addressing the compliance. The patient platform
will enable the integration among all actors and modules of the complete architecture, gathering all
information from the sensors, monitor the health status, provide feedback to the patient, and enable
the communication with the professional platform. In this report, a special focus on the HeartCycle
approaches on modelling, motivation, use cases and context awareness is presented.
1.3.4.1

Preliminary Patient Modelling

User interaction design is becoming:

User-Centred Design (UCD)

Goal-oriented design is a combination of ethnographic techniques, interviews with stakeholders,
comprehensive user models, scenario-based design and a core set of interaction principles and
patterns. One of the main objectives of goal-oriented design is to translate the knowledge gathered in
the research phase into a fully detailed design specification. This methodology aims at fulfilling user’s
needs and goals while satisfying business requirements.
This process can be divided into six phases: Research, Modeling, Requirements, Framework,
Refinement and Support. These stages follow the five activities in the interaction design model stated
by Crampton Smith and Philip Tabor – understanding, abstracting, structuring, representing and
detailing -, making a special emphasis on modeling user’s behavior and defining system behaviors.
Figure shows the 6 stages of goal-oriented design.

Figure Cooper's Goal Oriented Design

1.3.4.1.1

Research phase

The Research phase employs ethnographic field study techniques (observation and contextual
interviews), intended to gather qualitative data about potential and/or actual users of the product. It
comprises market research, technology state of the art and interviews with stakeholders,
manufacturers, subject matter experts and technology experts.
One of the most relevant outcomes of field observation and interviews with the users is the
development of a set of behavior patterns, easily identifiable behaviors that help categorize the
different modes of use of a potential or existing product. These patterns suggest goals and
Version 1.0
26/08/2008
Final

Page 30 of 86

FP7-216695 – HeartCycle

Deliverable 4.B – Publishable Deliverable 4

motivations. Behavior patterns and the goals associated drive the creation of personas in the
Modeling phase.
Goals
Personas provide the context for a set of observed behaviors, while objectives rule those behaviors.
Designers have to use user’s goals to define the functionality of a product. This functionality and the
behavior of the product should fulfill user’s goals by means of tasks. The main conceptual difference
between this methodology and other usability engineering methodologies lies in the role of tasks in
the whole process. In goal-oriented design, tasks are just a mean, while goals are the ultimate
objective.
Goals should be inferred from qualitative data: it is hard to ask a person about her goals. In most
cases, the user will find hard to express his/her goals, his/her answers will be vague and even he/she
may not be honest. Therefore, it is necessary to build goals from observed behaviors, questionnaires,
non verbal cues and environmental clues.
Types of goals
Goals can be roughly divided into two categories: user goals, that are a primary priority in design, and
non-user goals, strongly relevant in business environments.
User goals
User goals can be divided into three main categories: vital goals, experience goals and final goals.
Vital goals
Vital objectives represent personal expectations that go far beyond the context of the product being
designed. They represent deep beliefs and motivations that can explain why a user is trying to fulfill a
set of objectives. Thus, they can be useful to achieve a broader vision of the relation of the user and
other products and the expectations our product should raise.
Experience goals
They are simple, universal and personal. Experience goals focus on what the user wants to feel when
using the product or the quality of her interaction with the product. They represent a set of goals the
user wants to fulfill in an unconscious but obvious way, such us not feeling stupid when using the
product, not making too many mistakes, feeling competent or having fun (or, at least, not getting
bored) during the interaction.
Final goals
They represent the user’s expectations on the tangible outcomes of using a specific product. They
have to be fulfilled so the users have the feeling that it is worthy to spend time and money in the
product.
Non-user goals
This category comprises client goals (different from user goals), corporative goals and technical
goals. These goals are usually considered, but their priority level is quite low within the design
phases.

1.3.4.1.2

Modeling phase

In this phase, two models are defined: the domain model and the user model. The domain model may
comprise the information flow and workflow diagrams. User models, or personas, are a precise
descriptive model of the user, of what he wishes to accomplish and why he wants to accomplish it.
Personas are archetypes based on behavior data, as gathered from a wide number of actual users
within the Research phase. They are represented as specific individuals, intending to represent a
Version 1.0
26/08/2008
Final

Page 31 of 86

FP7-216695 – HeartCycle

Deliverable 4.B – Publishable Deliverable 4

class or type of user of a particular interactive product. Personas encapsulate a unique set of use
patterns, behavior patterns regarding the use of a particular product.
Building personas
Personas are defined from a set of patterns, identified during the interviews and the observation of
actual and potential users of a product. Additional data can be added from subject matter experts,
project stakeholders and available publication. In order to build a set of personas, the usage space is
segmented into a set of observed behavior variables (also known as axis or ranges). A well
developed persona comprises information about goals, attitudes, activity or workflow, environment,
skills and frustrations. Developing credible and useful personas require detailed analysis skills and
creative synthesis abilities. A standardized process significantly eases this task. One of the most used
processes has been proposed by Robert Reiman, Kim Goodwin and Lane Hally:
Review the persona hypothesis
Once the Research phase is complete, list all observed behavior variables. Demographic variables,
such as age or technical skills, have some influence on behavior. Nevertheless, pure behavior
variables have a much greater impact on design. Although the number of variables depends on the
project and the designer, it is recommended to define 15 or 30 variables per role. Some of these
variables will represent a continuous range, while others will have discrete values.
Mapping interviewees to behavior variables
Once behavior variables are identified, every interviewee is mapped against each variable. Accuracy
of the mapping is not as important as the relative distance of interviewees in relation with other
interviewees. Thus, it is not important to map interviewees to an exact position in the variable axis, but
to identify clusters of multiple users along the variable’s range.
Identify significant behavior patterns
Once the users have been mapped against the behavior variable ranges, we should have clusters of
users or spare users along the multiple axis or variables. A set of users who cluster in six to eight
different variables will likely represent a significant behavior pattern that may be used to form the
basis of a persona.
Synthesize characteristics and relevant goals
For each significant behavior pattern, details will be defined from gathered data. There is no need for
a comprehensive description of the characteristics: one or two descriptions that help sharpens the
user may be enough to sketch the persona. It is mandatory to adjust as much as possible to observed
behaviors, as too much fiction or a too detailed biography may act as a distraction and make
personas less credible. Only specific data can help in design and business decisions.
To get more empathic, some designers complete the description with personal data, such as a name
and surname, as well as demographic data, such as place of residence or job.
Goals are harder to define from interviews and observations. It is recommended to infer them from
the set of behaviors established in the previous phases. It is easier to define goals once we have
been able to establish logical connections between the different behaviors. This is achieved by
observing each individual’s actions and analyzing their answers to the questions related to their goals.
To be completely useful as a design tool, goals have to be related to the product being designed.
Usually, end goals are the most useful goals, and it is typical to define three to five end goals per
persona. Experience goals are mainly used in consumer-oriented products, while life goals are
supposed to be implicit to any product. A maximum of two experience objects are defined per
persona.
Check for redundancy and completeness
In this point, it is recommended to check for any significant gaps in the definition of personas, resting
assured that the proposed models are distinct enough to each other.
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Development of scenarios
Scenarios must comprise some fiction facts and reactions, and they should not be longer than one or
two pages. Their main objective is to make a brief presentation of persona in terms of job or lifestyle,
making an outline of a day in its life, including expectations and interests that may have a direct
influence on the product. Details should be an expansion of the list of characteristics, with additional
data extracted from observation and interviews. The scenario should expose the persona’s
expectations on the product.
Designate persona types
Every design needs a target – the audience to whom the product is intended for. The personas
developed so far are a representation of the plausible candidates. The interface must be designed for
a unique persona. Therefore, it is mandatory to define a priority, resting assured the interface satisfies
the targeted persona’s goals without compromising the rest of persona’s satisfaction. Six types of
personas are defined:
Primary persona
The primary persona represents the primary target for the design of an interface. There can only be
one primary persona per interface for a product. Nevertheless, it is possible that some products have
several interfaces, each one of them intended to a different primary persona.
Choosing the primary persona is a process of elimination: each persona needs to be tested by
comparing its goals against the goals of the rest of personas. If the designer is not able to find an
obvious primary persona, it may mean two things: whether the product needs multiple interfaces or
the product tries to serve a too general purpose.
Secondary persona
A secondary persona is mostly satisfied with the interface designed for the primary persona, but has
specific and additional needs that can be accommodated without upsetting the product’s ability to
serve the primary persona. Usually, an actual interface has zero to two secondary personas.
Supplemental persona
User personas that are not primary or secondary persons are considered to be supplemental
personas.
Customer persona
Customer personas describe customer needs, not user needs. They are usually considered as
secondary personas.
Served personas
Served personas are not users of the product. Nevertheless, they are directly affected by the use of
the product. They provide means to track second-order social and physical ramifications of the
products. They are considered as secondary personas.
Negative persona
Negative personas are used to communicate to stakeholders and product team members that there
are specific types of users that the product is not being built to serve.

1.3.4.1.3

Requirement phase

The Requirement phase employs scenario-based design methodologies. Within goal-oriented design,
scenarios serve the purpose of satisfying the goals and needs of specific persona users. Personas
help us imagine which tasks are really important and why. Thus, the objective is to develop an
interface that minimizes necessary tasks while maintaining results. The starting point is a Context
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Scenario derived from the iterative refinement of the aforementioned “day in the life” scenario. The
outcome of this process is a Requirements Definition, comprising user aspects and business and
technical requirements.
Scenarios
Scenarios are well-known to usability professionals. Usually, they describe a method to solve design
problems through concretization [Carroll, 2001]: developing a specific story to build and illustrate
design solutions. Scenarios are quite concrete, but they also permit some freedom.
Carroll’s Scenario-based design is focused on describing how users perform their tasks. It comprises
environmental scenery and a set of agents or actors. These are abstract representations of the users,
named after the role they play, for example Programmer or Accountant.
Persona-based scenarios are concise narrative scripts that describe the sequence of actions of one
or more personas when using a product in order to achieve some specific goal. The content of the
scenario and the context are derived from the information gathered during the Research phase and
analyzed during the Modeling phase. This process involves a real-time behavioral and structural
synthesis.

1.3.4.1.4

Framework phase

Within the framework phase, two additional design methodologies are combined with context
scenarios to build the Interaction Framework. The first methodology is a set of interaction design
patterns that encode general solutions to previously addressed problems. The interaction design
patterns are hierarchically structured, constantly evolving as new contexts arise.
Once we have described the data and functional needs in this level, these are transformed into
design elements according to interaction principles. Eventually, those design elements are organized
into design blueprints and behavior descriptions. The outcome of this process is an interaction
framework definition, a stable design concept that provides the formal and logical structure for the
forthcoming more detailed design. This level of detail will be achieved through successive interactions
in more detailed scenarios.

1.3.4.1.5

Refinement phase

It is very similar to the Framework Definition, making a special emphasis in task coherence, using key
paths and path-centered validation scenarios, similar to storyboards of the interface in high-level
detail. The outcome of this phase is a detailed design documentation, a comprehensive specification
of both form and behavior.
Once a solid and stable framework is achieved, the Refinement phase starts: the description of the
interactions in the key path scenarios provides a concrete vision of the general coherence and the
flow of the product. Then, the definition of the look and feel is done.
The look is related to the graphical aspect of the different elements of the interface. It includes
definitions of several characteristics of the different elements that form the interface, such as shape,
color, font, etc. The feel is related to the dynamic behavior of the interface elements, e.g. the behavior
of a button after being pushed, the behavior of menus, etc.
The requirements are then defined following tables which are defined In the section “Preliminary
Patient Loop requirement” explained below.
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Motivation strategies
Methodology

Management of a chronic illness brings the patient a lot of responsibility. Daily, she/he has to make
decisions on medication uptake, lifestyle changes, preventive action, etc. Such self-management of a
chronic illness requires ability to manage 1) the symptoms, 2) treatment, 3) physical and 4)
psychosocial consequences and 5) life-style changes [Barlow 2002]. Management of a chronic illness
needs not only compliance to medication, but also behavioural change and new coping strategies,
because the chronic illness affects many areas of life [Newman 2004]. For many patients, the
optimum self-management is often difficult to achieve. This is seen, e.g., as poor compliance to
medication and as poor quality of life. Because of such difficulties, different interventions have been
developed to increase patient’s involvement and control in the treatment.
1.3.4.2.1.1

Cognitive Behavioral Therapy

Cognitive Behavioral Therapy (CBT) is a form of psychotherapy that focuses on influencing negative
emotions and behaviours. The negative emotions often contribute to inaccurate appraisal of events
and may lead to harmful behaviour. For example, if a patient makes a mistake and therefore believes:
“I’m useless and can’t do anything right”. This worsens his mood and leads to feelings of depression.
The problem may be worsened, if the person reacts by avoiding the activity in which he made the
mistake, because he/she then behaviourally confirms his/her negative belief. As a result, a successful
experience becomes more unlikely.
The key elements in CBT therapy are:
1) keeping a diary of events and related feelings, thoughts and behaviours relevant to the
problem
2) questioning and testing the patient’s own beliefs (e.g., “I’m not able of quitting smoking”)
3) recognition of activities that are being avoided (e.g., smoking cessation)
4) finding new, better behaviours
The ultimate goal is to educate the patient so that he/she can act as his/her own therapist. CBT is
recognized as one of the most widely used, evidence-based psychotherapy. It has been identified to
be cost-effective and have long-term effects, often longer-term effect than medication [Butler 2006].
Recently, CBT has been adapted for wide range of disorders and problems [Butler 2006]. Also
treatments utilizing the Internet [Cuijpers 2008] and electronic diaries [Lamminmäki 2005],
Lappalainen 2005] have been inspired by CBT. With cardiac patients, CBT has been used to treat
depression [O’Hea 2008, Shapiro 2007].
In HeartCycle, patients with CHD and HF often have behavioural problems, such as inactive lifestyle,
unhealthy diet, smoking or medication non-compliance. The focus of CBT in this context is to treat the
problems by first recognizing the behaviours that are harmful to the individual patient and then
gradually change the behaviours. A key element is again self-monitoring. The patients are taught to 1)
observe their behaviour, 2) identify the harmful behaviours, 3) make changes to their daily habits and
4) monitor the effects of the changes. With help of long-term self-monitoring, the patients gradually
learn which behaviours have positive effect on their health and which have negative effect. By
learning this, they can work on the problems that are relevant to themselves.
1.3.4.2.1.2

Trans-theoretical model (“Stages of Change”)

Behavioural change (e.g., increase of exercise, changes in diet, smoking cessation, etc.) is often the
first solution that is offered to a person having symptoms of a cardiovascular disease. Success in
achieving a behavioural change is very individual, because of different learned habits, environments,
etc. Different models have been developed to better understand the behaviour change. Transtheoretical model of change (TTM) focuses on health psychology and explains or predicts the
person’s success in achieving the behavioural change. TTM highlights that the support for patient
should be matched to the stage of change the patient is in for optimal progress.
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TTM explains that individuals go through six stages when adopting new healthy behaviours or
cessation of unhealthy behaviours [Prochaska 1997]. These six stages are [Prochaska 2001]:
1) Pre-Contemplation is the stage in which there is no intention to change behaviour in the
foreseeable future (usually in the next 6 months). The individuals are unaware or underaware of their problems. Their families and friends are often well aware that the precontemplator has problems. The pre-contemplators can be described as resistant or
unmotivated, because they tend to avoid information and discussion regarding the behaviour
change.
2) Contemplation is the stage in which the individual is aware that a problem exists and is
seriously thinking about overcoming it (in the next 6 months) but has not yet made a
commitment to take action. It is common that people remain stuck in the contemplation stage
for long periods.
3) Preparation is a stage in which the patient has both intention and some behaviour towards
the change. Typically, the patients in this stage are intending to take action in the next month
and have unsuccessfully taken action in the past year. They often report some small
behavioural changes, but have not yet reached effective action (e.g., abstinence of smoking).
4) Action is the stage in which the patients modify their behaviour, experiences and
environment in order to overcome their problems. Action involves obvious behavioural
changes and requires considerable commitment of time and energy. The patients are
classified into action stage if they have successfully altered their problem behaviour for a
period from 1 day to 6 months.
5) Maintenance is the stage in which the patients work to prevent relapse and consolidate the
gains attained during action. People are classified into maintenance stage, if they have
remained free of the problem behaviour and engaged in a new behaviour for more than 6
months.
6) Termination is the stage in which people have completed the change process and no longer
have to work to prevent relapse. Termination is defined as total confidence or self-efficacy
across all high-risk situations and zero temptation to relapse (e.g., skipping exercise results
frustration rather than pleasure).
There are many ways to measure the stage of change for an individual patient. The most common
way is to ask questions. The stage of change is then determined based on the answers. Suggestions
of questions for finding out the stage of change:
1) Pre-contemplation, if the patient answers “No” to question: “Are you seriously intending to
change the problem behaviour in the near future, within 6 months?”
2) Contemplation, if the patient answers: “Yes” to question: “Are you seriously intending to
change the problem behaviour in the near future, within 6 months?”
3) Preparation, if the patient answers “Yes” to question: “Are you intending to change the
behaviour in the very near future?”
4) Action, if the patient answers “Yes” to question: “Have you successfully altered the problem
behaviour for a period of 1 day – 6 months?”.
5) Maintenance, if the patient answers “Yes” to question: “Have you been able to remain free of
the problem behaviour and are you constantly engaging in the new behaviour since more
than 6 months?”
6) Termination, if the patient answers “Yes” to question: “Do you have total confidence through
all risk situations and zero temptation to relapse?”
In HeartCycle, the TTM can be used to determine the stage of change the individual patient is in.
This can be done, e.g., by using questionnaires and frequency of measurements done. When the
stage of change is known for an individual patient, it can be better estimated, which type of support is
useful and which is frustrating. Thus, it is possible to select, what type of information is shown to the
patient. For example, for patients in the early stages (pre-contemplation, contemplation) the system
can offer CV risk questionnaires to make the patient understand that he/she has a problem that
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requires action. For patients in the maintenance stage, it is important to show information that guides
how to avoid relapse.
1.3.4.2.1.3

Chronic Disease Self-Management Program (CDSMP) / Expert Patients Programme
(EPP)

Chronic Disease Self-Management Program (CDSMP) is a self-management program for people with
one or multiple chronic illnesses [Lorig 2001]. The same program is used across many different
chronic illnesses, such as arthritis, diabetes, heart and lung diseases. The program is a 6-week
(originally 7-week), small-group intervention program that is taught by peer instructors from a highly
structured manual [. The program emphasizes patients’ psychosocial skills: problem solving, decision
making and confidence building.
The CDSMP program has been largely evaluated, e.g., with American [Lorig 2001], Dutch [Elzen
2007 and Smeulders 2006] and Chinese patients [Siu 2007]. In the UK, the program based on
CDSMP was developed under name Expert Patients Programme (EPP) [Richardson 2008].
The CDSMP program consists of six sessions, lasting 2.5 h each. Each session has two leaders and
number of patients in each group intervention is about 10. The program topics cover 1) techniques to
deal with problems such as frustration, fatigue, pain and isolation, 2) appropriate exercise for
maintaining and improving strength, flexibility, and endurance, 3) appropriate use of medications, 4)
communicating effectively with family, friends, and health professionals, 5) nutrition, and, 6) how to
evaluate new treatments. The topics covered in the sessions are [Lorig 2001]:
•

Overview of self-management and chronic health conditions

•

Making an action plan

•

Relaxation/cognitive symptom management

•

Feedback/problem solving

•

Anger/fear/frustration (managing negative emotions)

•

Fitness/exercise

•

Fatigue management

•

Healthy eating

•

Advance directives

•

Communication

•

Medications

•

Making treatment decisions

•

Depression

•

Informing the health care team

•

Working with health care professionals (prepares patients to collaborate with health care
professionals and the health care system)

The patients taking part in the program, experienced small, but statistically significant improvements
in health status, health behaviours, and self-efficacy. In addition the patients taking part in the
programme made fewer visits to emergency department. The program has been found cost-effective:
cost-to-savings ratio of 1:4, the cost being about $200 per patient [Lorig 2001]. The study in China
found the program applicable for Chinese population [Siu 2007]. In Chinese population the program
primarily increased self-efficacy, exercise behaviour and application of cognitive coping strategies of
the participants.
Several of the topics covered in the CDSMP program are relevant for HeartCycle project and there
are several lessons to learn when designing the computer-assisted patient education system in
HeartCycle. Especially interesting is the focus on teaching the patients communication skills to better
communicate with health care professionals and the health care system.
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Preliminary motivation strategies proposal

The HeartCycle system focuses on chronic disease management and patient empowerment in the
disease management process. When designing a system for long-term disease management, it is
important to use methods that are not too laborious to the patient. The patient will do measurements,
fill in questionnaires and see/hear the possible reminders daily. If the system requires too much
patient attention and interaction, the patient will soon find it irritating. Thus, the system must interfere
as little as possible with the daily life of the patient. For example, automatic vital sign measurements
decrease the need for user interaction, but give the possibility to follow effect of behaviours on the
data.
The proposal on how the HeartCycle software will support patient motivation and coaching includes
components such as:
•

Information for self-management

•

Goal setting

•

Data visualization

•

Calendar

•

Reminders

•

Messages to/from clinician

•

Application help

•

Questionnaires

•

Rewards

Information on self-management covers educational information on the disease and its
management. The topics to be covered include the disease (basic physiology, symptoms, etc.), care
plans, medication, exercise, nutrition and daily disease management, communication, etc. Information
can be implemented as browsable content or as tips that pop up when relevant. Such tips could, e.g.,
help in coping with difficult situations. All content should be matched with the patient state of change
(as described above). Patient stage of change is found out with questionnaires. CBT can be utilized in
teaching the patients the importance of self-monitoring and by giving immediate feedback after each
measurement, thus easing the recognition of harmful behaviours.
Goal setting is an important element in CBT. Goals can be set, e.g., in amount of weekly exercise or
in weight. The patients should target at small changes at a time. The system should check any goals
and warn of too large changes or changes towards wrong direction. Inspiring goals can make the use
of the system rewarding. The system can also ask for patient opinion on which behaviours would
he/she like to work on and provide a drag & drop list of the behaviour changes. Patient then selects
the ones he/she would like to work on.
Data visualization is an important part of the HeartCycle system. Sensor data can be visualized
directly (e.g., blood pressure) or after combination into broader indices (e.g., HealthStatus). Data
visualization helps the patient in seeing the trends in his own data and in recognizing the “plain facts”.
Immediate feedback after measurements, as well as long-term trends increase self-knowledge and
motivation. Effective feedback is useful for the patient and much of the perceived usefulness of the
system is dictated by effectiveness of the given feedback. From motivation point of view, letting the
user decide, which variables are measured, visualized and sent to health care professionals is an
important factor. Graphs that the user does not want to follow, can be removed from patient UI.
Calendar application ties the health measurements into user’s daily life. While managing other
appointments, the user can 1) view his/her health trends and 2) get reminders. Additionally, the
system can also 3) get context data (e.g., day type, such as holidays, travelling, etc.) from the
calendar appointments. The calendar data can be synchronized between fixed and mobile devices.
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Reminders can be triggered using the calendar application. The reminders help the user in
remembering the daily events, but also remind him, e.g., about the importance of taking medication
properly. The latter type of “information reminders” can be triggered, e.g., once per six months. The
reminders should be configurable. E.g., three levels can be used: 1) none, 2) discreet and 3) alarm.
Depending on the user selection, the system may give different reminders on different items. E.g.,
medication reminders can be selected to be alarms with audible sound, but exercise reminders can
be discreet (e.g., a small exercise icon in the corner of the screen on the day when exercise has been
scheduled).
Messages to/from clinicians allows patients to receive messages from professionals and also send
messages to professionals. Messaging helps the patients in getting professional opinion when they
need one. It also helps the professionals to contact the patient, if they notice alarming trends in
patient data.
Application help gives help on how to use the application and different functions of the system. This
help can be browsed, e.g., by selecting the Help-function.
Questionnaires are used to collect data from patient (such as depression, symptoms, diet, quality of
life, etc.). However, they can also be used to motivate the patients if timed correctly. Questionnaires
are also needed in detecting the patient stage of change that is required for adapting the information
and functions for each individual patient.
Rewards can be small things like a note or symbol on the screen that recognizes healthy behaviour.

1.3.4.3

Preliminary Patient Loop requirements

1.3.4.3.1

Use cases

The patient loop will provide a user interaction system that will agree with the following high level use
cases:
uc Use Case Model

Perform physical
actv ities

Drug management

Perform
measurements

Multimedia content

Answ er the
questionnaires

Communication w ith the
medical professional
Personalize the
system

Receiv e alarm /
reminders
Patient

These use cases separate different kind of services and functionalities but they’ll be designed to
interoperate themselves in order to:
• Provide a tele monitoring system for CAD and HF patient focused on the early
detection of decompensation

•

Provide an education platform to promote:
o An Healthy Lifestyle
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To keep the patient more aware about her medical condition (for symptoms,
drug and side effects)
o Adherence to the therapy suggested by the physician
o Self control of food intakes
Provide an easy to use and minimal obstructive application for patient’s way of life. It’s
important to minimize the interaction with the patient. Implicit output will come from the
aware of the system. Personalization of the system will help the patient to feel more
comfortable during its use. Motivation strategies will endorse the user interaction system.
o

•

Use Case

1

Actor

Patient (CAD & HF)

Title

Perform physical activities

Purpose

Improve healthy lifestyle / follow medical protocol (care plan)

Precondition

•

Patient decides to perform an exercise

•

Physician configure in the care plan physical exercise

OR

Post Condition

Data received from Wp4 platform

Scenario

INDOOR

Functionalities

OUTDOOR
• Data acquisition from the sensor

Data from the
context

1.3.4.4
1.3.4.4.1

•

Data transmission module

•

Workflow for the specified activities

•

Help on line

•

Weather for outdoor exercises

•

Time for scheduled activities

•

Health status of the patient

•

Care plan from Wp5

Context awareness
State of the art of Context aware systems

In this section a general overview of context aware applications is provided with some state of the art
examples both in terms of general context definitions and architectural approaches.
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Context definition
When humans communicate they make use of implicit information that refers to the situation of the
subjects that are talking to each other. In human-computer interaction, classically the means for
communicating are very poor. Usually the inputs received by a computer program are only the
position and click of a pointer (commanded by a mouse or some similar device) and the letters type
on a keyboard. Computers, in a classical human-computer dialogue model, can’t are exploit the
information provided by the context of the user.
A classical example is the following: let’s suppose that two humans are in a meting, if they are not
supposed to talk, they will try to wait until they have the speech, or they will interchange little
messages in a low voice. When regarding computers, let’s suppose a PDA receives an incoming
message and has to alert the user. Depending on how the user configured the PDA, the device could
emit a noisy alarm, thus disturbing thre ongoing meeting. If the devices were aware of the user’s
context the accident would not have happened.
The first definition of context awareness appeared in Schilit and Theimer [2], they refer to context as
location, identities of nearby people and objects, and changes to those objects. In a similar definition,
Brown et al. [3] define context as location, identities of the people around the user, the time of day,
season, temperature, etc. Ryan et al. [4] define context as the user’s location, environment, identity
and time. In [5], Dey enumerated context as the user’s emotional state, focus of attention, location
and orientation, date and time, objects, and people in the user’s environment.
More mature and wide definitions come from Schmidt et al in [6] and in Dey [7].
The former work proposes a hierarchical model where two main categories: human factors and
physical environment embrace the majority of possible context information. Human factors include the
user information (identity, emotional state, bio-physiological conditions …), users’ social environment
(social network, group dynamics, roles …) and user’s tasks (spontaneous activity, engaged tasks,
general goals …). Likewise the physical environment comprises location (absolute, relative to assets
…), infrastructure (surrounding computational resources, computer networks, nearby humans …) and
physical conditions (temperature, light, noise …).
The latter work divides the context into four main categories: identity, location, time and activity that
are similar to the who, where, when and what of an entity. Identity describes the user in its –almoststatic properties: identity, physical and psychological conditions, social network, social roles, etc. The
location describes the physical environment of the user, the user’s coordinates, the surrounding
assets (human and computational), the physical variable of the environment like the weather, the
lightings, etc. The time category simply describes the current date and time, but could carry relevant
information like the season, if it’s holiday, etc. The activity information describes what the user is
doing, and what is supposed to do, that is the spontaneous activities and tasks.
The two definitions comprise almost the same information. In order to compare the definitions, the
following table shows how a set of context data is mapped into the described hierarchies:

User

Human factors
Social
Environmen
t

Where

Who

When
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l conditions

nearby
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spontaneou
s activity,
task

From the comparison some observations arise:
1. The Where category is equivalent to the Physical Environment category.
2. The What category is equivalent to the Task category.
3. The Who category comprises both the User and the Social Environment categories.
4. The When category, which would comprise the time and date information is not embraced
into the Schmidt’s model, although is probably one of the most relevant variable that a context
aware system should take into account.
Context data can be acquired explicitly from the user input or implicitly by automatically sensing the
user environment. User direct input can be, for instance, a calendar where the user specifies what
kind of activities is going to perform in the future, while automatic sensing can include the data
coming form smart environments that could calculate the user location, or some bio-physiological
parameters.
It is evident that the definition of context is such wide and open that could potentially be too vast for
the practical use. Most of the related literature expresses the need of a practical definition of the
context, tailored to the human-computer interaction.
Independently from the definition, a context is a recursive concept. For example a user may have a
contact list of persons, which can be users of the system themselves. In [7] there is a clear reference
about primary and secondary contexts: while a primary context is the one used for the concrete
application and user, secondary contexts can be attributes of the primary context. This property
implies a connected structure in the information space of the context: for instance a user’s contact list
can index a person identity which can then index a location that is shared by the same user. For this
reason hierarchical models should be avoided when structuring the context data.
Data representation and reasoning
The way the context information is represented and implemented has important consequences on the
scalability, the flexibility, and the ease of processing such data [8], [9].
The literature presents plenty of possible models to represent context data. The following is a short
overview [10]:
1. Key-value model:
In this simple model the context is represented by simple attributes [11]. The model is very
easy to manage and can allow existing discovery services to read the context data, but is
very limited when one needs to structure complex context information.
2. Markup scheme models:
The data is here structured in a hierarchical model consisting in tags with attributes and
contents. The implementation of this models is relatively powerful, but its computation can be
little scalable.
3. Graphical models:
They use well-known graphical tools for the modelling of domains. Known examples are
Unified Modelling Language [12], Object-Role Modelling [13], Conceptual Graphs [14]
4. Object oriented models:
Use the object oriented approach with its main benefits like encapsulation and reusability.
The processing of context data is encapsulated into objects and hidden to other components.
The main advantage of such approach is the simplification of very complex domains by the
encapsulation and the definition of common interfaces [15].
5. Logic based models:
Are formal models that define the context by means of facts, expressions, and rules. The
inference of such models can be used to find new facts basing on existing rules. On of the
first approaches in such sense is described in [16].
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6. Ontology based models:
Ontologies provide a mean to structure knowledge in a formal way. They allow the
specification of core concepts as well as an arbitrary amount of sub-concepts and facts
allowing the possibility to easily implement reasoners in a standard way. Furthermore,
Ontologies enable the sharing of the knowledge and its reuse in a distributed environment.
Many context aware systems use this technique to model the information [17], [18], [19], [20],
[21], [22], [23].
In order to evaluate these modelling techniques, [10], make a comparison using the following
parameters:
 Distributed composition: as the capability of the model to be extended and distributed
easily
 Partial validation: means the possibility to partially validate the contextual data as it
can be available only in some subsets
 Richness and quality of information: as the support for different granularity and quality
of the retrieved data
 Incompleteness and ambiguity: the model should cover incomplete and ambiguous
data
 Level of formality: means that facts are descried in a precise and traceable manner
 Applicability to existing environments: the model must be implemented easily
The final scores give object oriented models and ontology models all of the above-mentioned
characteristics, with a certain preference on Ontologies.
The type of modelling technique can ease the implementation of reasoning methods above the
contextual information. The literature presents basically two kinds of reasoners:
1. Ad-hoc rule engines:
Use rules to trigger events based on the contextual data. Many systems implement ad-hoc
engines capable of inferring the context on the base of a first-order logic language [11], [24],
[21], [25], [20], [23].Other implementations use general rule engines like FaCT [26].
2. Ontology based techniques:
Ontologies can provide means of inferring the data structure in a native way. The most used
language for Ontologies, OWL [27], already integrates description-logic rules, e.g. for
transitive and inverse relations. On top of OWL more complicated reasoners can be built
using rule languages or SQL-like languages like RDQL [28]. A free [25], [17].
The use of general engines is proven to be less performing than ad-hoc implementations although till
feasible for non time-critical applications [29]
Context Aware architectures
The first definition of a context aware application was given by Schilit and Theimer in [2], although the
very early example is known to be the Olivetti’s Active Badge [30]. Context aware applications can
make use of the context or adapt to it. In the first case the applications detect, sense the user’s
environment and may respond to it while in the second case the applications are built in order to be
flexible to the context itself.
In [31] the authors propose taxonomy of possible ways in which an application can react or modify its
behaviour depending on the context. The article suggests the following possible features:
1. Provide an adapted interface to the user depending on the context (for instance highlighting
the proximate resources in a list of available ones).
2. Auto configuration of some parameters of the application using the context in order to exploit
resources (example, the choice of the printer).
3. Automatically perform actions triggered by some combinations of context (for example play a
sound whenever the user approaches the fridge).
4. Improve collaborative tasks by filtering or adapting the output using the context (for example
show virtual notes that have been placed by users in some places)

Version 1.0
26/08/2008
Final

Page 43 of 86

FP7-216695 – HeartCycle

Deliverable 4.B – Publishable Deliverable 4

The authors claim that the exploitation of resources is actually included both in their presentation or in
the automatic execution of a service, thus the second feature could be avoided.

Literature presents works that vary the adaptability of context aware architectures from just the
adaptation of the user interface [32] to programming models that comprise the context as part of the
programming language [33].
Giving a deep look at literature, one can find that almost all the proposed architectures comprise the
following modules:

1. Sensor:
Is the electronic equipment that digitalizes a physical variable and provides it using some
mean of communication (typically a wireless network with ad-hoc protocols). E.g.: an
accelerometer
2. Sensor Middleware:
Is the software component that drives the sensor and provides the data to upper layers. It
abstracts the sensor specificity and its communication mechanism in order to provide just the
data. E.g. the software driver of an accelerometer.
3. Pre-Processor:
Processes the row data in order to reduce the noise related to the signal that has to be
acquired. E.g.: some high pass filter in order to cut noise
4. Semantic Extraction:
Translates the signal information (the processed samples) into a more synthetic, and more
couples to the application, information. E.g.: the user is walking/running/still
5. Data Aggregation:
Aggregates data from one or more sources in order to provide a new semantics. E.g. the user
activity plus the user position can give more information about what he is doing (a user who’s
still in the kitchen is probably eating)
6. Context Repository:
Is the access point of all the context information. Can be distributed on multiple machines, or
can be centralized.
7. Context Proxy:
Launches events triggered by certain conditions in the context variables. E.g. the activity level
goes too high and an alarm is generated.
8. Context Consumer:
This module represents the application that actually uses the contextual information.
These modules can be found in different articles, with different names and different composition, but
have approximately the same functionalities in all the architectures.
For instance [34] comprises sensors and widgets, that is equivalent to our sensors and their
middleware, an aggregator, and interpreter, equivalent to the semantic extraction, and the Application
that represents the context consumer. [23] describes the Gaia middleware architecture. The authors
propose the following modules: the Context provider that comprises the sensor, its middleware, and
the pre-processor, the Context Synthesizer that includes the functionalities of the semantic extraction
and data aggregation, the Context Provider Lookup Service that can be assimilated to the context
proxy and the Context Consumer. Moreover the article adds two elements that are not included in our
general classification: the Context History Service, that provides the past instances of the context,
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and could be included in the context definition itself, and the Ontology Server, that is used for
semantic interoperability, and is, therefore, more related to the technical implementation.
Independently of the architecture; it is clear that context aware systems always comprise at least a
complex middleware that supports the retrieving of the context information, and the applications that
make use of such information. Regarding the design of the application (the context consumer, in our
architectural survey), there are two major design principles. The first one is formal, and tries to define
a programming model for creating applications adaptable to the contexts. The second one is
pragmatic; it consists of applying known programming techniques in order to exploit the contextual
information.
In [35] the author introduces a paradigm where the programming language allows terms (also called
gaps or holes) that must be filled with the current value taken from the context data. In a more general
fashion [33] proposes a programming paradigm where the applications can “directly supports
variability depending on a large range of dynamic attributes”. In their paper the authors suggest to
structure the software in a way that it can be adapted to changing actors’ behaviours, environment
behaviours and system behaviours. Their approach encompasses the development of the whole
context aware system including middlewares that should be used to retrieve and interpret the context
variables.
Regarding the pragmatic approach, three types of implementations can be considered [23]:
1) Ad hoc implementations:
We talk about ad-hoc solutions when the applications are built to satisfy a specific purpose. In
many cases ad-hoc implementations are the only possible ones, although at least some part
of their logic can be included in a more general framework.
2) Rule-based implementations:
In this case rules are used to specify the application’s behaviour. These rules consist of
conditions and actions. Whenever the context changes the rules are evaluated in order to
assert if an action must be performed. Rules can be specified in some form of logic like first
order logic, temporal logic, description logic, higher order logic, fuzzy logic, etc.
3) Machine learning implementations:
Machine learning algorithms allow the applications to be adapt themselves to changing
scenarios. Many techniques can be applied like Bayesian networks, neural networks, support
vector machines, etc. In any case the system must be trained whether with some previously
acquired training set, or whether online by learning on the user input.

1.3.4.4.2

Preliminary solution for context awareness

Our proposal of a context aware system does not differ from the ones reviewed in the state of the art,
but tries to accomplish the needs of the Heart Cycle application.
Context definition
As Context definition in Heart Cycle we will take into account the definition given by Dey in [7]:
“Context is any information that can be used to characterize the situation of an entity. An entity is a
person, place, or object that is considered relevant to the interaction between a user and an
application, including the user and the application themselves.”
More specifically, a first overview of possible context data that can be included into the Heart Cycle
application can classified in the following way:


Who category:
user identity, type and severity of disease, current health status, age, physical handicaps,
user interaction preferences, user’s care givers, home environment (living with family, alone),
degree of personal support (nurses or family)
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Where category:
current general location (at home, outside), indoor location (actual room in the house),
relative location (distance from resources like medical instruments etc.), remote and local
resources (computational, storage, networks, sensors), local environment physical variables
(temperature, weather, light)
What category:
patient daily routine, current activity, general goals
When category:
the current time, the past activities

Our definition includes the history of the context, in the sense that at least some synthetic data of the
past context should be persistent and available to the applications. This requirement is strictly useful if
one wants to make the application adaptable to the user’s behaviour.
Context modelling and reasoning
WP4 will use Ontologies as a mean to formalize its data model.
The main reasons for this choice is that it is a widely used approach in similar projects, because it can
ease the sharing of information among different entities in the Patient Loop and outside of it, and
because Ontologies offer ready-to-use methods to do implement reasoning on contextual data.
The model should be implemented using the OWL-DL [27] language as it represents the state of the
art in Ontologies that need to be processed automatically. OWL-DL allows the maximum
expressiveness without losing computational completeness (all entailments are guaranteed to be
computed) and decidability (all computations will finish in finite time) of reasoning systems. Other
specifications of the language (OWL-Lite and OWL-Full) are either too limited in expressivity, or does
not guarantee its computation.
Regarding reasoning, there are some freely available tools that can be used directly on OWL
instances. One very commonly used tool is Jena [36], which allows the execution of SPARQL [37]
and includes a rule-based inference engine.
The performances of Jena have proven to be implementable in a modern personal computer [38],
although the total overhead caused by the semantic infrastructure could limit the choice of the
interaction device. The proposed implementation will be, however, submitted to benchmarking tests in
order to evaluate the feasibility of its deployment in the actual finally chosen device.
In alternative to this approach, an ad-hoc object oriented model will be considered, as the
methodology does neither constrain the expressivity of the model, nor the application of rule engines
on it.
A context aware architecture proposal
In this section we will describe a proposal of architecture for the context aware system that will be
used into Heart Cycle Patient Loop.
Architecture description:
The proposed architecture is similar to the ones described in the literature. It comprises the following
modules:

Version 1.0
26/08/2008
Final

Page 46 of 86

FP7-216695 – HeartCycle

Deliverable 4.B – Publishable Deliverable 4

Context
Consumer

Context
Consumer

Context Proxy

Context Repository

Context
Aggregator

Context
Source

Context
Source

Context
Source

Sensor Middleware

Sensor

Sensor

Sensor

Context Source
Provides basic data of the context. The source can gather data from:
1) local sensors using the sensor middleware ( for example the temperature from a weather
station, or the weight from a weight scale)
2) use other external sources (for example the weather forecast from a web site or the health
care plan from the hospital’s server)
3) use fixed data, known a priori (for instance the house plan or some configuration data)
Context Aggregator
Combines two or more context sources in order to provide more significant data. One example could
be an aggregator that takes the current position of the user from one source and the fixed position of
some assets from another source. The aggregator could combine these data and provide the relative
proximity of the user to the assets.
Context Repository
Provides the access to the context data for the applications. A repository must implement a method to
query the data structure and get data. Must be capable of generating OWL data to be interpreted by
reasoners.
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Context Proxy
Provides mechanisms to trigger certain events based on rules. A proxy must implement two methods:
 a method where application can subscribe a rule that triggers an event
 a method to launch events towards the applications
The rules will be described using the Inference engine contained in Jena [39].
Context Consumer
It’s the application that uses the context data. Consumers can both query the repository
(implementing a polling mechanism) or wait for an event to be launched (implementing a push
mechanism).
Application design
The design of the application will follow the pragmatic principle. The reason is that context aware
programming is still too immature, and it preferably requires a new programming language, with new
compilers and runtime environments, that are nowadays merely prototypes.
In our proposal applications (Context Consumers, as defined previously) can navigate through the
context data structure and query for particular values, or can register for events when they need to be
advised on particular conditions.
Events are launched basing on rules that can be described by means of:
 RDFS
 OWL
 General purpose rules described in the language proposed in Jena2
An application can subscribe a rule to a Context Repository that will describe a condition that must be
satisfied to launch an action. The condition will include variables that must be read in the context,
values and logic operators. A possible rule is for example:
IF where.user-house.bedroom.temperature > 20 AND where.user-city.weather == sunny
THEN LAUNCH airConditioningON
The variables where.user-house.bedroom.temperature and where.user-city.weather must be
substituted with the actual values of the context and the variable airConditioningON will be interpreted
by the application, for instance, to switch on the air conditioning.

Context
Consumer

Launch

IF temperature > 40
THEN LAUNCH action1

Register
Context Repository
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1.3.5 WP5
WP5 develops a scalable open standard technological platform which enables the implementation
and time to market deployment of remote management services (such as the ones defined and
specified in WP1), developing standard based interfaces with electronic medical records. WP5
provides the technological means that enables integration of the HeartCycle system inside existing
healthcare systems, by facilitating the tools for personalised management of chronic diseases and
risk conditions.
In this report, Personal disease management systems (PDM) are introduced. A general overview of
the problems addressed by PDMs is given, providing some examples in real medical environments.
Then, the roles associated to care givers are outlined and the tasks related to each of them are listed.
Finally, a state-of-the-art in Heart Failure programs with and without connected measurement devices
can be found. In addition, a reference architecture for Personal Disease Management systems
proposed by the Continua Health Alliance is described. The last chapter explores in more detail
ontologies and how they will be used in HeartCycle
1.3.5.1
1.3.5.1.1

Personal disease management systems
Overview

HF is an especially complex chronic condition. The complexity comes from:
 Many co-morbidities that the HF patients have, including previous myocardial infarction (MI),
coronary artery disease (CAD), hypertension, diabetes, chronic lung disease (COPD), or
kidney (renal) dysfunction. The treatment of these need to be orchestrated with HF treatment
such that the therapy for one does not worsen the other and vice versa.
 A great number of symptoms aforementioned that require the patient to monitor his/her vital
signs on a daily basis, take great number of medications, and do significant adjustment of
his/her lifestyle and diet.
Due to the reasons listed above, A HF patient is usually managed by a multidisciplinary care givers
team. For example, a study of HF programs in the Netherlands 7 revealed that 60% of hospitals have
a form of HF management program that involves roles from various care givers as shown in Figure 9.

Figure 9: Medical professionals involved in heart failure clinics in the Netherlands in 2003 (survey of 85 hospitals)

Each of the HF care givers has a different role and tasks in the HF care cycle as discussed in the
remainder of this section. To be able to illustrate variability of roles and tasks, we first outline the
7

Jaarsma, T., Health care professionals in a heart failure team. European Journal of Heart Failure 2005. 7(3): p. 343-349
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generalized patient flow through each phase of the HF care cycle. In outlining the patient flow, we
start with generalized patient flow in Section 1.3.5.1.2 to then zoom into patient flow in two regions,
UK and the Netherlands in Sections 0 and 0, respectively. Then, Section 1.3.5.1.3 identifies the care
givers roles and tasks, as well as assesses their importance for HF management as potential users of
the personal disease management (PDM) systems. Typical care providers involved in the HF care
cycle are depicted in Figure 10(a). The HF phases relevant for PDM are marked by a dotted semicircle.

1.3.5.1.2

Generalized HF Patient Flow

A possible flow of a HF patient through the healthcare system, from one care provider location to
another, is shown in Figure 10 (b). The HF flow presented is a generalization as regional and
institutional variations apply. Arrows in the Figure 10(b) indicate a patient moving from one location to
another. Bidirectional arrows indicate that the patient might return to the location before moving into
another one.
A patient could enter the HF care cycle at:
 the primary care physician (PCP) office, if (s)he did not have previous cardio-vascular episode;
 the cardiologist office, if (s)he has previously been treated for a cardiovascular disease (CVD);
and
 the emergency room (ER), if (s)he experiences severe acute symptoms.

Figure 10: Care providers and their distribution over the HF care cycle in (a) and generalized HF patient flow
through the healthcare system in (b)

To illustrate diversity in patient flow, we next discuss a possible path of a HF patient in the HF clinic at
Castle Hill Hospital in UK 8.
Example of HF Patient Flow in UK
As shown in Figure 11, the patients enter a HF management program from two routes, via the PCP or
via outpatient clinics, e.g., a clinic for kidney diseases.
The PCP would, based on patient’s complaints normally conduct physical examination and blood test
to determine HF. If the PCP finds signs to support patient’s symptoms, the patient is referred to a
cardiologist in a hospital. The cardiologist would then conduct thorough diagnosis procedure and
make baseline measurements of vital signs such as weight, blood pressure, pulse, etc. If HF is
8

Cleland, J., P. Atkin, and D. Cullington, Patient flow and responsibilities of medical professionals in HF clinic at Castle Hill
Hospital, Hull, UK. 2008.
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established as diagnosis, the cardiologist prescribes initial medication treatment and discusses the
disease of the patient (education) in a limited form (due to time constraints).
The patient is then referred back to his/her PCP with the letter from a cardiologist that explains the HF
diagnosis and the treatment the patient is undergoing. Based on the content of the letter from the
cardiologists, the PCP will refer the patient to the British Heart Foundation (BHF), where the patient
will get support for his condition in terms of education by a HF nurse at BHF and get the referral to the
outpatient HF centres for rehabilitation.

Figure 11: An example of a possible patient flow through the British health system

Note that if the HF is diagnosed while patient is hospitalized due to the acute cardiac episode, the
previously described route through the healthcare system could be shortcut if the HF unit exists in the
hospital. In such a case the patient would directly be referred from the cardiologists to the HF nurse
that conducts the rehabilitation program.
Example of HF Patient Flow in the Netherlands
In the Netherlands, according to study done in 2005 9, the majority of HF patients are managed by a
combination of a PCP, a HF nurse and a cardiologist. As shown in Figure 12, the urgent patient will
be diagnosed by a cardiologist (to whom the patient gets via ER visit), while a non-urgent patient is
most likely to first be assessed and, in 42% of the cases, even diagnosed by a PCP. Often during the
HF management, the cardiologist/HF nurse sees a stable HF patient once or twice a year, while the
GP provides daily care throughout the year. However, the relationship and the responsibilities in HF
management between PCP, HF nurse and cardiologist depend heavily on how they decide to
cooperate. A cardiologist can refer a patient to a HF management program.

9

Jaarsmaa, T., et al., Management of heart failure in The Netherlands. The European Journal of Heart Failure, 2005. 7: p. 371375.
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Figure 12: An example of a possible patient flow through the Dutch health system

1.3.5.1.3

Care Givers Roles and Tasks

The roles and tasks of care givers involved in a patient’s HF management are listed in Table 5. A task
marked by “●”/“○” is fully/partly performed by the corresponding care giver. The tasks are grouped
into the following categories: screening, diagnosis, engagement and general support. The first three
categories can directly be mapped to the corresponding phases of the HF care cycle with the
following remarks.



Treatment category is omitted as it encompasses invasive treatments in a hospital that are
outside of the scope of PDM.
Screening of general population or population with high CVD risk is currently not routinely
done, but it is envisioned as the next step in the HF diagnosis. An especially useful indicator
that can be used for HF screening is the level of a brain natriuretic peptide (BNP) in the
blood 1011. Elevated levels of BPN indicate that the heart has been working harder than usual
over a longer period of time, which is a good predictor of HF. Currently, BNP levels can be
determined via blood test. Results can be obtained fast (within 10 min). It is believed that in
the future all patients with high CVD risk will be screened for HF via a BPN blood test during
their regular visits to the PCP office.

10

Goode, K., A.L. Clark, and J.G.F. Cleland, Ruling out heart failure in primary care: The cost-benefit of pre-screening using
NT-proBNP and QRS. International Journal of Cardiology, 2007. Article in press.
11

ACC, Journal of the American College of Cardiology (JACC), 2008. 51(10).
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PCP
office

Screening
(general
population)

Blood test (BNP)

Medical history and physical exam
Vital signs
Diagnosis

Laboratory exams
Other diagnostic tests
Collaborative plan of care, incl. Comorbidities
Monitoring

●

●
●
●
●

●

●
●
●
●

○
○
○
○

●

○

Nutrition

○

○

●

●
●
●

Physical
activity

○

○

●

●

○
○

○
○

●
●

●
●

●

Sleep
disorders

○

○

●

●

●

Weight

○

○

●

○

Signs of
worsening

○

○

●

●

○
○
○
○

○
○
○
○
○

Vital signs
Surveys

Smoking
Education
and
counselling
Lifestyle
change

(Outpatient)
Management

Stress

Depression
Self-efficacy
Behavioural
change

Attitude
Attention
Compliance

Initiate and titrate
Medication
management

Other
professionals
General
support

○

●
●

Adjust medications
Education and counselling

○
○

Referral to

●

Ongoing communication

●
●

Compliance

○
○
●

●
●

●

●

●

●
●

●

●

Alerts due to vital sign worsening
Hospital Information System
– EHR

○
●
●

●

●

●

●
●

●

●
●
●
●
●
○
○
○
●
●

●

○
○

PDM system
8,11 12 13 14 15

Table 5: Roles and tasks of care givers, derived from [

, , , , ]

12

Thompson, T.L., et al., Nurse Practitioners in Canadian Heart Failure Clinics: Evidence to Support Their Presence on
Healthcare Teams. Nursing Leadership (CJNL), 2007. 20(2): p. 81-94.
13

Mayo Heart Failure Clinic 2008, http://www.mayoclinic.org/cardiovascular-rst/heartfailureclinic.html.

14

American Association of Heart Failure Nurses. 2008,
http://aahfn.org/membership_2008/Are%20YOU%20a%20Heart%20Failure%20Nurse.pdf.
15

Heart Failure Questions and Answers. Advanced Heart Disease Center at Brigham and Women's Hospital 2008,

http://www.brighamandwomens.org/cvcenter/advancedheart/.
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The management category in the table encompasses three phases of the HF care cycle from Figure
10(a), namely management, surveillance, and secondary prevention.
The general support category refers to activities such as referral to the other professionals and
potential use of technology such as hospital information systems, including EHR, and a PDM system.
Next, we describe the role and tasks of each care giver in detail. The tasks are depicted in
Figure 13 and Figure 14. Multiple colour instances of a task indicate that different care givers can
perform it.
Primary Care Physician (PCP) is typically a role of a family doctor or a general practitioner (GP).
The PCP normally performs the initial assessment via the diagnostic procedure shown in
Figure 13. The assessment includes:
 Medical history and physical examination
 Vital signs, such as blood pressure and weight
 Laboratory exams, especially BNP levels in the blood
If an initial assessment confirms indications of HF, the PCP refers the patient to a cardiologist.
Cardiologist conducts further examinations, as illustrated in Figure 14. Depending on the patient’s
symptoms the cardiologist will perform a number of tests. The most common ones are:
 Medical history and physical examination.
 Exercise testing (walk test) to determine the exercise tolerance, important for patient
stratification and diagnosis.
 Laboratory exams, e.g., blood tests for BNP levels, as well as other biomarkers to exclude
infection (leukocytes) and determine the potential co-morbidities.
 Echocardiogram
 Other diagnostic tests, including electrocardiogram (ECG) and chest x-ray.
The cardiologist could refer the patient for further non-invasive procedures such as:
 Lung function tests
 Cardiac Magnetic Resonance Imaging (MRI)
 Nuclear medicines techniques
 Multi-slice Computed Tomography (MSCT)
The type of the procedure greatly depends on the co-morbidities and HF causes as shown in Figure
14. In the majority of the HF patient population CAD is the underlying cause and the most prominent
co-morbidity. Therefore, the majority of invasive procedures in this phase frequently are to identify
and treat CAD.
Invasive procedures include:
 Cardiac catheterisation
 X-ray angiography
 Coronary artery bypass grafting
 Endomyocardial biopsy
As illustrated in Figure 10(b) inpatient treatment normally involves also the labs and units for invasive
procedures, e.g., CathLab, operating room (OR), and rehabilitation facilities. The inpatient invasive
procedures are outside the scope of the PDM domain.
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Figure 13: Initial assessment of a symptomatic HF patient, derived from [ 16, 17 ]

All the diagnostic tests are necessary to correctly stratify the HF patient’s condition. Widely used
functional classification of HF is based on the New York Heart Association Foundation (NYHA)
classification 18, where the patient is stratified based on severity of symptoms as follows:

Class I: no symptoms from ordinary activities (no limit to activities);
Class II: no symptoms at rest or during mild exertion (mild limit of activities);
 Class III: no symptoms only at rest (marked limitation of any activity); and
 Class IV: any physical activity brings discomfort and symptoms occur at rest.



16

Swedberg, K., et al., Guidelines for the diagnosis and treatment of chronic heart failure (update 2005): The Task Force for the
Diagnosis and Treatment of Chronic Heart Failure of the European Society of Cardiology. European Heart Journal, 2005
17

Hunt, S.A., et al., ACC/AHA Guidelines for the Evaluation and Management of Chronic Heart Failure in the Adult: Executive
Summary A Report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines
Circulation, 2001. 104: p. 29996-3007

18

Adams, K.A. and F. Zannad, Clinical definition and epidemiology of advanced heart failure. American Journal of Cardiology,
1998. 135: p. S204–215.
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Figure 14: Follow up steps in a HF diagnosis derived from [10,11]

NYHA classification is also used in the European Society of Cardiology (ESC) guidelines. Another
frequently used classification (Stage A-D) is introduced in 2001 ACC/AHA guidelines. In this
document we focus, however, only on NYHA classification as the most commonly used in clinical
practice in Europe.
After stratification, the cardiologist can recommend the initial therapy, consisting of life-style changes
and pharmaceutical therapy. ESC guidelines from 2005, provide recommendations depending on the
functional NYHA classification as shown in Figure 15, while
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Table 6 shows an example how decision making for pharmacological treatment can be done based
on HF progression severity. The end stage HF (NYHA IV or ACC/AHA Stage D) could require therapy
in terms of implantable devices or heart transplantation.
In summary, the cardiologist is responsible for diagnosing and stratifying the patients, as well as
prescribing the initial treatment. Given the complexity of the HF condition, the treatment includes both
the pharmacological treatment (medications) and a strong non-pharmacological component, such as
monitoring of body vital signs and lifestyle changes in nutrition and physical activity (see also Figure
15). Due to the elaborateness of the treatment the cardiologist makes a collaborative plan of care and
refers the patient to a specialized HF clinic [13, 19, 20, 21, 22]. The patients NYHA classes III-IV especially
require managed support for their condition via HF clinics. For the regions where there is no support
for HF disease management, e.g., in terms of HF clinic, the collaborative care comes down to the
traditional care carried out by a non-specialist such as a GP.
HF nurse is a specialized nurse that coordinates the care of the patient. The term often used in US
for HF nurse is an advanced practice nurse. The role and the scope of the HF nurse tasks varies
greatly based on the regional and institutional differences, e.g., an active role in medication
management vs. passive role in medication management always under supervision of a
cardiologist12.
Typical tasks of the HF nurse can be summarized as follows (see also Table 5):
 Diagnostic activities during follow-up visits at the clinic:
• Physical examination
• Vital signs
• Ordering laboratory exams, echocardiograms and other diagnostic tests
• Collaborative plan of care (creation and adjustment)
• Diagnosing and treating co-morbidities such as diabetes, lipid disorders or depression
 Monitoring activities includes (e.g., via telephone follow-ups)
• Collecting and interpreting patient vital signs
• Assessment of the current patient health state as well as psychosocial and economic
assessment
 Management of lifestyle activities could include
• Education and counseling on nutrition, physical activity, sleep disorders, depression,
signs of worsening, etc.
 Medication management includes
• Initiating and titrating medications
• Adjusting the dosage of loop diuretics according to signs and symptoms of fluid
overload or dehydratation, and
• General education on medications.

19

Heart Failure Clinic at Sacred Heart Hospital. 2008.

20

Heart Failure Clinics at Montreal Heart Insitute. 2008, http://www.icm-mhi.org/en/insuffisance-card.html.

21

Heart Failure Clinics. Heart Failure Online 2008, http://www.heartfailure.org/eng_site/whats_new_hfc.asp.

22

Heart Failure Clinic at Mercy General Hopsital. 2008, http://www.mghp.com/services/heart/welcome.shtml.
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Figure 15: Classification of HF used in ESC guidelines10

For survival/mobidity

For symptoms

NYHA I

Continue ACE inhibitor or ARB if ACE intolerant
Continue aldosterone antagonist if post-MI Add beta-blocker if
post-MI

Reduce/stop diuretics

NYHA II

ACE inhibitors as first line treatment (ARB if ACE inhibitor
intolerant)
Add beta-blocker and aldosterone antagonist if post-MI

+/- diuretic depending on fluid
retention

NYHA III

ACE inhibitor plus ARB or ARB alone if ACE intolerant
Beta-blocker, Add aldosterone antagonist

+ diuretics + digitalis
if still symptomatic

NYHA IV

Continue ACE inhibitor/ARB
Beta-blocker, Aldosterone antagonist

Table 6: example algorithm for pharmacological therapy decision based on progression of HF severity (ESC
guidelines10)
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General support in terms of
• Referral to/from other professionals such as endocrinology or pulmonary specialist,
and support via ongoing communication with the other HF care givers.

Nurse clinician is a nurse that follows-up patient’s condition via the phone when they are at home
and whose role (depending on the HF clinics) can overlap with the one of the HF nurse.
Pharmacist in an ideal HF management case would be associated with the HF center 1 and would
evaluate the patient’s medication and reviews the purpose, dosage and side effects of each drug,
educating the patient and giving input to the HF nurse or the cardiologist.
Dietician provides a tailored dietary advice according to specific patient needs, e.g., combining HF
and diabetes diets, help patients attain and maintain optimal nutrition status, and improve compliance
to the subscribed nutritional recommendations, e.g., salt and fluid intake.
Psychologists helps patients and relatives to cope with the effects of HF and help cardiologists and
HF nurses to specifically look for subtle indications of anxiety and depression in an early stage HF (as
HF patients are in higher risk of depression and anxiety than other cardio-vascular patients), as well
as indications of dementia.
Other supporting staff including heart rhythm specialists (electrophysiologists), sleep disorders
specialists, mechanical support devices specialists, etc.

1.3.5.1.4

State of art

Many leading disease management companies offer HF programs that vary a lot with respect to
design and execution. We divide these programs into two groups: HF programs without connected
measurement devices (discussed in Section 0) and HF programs with connected measurement
devices (discussed in Section 0). These two groups are not mutually exclusive; in many cases they
are rather complementary. The first group mainly consists of home care programs while the second
group primarily comprises remote patient monitoring (RPM) programs. The extension from RPM to
remote patient management (RPMgmt) is still future work for most of these programs. 23
HF Programs without Connected Measurement Devices
These programs usually start with a home visit by a HF nurse to assess the patient’s health status,
diet and medication compliance, followed by phone calls and mail distribution of self-care educational
materials. Some of these programs only have the phone call-based consultation and educational
sessions or ask patients to use an interactive voice response system to self-report key symptoms and
vital sign readings. In the latter case HF nurses will intervene only when needed.
The programs in this group depend on human interaction of the HF nurse with the patients, mostly on
the phone. Therefore, the following limitations have to be considered 24:
 The nurse has to manage too many patients (= high case load) and therefore recording vital
signs becomes error-prone and the time for personalized advice is very limited.
 The nurse is not able to capture deteriorating symptoms between two service calls.
 The patient misreports information on medication and lifestyle changes (diet, exercise, stress,
smoking, etc) during the nurse call because of memory lapses or a guilty conscience.
 The nurse is not able to encourage the patient compliance and engagement on a daily base.
These limitations can be overcome by HF programs with connected measurement devices described
in Section 0.

23

The term PDM system in the document is mainly used to refer to RPMgmt systems.

24

Wang, H., Home Health Monitoring for Heart Failure Patients, in Park Associates Executive Brief. 2007.
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There is little dispute about the effectiveness of such HF programs, particularly for the short term, i.e.,
within the first 12 months of enrolment. The effectiveness is partly attributable to the fact that
proactive management leads to reduction of readmission rate, mean length of hospital stay or
emergency room visits and low mortality rate. A summary of studies evaluating the effectiveness of
HF programs is presented in Table 7. Longer term effectiveness is more difficult to demonstrate when
the patients under monitoring are not properly selected because two situations can neutralize the
benefits aforementioned24. First, less severe patients can recover without the help of HF programs
after the first year, and second severe patients have a high incidence of death.
Study
Humana HF
study 19961998 25

Study description
2-years study of 5 000
Humana members
receiving cardiac nurse
home visits plus phone
support.

BCBS Study
in 2001 27

18-months study of 159 HF
patients managed by a
team of physicians,
nurses, a pharmacist, a
social worker, and a
dietician.

Detroit Study in
1999 28

12-months randomized
retrospective study of 95
HF patients compared with
200 patients under normal
care.
6-months randomized,
controlled trial of 200 HF
patients managed by a
multidisciplinary team.

Kasper Study in
2002 29

Key findings
Reduced
26
 Rehospitalisation by 58%;
 Hospital stay days by 58%;
 Emergency room visits by 49%;
 In-patients healthcare costs by 61%.
Reduced
 In-patients healthcare costs by 37% due
to less rehospitalisation, hospital stay
days and ER visits.
Improved
 Disease knowledge by 93%;
 Functional status by 56%;
 ACE inhibitor use from 45% to 65%
Reduced
 In-patients healthcare costs by $776 per
patient due to shorter length of stay at
hospital.
Reduced
 Rehospitalisation
 Mortality
 Worsening symptoms

Table 7: Evaluation studies of HF programs without connected measurement devices

HF Programs with Connected Measurement Devices
These programs rely on deployment of a technology-based infrastructure between the patient’s home
and the care giver’s institution. The technology is in form of (unobtrusive) monitoring and feedback
devices, connectivity, and applications tailored to the patients and the professionals. The result is a
PDM system 30 that enables a transformation from episodic nurse-and-phone based approaches to
continuous patient monitoring, which usually consists of: vital signs measurements, automatic data
collection plus transmission and data presentation and review, performed at a patient, a backend and
a professional site, respectively. These sites are depicted in Figure 16 based on the RPM solution
from Philips Telemonitoring Services.

25

Anon, Humana CHF program. Healthcare Benchmarks, 1998. 5: p. 173-175.

26

Heart Failure related rehospitalization. This is valid for the other studies in this table as well.

27

Anon, BCBS Study. Disease Management Advisor, 2001. 7(6): p. 92-96.

28

Cardozo, L. and S. Aherns, Detroit Study. Jounal of Healthcare Quality, 1999. 21: p. 12-16.

29

Kasper, E.K. and G. Gerstenblith, Kasper Study. Journal of the American College of Cardiology, 2002. 39: p. 471-480.

30

Simons, D., T. Egami, and J. Perry, Remote Patient Monitoring Solutions; Towards Remote Patient Management,. in
Advances in Healthcare Technology, Philips Research Book Series, ed. G. Spekowius and T. Wendler. Vol. 6. 2007.
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Figure 16: RPM from Philips Telemonitoring Services (PTS)

Patients with HF are monitored on multiple vital signs indicative for various symptoms. A limited
deviation of a given vital sign usually leads to patient’s treatment plan adjustments (nutrition, physical
activity, medications, etc) that are strictly coordinated by the care givers to avoid worsening of another
vital sign. The key vital signs and their limits that are subject of monitoring are depicted in Table 8. The
devices categories used to measure the vital signs are illustrated in Table 10.
Vital signs

Indicator for

Limits to monitor

Weight
measured by a weight
scale

Quick weight gain is an indicator for body fluid
accumulation (edema) and low filtration ability
of organs affected by the malfunctioning of the
heart.
Quick weight loss can lead to dehydration and
low body sodium level which can cause
arrhythmia.

1.5-2.0 kg weigh gain/ loss
in 24-48 hours compared to
the baseline level.

Blood Pressure
measured by a blood
pressure meter

Abnormally high or low systolic or abnormally
high diastolic blood pressure usually indicates
acute cardiac event.

Systolic: > 140 mm Hg or <
90 mm Hg
Diastolic: > 110 mm Hg

Heart Rate (HR)
measured by a pulse
oximeter or blood pressure
meter

A slow/fast resting HR of an adult is an
indicator for brady-/tachy-cardia.

Slow resting HR < 60 bpm
Fast resting HR > 100 bpm

Oxygen Saturation
(SpO2)
measured by a pulse
oximeter

A drop in oxygen saturation level below 90%
indicates immediate heart problems.

Oxygen saturation < 90%

Fluid Status
measured by a bioimpedance spectroscope

Retention of fluid in the lungs, and ankles is an
indicator for organ damage.

Thoracic impedance level
(ZO value) below 19 Ω.

Table 8: Vital signs and their limits

Category
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Appli-cation
Hosting
Device

TeleStation (Philips)

Health Buddy
(Health Hero)

Commander
(Cardiocom)

RemoteNurse
(WebVMC)

Genesis DM
(HomMed)

RTX3370
(RTX Healthcare)

LifeStar PDM
(Instromedix)

DayLink Monitor
(Alere)

Table 9: Application hosting devices at the patient’s home

Category

Examples of devices

Weight
scale

Philips

LifeStar™
(Instromedix)

Blood
pressure
monitor

LifeSource UC-321
(A&D Medical)

Telescale
(Cardiocom)

OneTouch Ultra 2

HEM-790IT (Omron)

3AC1-PCCOS
(Microlife)

LifeSource UA-767
(A&D Medical)

LifeStar™
(Instromedix)

LifeStar™
(Instromedix)

Alive Pulse
Oximeter

Avant 4100
(Nonin)

PM-50
(Mindray)

Pulse
Oximeter

ECG
monitor

LifeStar™
(Instromedix)
CardioBelt
(Monebo)

MHM 100
(Medick)

Table 10: Remote monitoring devices at the patient’s home
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A landscape of the most important companies offering RPM HF programs with connected
measurement devices is presented in Table 11. They vary substantially with respect to design and
implementation. Most of these companies offer programs for a broader range of diseases than HF
alone, e.g., Diabetes, COPD, Hypertension, Asthma, Obesity, Dementia or multiple co-morbidities.
The general description of each company in the table is taken from its website. A direct comparison
between the various companies is presented in Error! Reference source not found.. These are
service provider companies that often use an application hosting device and remote monitoring
devices provided by technology vendors likes A&D, Omron, Instromedix, RTX Healthcare, SHL, which
are out of scope of Table 11.
Estimating the RPM HF market size is very hard; first the market is very fragmented with many small
companies in this domain, most of which are privately owned and do not make revenue data available
and second the market is growing very fast which makes a market size estimation quickly outdated.
Frost & Sullivan 31,32,33,34 estimated that in 2006 there were about 150 000 patients on RPM programs
in North America and Europe. 75% of those patients had the system for HF or chronic obstructive
pulmonary disease (COPD). They estimated that the market was worth $250 million in 2004 and will
grow to about $800 million in 2010, split evenly over North America and Europe. All of these numbers
are rough estimates and should only be seen as ballpark figures. In the Frost & Sullivan reports there
is no split between RPM and RPMgmt.
The three large suppliers of RPM are Alere Medical, Health Hero and Honeywell HomMed listed in
the beginning of Table 11. It is estimated that each of these companies has about 40 000 subscribers
in the field.
RPM systems landscape
Company
Alere Medical

HF program description
35

The key service of Alere Medical is a RPM HF program. A HF patient
receives a DayLink® Monitor which daily transmits patient’s weight, blood
pressure and answers to a number of questions to Alere’s disease
management nurses. If there is a weight or another symptom change, the
nurse phones the patient to verify the information and then notifies the
designated health care givers by fax. The nurse contacts both the patients
and physician to ensure that the follow-up occurs in a timely manner.

www.alere.com
Health Hero 36

www.healthhero.com

The Health Buddy® System from Health Hero Network serves as an interface
between patients at home and care providers, facilitating patient education
and monitoring of chronic conditions such as HF. On the patients side the
Health Buddy® appliance (illustrated in Table 9) collects vital signs from
medical devices like blood glucose meter, weight scale, peak flow meter, and
blood pressure cuff. In addition, the Health Buddy® asks a series of
questions about vital signs, symptoms and behaviours, collects answers and
then provides education, reinforcement and messages that prompt patient
action.
After a patient completes a session, the Health Buddy appliance sends the
information to a secure data center. Authorized health professionals then
access the patient's information using the web-based Health Buddy®
Desktop.
The Health Buddy system offers an interface to a patient iTV allowing access
to the health management program using a remote control and a set top box.
Health care professionals can access data transmitted from the patient at
home using web-based decision support tools included in the Health Buddy
System.

31

Frost and Sullivan, European Remote Patient Monitoring Markets in Market Report B519-56. 2005.

32

Frost and Sullivan, North American Emerging Telemedicine Markets, in Market Report F334-48. 2005.

33

Frost and Sullivan, U.S. Home Health Care Market for Remote Patient Monitoring Services, in Market Report N0C2-52. 2006.

34

Frost and Sullivan, U.S. Disease Management Market for Remote Patient Monitoring Services, in Market Report N0C3-56.
2007.

35

acquired by Inverness Medical Innovation in 2007

36

acquired by Bosch
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Honeywell HomMed

www.hommed.com

American
Telecare

www.american
telecare.com

CardioCom

www.cardiocom.com

McKesson

www.mckesson.com
ViTelNet
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A patient equipped with a Genesis Disease Monitor (illustrated in Table 9)
from HomMed can quickly collect and securely transmit data on five key vital
signs: heart rate, blood pressure, oxygen saturation, temperature, and
weight. A voice guides the patient step-by-step, through the monitoring
process. The patient is also asked a series of questions designed to further
assist clinicians in evaluating the patient’s health. Then, using a telephone
line, or Honeywell HomeMed’s wireless pager system, the information is sent
from the patient’s home to the Central Station diagnostic software. The
Central Station allows clinicians to track the health information collected on a
patient and the care (s)he is receiving. It also allows clinicians to view nursing
or physician notes, log patient contacts, analyze trends, and print or fax
reports.
The American TeleCare® Video Patient Stations (LifeView® or inLife® XP
Patient Monitor) combines remote patient monitoring with interactive video.
This combination enables clinicians to monitor patient’s health status, identify
instability, and provide real time remote clinical intervention to re-stabilize
patients.
The American TeleCare® Provider Station is located in the caregiver’s office
and connects over a standard telephone line to any number of TeleCare®
Patient Stations at patients’ residences.
The clinician can view the patient data in the NX Server’s TeleChart database
through a browser window positioned next to the video window on the
Provider Station. The TeleChart database contains:
 readings obtained during home video visit;
 measurements of vital signs such as blood pressure, pulse, blood
glucose, weight, temperature;
 patient-specific thresholds that indicate significant vital sign fluctuations
for each patient. They are set by a caregiver. When measurement
readings exceed the pre-determined threshold, they are colorcoded to
readily stand out from readings that are within clinician-set limits.
 patient’s answers to questionnaires for gathering additional data;
 telehealth session management elements such as instructions for the
patients to take certain measurements or to respond to specific
questions associated with their conditions.
The Commander Home Monitor (illustrated in Table 9) is an interactive
application hosting device for various disease states in particular for HF. A
number of peripheral devices can be connected to the Commander to obtain
vital signs such as: weight, blood pressure, blood glucose, peak flow, and
oxygen saturation. Patients also answer a series of questions about their
current symptoms. Questions are both displayed in large font and spoken.
The data is transmitted over the patient’s telephone line directly to a
Commander Data Management System, which provides the interface to the
care providers. The Commander system automatically identifies “exception”
patients with symptoms outside the parameters set by the patient’s
healthcare provider. This “management by exception” allows early
intervention, including care plan adjustment to improve patient care and avoid
unnecessary hospitalizations.
The McKesson Telehealth Advisor solution provides two-way communication
of physiological, education and compliance information between patients and
providers. When patients answer disease-specific questions and send
detailed information about their health and well-being to the provider, the
patient’s record is updated daily, giving the care team unprecedented access
to information and a clear understanding of the patient’s health and risks on a
daily basis. As a result, providers can address changes in the patient’s health
status and tailor care to the patient’s needs as they occur, reducing costly
visits to the emergency department.
A HF patient using ViTelCare™ Home Health Monitoring system takes health
measurements such as: weight, blood pressure and SpO2. Then, the patient
can answer the health assessment questions which are specific to their
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diagnosis using the touch-screen monitor. The patients’ answers and the vital
signs are encrypted and sent to a central repository.
The clinician logs onto to the monitoring system using their Vulink workstation
or through their work PC using their internet browser. From their assigned
patient list they select which patient to review based on alarm results sent to
the repository. After reviewing the data the clinician can then follow-up the
patient with a revised treatment plan.

www.vitelnet.com

The RemoteNurse™ of WebVMC (illustrated in Table 9) communicates with
the patient through verbalized assessment questions and instructions for
using the measurement devices such as blood pressure meter, weight scale,
fluid monitor, pulse oximeter. The patients can review their previous
measurement results on the RemoteNurse™. A simple use of a magnetic
swipe card allows for multiple patients use. In addition, it acts as an
educational tool for patients, by allowing them to access training materials
and information via the web.
The RemoteAccess™ system is a web interface for professionals for
accessing patient information including measurement results, graphs, notes,
and threshold violations based on individualized criteria. The system allows
caregivers to ask patients multiple choices, yes/no, or scale rating
assessment questions. The caregivers will be notified by email, interactive
pager, or cell phone of any answers or measurements values that do not
align with the patients’ care plan or fall outside of normal parameters. The
patients could get multiple daily reminders via the RemoteAccess™ system.

WebVMC

www.webvmc.com

With Philips Telemonitoring Services, clinicians can remotely monitor
patients’ vital signs data and send them short surveys about their health
status. This combination of objective data and subjective responses enables
the clinician to make more timely care decisions and helps prevent
unnecessary hospitalizations.
Every day, patients take their own vital signs measurements as prescribed by
their doctor: weight, blood pressure, pulse, glucose level, blood oxygen level
and/or ECG rhythm. They also answer survey questions sent by their
clinician, which may include general health assessment questions and/or
targeted follow-up questions, and enter self-reported data as directed. The
information is then automatically transmitted through an ordinary phone line
via modem to secure web-based Clinical Review Software using Philips
TeleStation (illustrated in Table 9) which is an application hosting device.
Clinicians can track daily patient measurements, store and retrieve historical
data in both tabular and graphical format, and generate reports – promoting
faster follow-up and intervention on their assessment device running the
Clinical Review Software.

Philips Telemonitoring
Services

www.medical.philips.com

Table 11: RPM systems landscape

Most of the HF programs in Table 11 offer remote patient monitoring solutions (i.e., collecting objective
and subjective patient data), transmitting them to the care manager to allow the most at-risk patients
to be prioritized for follow-up. The patient, however, has a more passive role rather than getting the
tools and information facilitating a positive behaviour change with respect to healthy diet, physical
activity and medication compliance. Such a behaviour change empowers the patient in managing
their own health. This is where the extension from remote patient monitoring to remote patient
management30 comes into play. Interactive RMgmt systems are developed by a number of
companies, as described in Table 12.

RPMgmt systems landscape
Company

Description

BL Healthcare

BL Healthcare TVx is a powerful disease management platform that enables
healthcare providers to manage and educate their patients through a highly
interactive interface. The platform uses the patient’s own television as a portal to
view their health information collected from wireless peripheral devices, receive
engaging multimedia content for disease-specific education and training, and
communicate with their providers through video conferencing.

www.blhealthcare.com
Card Guard
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IgeaCare
Healthanywhere

www.healthanywhere.com

Philips Motiva

www.medical.philips.com
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can be used to monitor, diagnose and manage general consumer health, fitness
and illness. Individuals will be able to perform medical tests on any of the T-Health
medical accessories, and immediately upload their measurements to a web-based
medical center using a remote control. The medical data is displayed on the TV
screen for review and can be stored or transferred to the healthcare provider for
further actions. Physician feedback, compliance programs and educational materials
are stored in the medical center and can be displayed on the TV screen or any
standard browser by the patient or designated caregiver.
The secure T-Health iTV will also feature a two-way interaction for medical
consultation, and an information exchange for professional triaging and focus group
sessions.
At home, at work or on the go, Healthanywhere’s wireless product platform keeps
consumers, their healthcare team and administrators up-to-date and accurate.
Utilizing Bluetooth-enabled monitoring devices and innovative software-based
solutions that encourage compliance and protect privacy, the Healthanywhere
products help to reduce risk, increase quality of life and save precious time for both
the caregiver and the patient.
The technology platform in the home is either a Blackberry mobile phone or a
Samsung UMPC. The UMPC is a full Windows PC in a very small form factor and
includes a touch screen and webcam. This enables the patient to receive
educational videos and perform e-visits with his/her medical professional.
The Motiva interactive healthcare platform uses broadband Internet connection and
interactive TV, along with vital sign measurement devices, to connect patients to
their healthcare providers and medical support system. The goal is to turn the home
TV into the patient’s own personal healthcare channel.
With Motiva, care providers are able to customize the experience for each patient
and deliver personalized, engaging, media-rich content, including:
 Educational material delivered as video-on-demand, with topics relevant to
the patient’s healthcare needs.
 Timely reminders to take medications or review content prior to doctor’s
appointments.
 Actionable feedback about vital signs measurements to help patients track
progress toward personal goals.
 Motivational messages from caregivers to help encourage healthy lifestyle
choices for diet and exercise.
 Health related surveys that test for patient comprehension and compliance,
as well as provide subjective information to the remote caregiver.
 Connection to friends & family will enable the patient’s informal care
network to better support their day-to-day healthcare needs (planned as a
future enhancement).
The Motiva tools for patients’ (self-) management are depicted in Figure 17.
Currently Motiva focuses on HF patients taking into account co-morbidities such as
diabetes. Motiva can offer 3 different service levels.
1.

Motiva Monitor (TV interface and measurement devices):
Patients receive a set top box for the broadband connection at
home, as well as a wireless scale and blood pressure cuff to
measure weight, blood pressure and heart rate. The patient
receives messages, assessment surveys, and educational videos
over their home TV. Patients’ vitals measurements are
transmitted to the professionals.

2.

Motiva Coach (only TV interface): Provides the same mediarich content to patients via TV (messages, assessment surveys,
and educational videos) as Motiva Monitor, but does not include a
wireless home measurement device. The care team staff enters
weight readings into the patient’s record that are gathered over
the phone.

3.

Motiva Guide (phone based): Allows tracking of at-risk patients
over time based on phone calls, to determine if/when their
situation warrants more frequent. The Motiva patient database
maintains a historical record of phone-based assessments and
patient education (delivered via phone or mail). The patient does
not have the Motiva Personal Healthcare Channel installed in
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their home unless their care plan is upgraded to Coach or
Monitor.
Table 12: RPMgmt systems landscape

Tools to enable Self-Management:
Patient education, coaching and feedback
Inform Nurse
with Daily
Health Surveys

Timely
Reminders and
Goal Setting
Knowledge

Motivation

Feedback on Goals

Figure 17: Self-management tools in Motiva

A comparison of the different RPM systems for HF programs in terms of monitoring (vital signs and
assessments) is given in Error! Reference source not found.. Error! Reference source not found.
shows the comparison of the different RPMgmt systems in terms of monitoring, lifestyle change
support, medication management, and general support.
Error! Reference source not found. lists a number of recent studies on use of HF programs with
connected measurement devices. They provide evidence that RPM solutions with follow-up are
efficient in reducing rehospitalisation, length of stay in a hospital, emergency room admissions and
number of home or office visits.

1.3.5.2

Continua Alliance

This section gives an overview of PDM system architecture and backend aspects. Section 0
describes a PDM system reference architecture addressing the type of devices, topology, processes,
and data flow. Based on this reference architecture the possible relation to and relevance of
interoperability guidelines defined by the Continua Health Alliance 38 are explained in Section
1.3.5.2.2. Finally, in Section 1.3.5.2.3, we zoom into the backend functionality offered by existing third
party solutions, such as Microsoft HealthVault.

1.3.5.2.1

PDM System Architecture

In this section we focus primarily on a reference PDM system, its architecture and constituting
elements. Specifically, we discuss the following aspects of a reference PDM system:
 Device types, addressing the question (see Figure 18):
o What devices are used in a PDM system?
 Device topology, addressing the questions (see Figure 19):

38

Continua health Alliance. 2008, http://www.continuaalliance.org/home.
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o How are the devices connected?
o Where are the devices located?
 System processes, addressing the main activities of a PDM system and their
interdependencies in terms of data flow (Figure 20).
An end-to-end PDM system is usually spanned over three sites (see Figure 19), each of them having
different device types.
 Patient site: In the patient home one or more observation devices are used to measure the
patients’ vital signs. These observation devices have the capability of sending the
measurements taken through a (short range) network interface to a device access point with
a wide area network connection and the capability of forwarding the measurements.
Together, the observation devices enable the collection of patients’ health status data,
facilitating the RPM. The classes of the observational devices are shown in Figure 18, while
their instances are presented in Table 10.
The behaviour of patients can be influenced through sending tailored health messages,
educational material (movies and quizzes), reminders that announce the time to measure vital
signs or to take medications. Further, scheduling additional appointments with a professional
care giver and/or changes to medication / diet / exercise schemes, etc, are possible. These
types of actions, which are part of RPMgmt, also require a patient input & feedback device in
addition to the observation devices. In practice, the patient feedback and input device as well
as the device access point are often combined in one device, referred to as an application
hosting device (as discussed in Section 0). The latter provides the patient UI showing the
health trends based on the monitored vital signs as well as gathering answers to surveys,
which are assessing patient’s overall health condition. Instances of an application hosting
device are given in Table 9.
 Backend site: The patients’ vital signs measurements, usually gathered by the application
hosting device at home, are further transmitted to a remote backend server through a
broadband Internet or a dial-up POTS. The backend usually consists of a storage server and
a patient management server and hosts the clinical applications, e.g., Motiva Clinical
Applications discussed in Section 0.
 Professional site: The professional care giver needs a device (professional assessment
device) to view/assess the collected information about the patient’s health status. The same
device can be used to generate a feedback to the patient in order to influence his/her
behaviour. It should be noted, as indicated in Section 1.3.5.1.3, that there are a number of
care givers involved in the process and each of them may require special views on the
information possible via different types of devices.
Professional
Assessment
Device
Storage
Server
Patient
Management
Server

Device Access Point

Patient
Input & Feedback
Device
Observation
Device

Figure 18: Device Types (Reference Device Classes)
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Professional
Site
Professional
Assessment
Device

Back-End
Site

*
*

Storage
Server

* *

Patient
Management
Server

*
*
Device Access Point

*
Patient Site

*

Patient Input &
Feedback
Device

Application Hosting
Device

0..1

*
Observation
Device

Figure 19: PDM Reference Topology

We conclude the overview of device types and their possibilities for connecting with the remark that
the distinction in device types is not exclusive. This means that in reality vendors can create a device
which is a combination of types, e.g., a device access point that is also a patient input & feedback
device.
In addition to devices and their connectivity, in the reference PDM system a number of processes
exists that are responsible for collecting data about the health situation of a patient, as shown in
Figure 20. A part of the processes is responsible for collecting information about vital signs (Sensing
and Parameter Extraction), while a part is collecting information on how the patient is feeling and his
behaviour. This input is analysed (Multi Parameter Analysis) together with the care plan in order to
identify trends, possible risks, etc related to patient’s condition. The outcome of the analysis,
especially deviations from the proposed care plan, is input for a decision making process (Decision
Support) about the required patient feedback and involvement of a professional caregiver. When it
comes to feedback, there are two categories of processes. One for providing feedback to the patient
(Patient Feedback and Patient Feedback UI) and another for input from professionals (Assessment UI
and Professional Assessment) allowing him to take direct actions towards the patient (e.g., invite
him/her for a consultation at his office), or provide suggestions for changes in the patients care plan.
To prevent unnecessary involvement of the professionals, the care plan should be sufficiently flexible
in allowing (autonomous) minor or “insignificant” deviations from the care plan and help the patient to
get back on track via the Patient Feedback UI.
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Fill in
Questionnaire
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(Personal)
Care Plan
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Professional
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Needed ?

Professional
Assessment

Yes

Assessment
UI

Figure 20: Processes and Dataflow in a reference PDM system

1.3.5.2.2

PDM Systems and Continua Interoperabilty Guidelines

The Continua Health Alliance is a non-profit, open industry alliance of healthcare and technology
companies in the world joining together in collaboration to improve the quality of personal healthcare.
Through the efforts of a collaborative industry organization, Continua aims at enabling a personal
telehealth eco-system where many diverse vendors can combine their products into new value
propositions with significant health benefits for people worldwide. Continua has identified the following
barriers in making a personal telehealth eco-system reality:
 Technical
o Data interoperability lacking
o Interoperable platform components lacking
 Regulatory
o Safety and efficiency regulations restrict development of multi-vendor solutions
 Financial
o Economic value of new models of care difficult to demonstrate
o Difficult to get the business model right
The Continua Health Alliance addresses these barriers through the following activities.
 Interoperability Guidelines: enable interoperable sensors, telehealth platforms, and health &
wellness services.
 Certification & Logo: create a consumer recognizable logo signifying the promise of
interoperability with other certified products.
 Health & Safety Regulations: work with regulatory agencies to safely and effectively manage
diverse vendor solutions.
 Reimbursement: work with leaders in the healthcare industries to develop new ways of
addressing the costs of providing personal telehealth systems.
The remainder of this section discusses the relation and relevance of Continua Interoperability
Guidelines for PDM Systems.
The Continua interoperability guidelines specify requirements for the connectivity interfaces of
devices in a personal telehealth system. These are requirements on the network transport,
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messaging layer and data format to be used. Continua distinguishes the following device types (see
Figure 21).
Application
Hosting Device

PAN
Device

LAN
Device

WAN
Device

Health Record
Device

Figure 21: Continua Device Types (Reference Device Classes)

The distinction between the different device types (reference device classes) in Continua is based on
the connectivity interfaces of a device. The distinction between device types used in the architecture
of PDM systems described in the previous section is based on the functionality offered by a device.
The mapping between device types used in Continua and device types used in our description of
reference PDM system architecture is given in Figure 22.
Professional
Assessment
Device

Storage
Server

Health Record
Device

Professional
Site

Backend
Site

WAN
Device

Patient
Management
Server

Device Access Point

Application
Hosting Device

Patient
Input &Feedback
Device

LAN
Device

Observation
Device

PAN
Device

Patient
Site

Figure 22: PDM Device Types and Continua Reference Device Classes

The connectivity interfaces offered by a device determine to which other device it can be connected.
In other words there are some topology constraints based on the connectivity interfaces of a device.
Figure 23 shows the Continua reference topology, where a Peripheral Area Network (PAN) device
can be connected to an application hosting device and the latter can be connected to a Wide Area
Network (WAN) device.
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Figure 23: Continua Reference Topology
Figure 24 depicts in red interoperability guidelines relevant for the individual device types in a PDM system.

It is worth noting that Continua interoperability guidelines are about the connectivity interfaces only.
Continua does not address management services, sensing techniques, parameter extraction
techniques, etc. Finally, the Continua guidelines are planned to be completed in Q3 2008, followed by
first products in Q4 2008.
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Figure 24: PDM System Device Connectivity and Continua Guidelines

1.3.5.2.3

Microsoft Health Vault and related services

At the end of 2007 Microsoft introduced the Health Vault. Even thought, based on device type
classification in Section 0, Microsoft Vault could be considered as a storage server; we include it in
this analysis for the following reasons.
 Interfaces to the vault are open. This is true for the interface used to upload new measurements
as well as for the interface used by the services created on top of the vault (which actually use the
data in the vault)
 The vault offers access control mechanisms that enable the user to specify specific rights related
to his health data for other users of the vault (family, friends, doctor, custodians, specific
applications, etc)
 The vault is very generic. It can be used to store health related items. A number of these items
have been defined (varying from measurements of vital signs to demographic information). These
items can be extended, new items can be created. Of course the real value comes when a large
number of users start using a large common set of items.
 There is a connection center application that can turn every windows PC into a device access
point capable of forwarding measurements to the vault. The observation devices supported by the
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connection center can be extended with drivers. Microsoft offers a framework for development of
these drivers (Windows Portable Device Driver Framework).
Next we analyze the Health Vault from a PDM System perspective. The HealthVault (with connection
center) offers an approach for collecting and storing information about the health status of a patient.
The PC with connection center can be replaced by an embedded device (if you want to). The service /
application that gives feedback to the patient still needs to be developed. The same holds for an
application that involves the professional caregiver. Figure 25 shows the relation between the
HealthVault and reference architecture of a PDM system.
The answer of the question ‘What functionality is offered by the backend to the patient and the
professional caregiver?’ cannot be given in general. Therefore, we cannot provide a figure of the
processes of a Health Vault System (since the Health Vault is only half of the solution).This depends
on the services that are created on top of the HealthVault. The services that are currently developed
for the HealthVault focus on the patient. They offer the patients tools for getting insight in his health
status and managing his health. At this moment we have not seen examples of service for care givers
based on Health Vault. In other words, current services on top of the HealthVault are patient driven
whilst most PDM systems are care giver driven.

Also professional
feedback possible

Back-End Site

Patient Site
Combined
AccessPoint
and
Feedback
Device

Combined
AccessPoint
and
Feedback
Device

Figure 25: Mapping HealthVault on reference PDM system architecture
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Ontologies

In the scope of HeartCycle, ontologies are particularly useful in order to construct a terminology and
controlled vocabulary in the service-oriented architecture proposed for WP5, aiming to facilitate data
sharing and communication between platform components in a formal and commonly accepted mean.
In addition, the ultimate goal for adopting ontologies is to construct a semantic registry of the services
that will be deployed in the IT platform of HeartCycle, so as to enable advanced service description,
registration, discovery and invocation according to semantic quality attributes. In this regard, domain
knowledge on HF and CHD may be also employed, the level of which is going to be determined as
the project evolves. Towards this aim, the potential of using existing relevant domain ontologies
constructed in other research projects such as HeartFaid 39 and PIPS 40 are currently investigated.
This section presents an overview on ontology engineering and development technologies with
particular emphasis on the construction of Semantic Web Services (SWSs), providing also the
description of their potential use towards the realisation of the WP5 platform.
1.3.5.3.1

Background on Ontologies

Ontologies are a significant knowledge engineering endeavour that has been lately very popular,
defined as “explicit specifications of a shared conceptualization that hold in a particular context” 41.
More specifically, ontologies are machine-readable representations (formal) which explicitly define
concepts, relations, attributes and constraints (explicit specification) that are accepted by a group of
people/systems (shared) encapsulated in an abstract model (conceptualization) for a particular
domain/scope (context). The main benefits of ontologies are the sharing of a common understanding
of the entities in a given domain and enabling reuse of data and information so as to avoid
reengineering efforts and introduce standards to allow interoperability (at both the syntactic and
semantic level) and automatic reasoning. Especially in biomedicine, ontologies are employed to
provide a classification of biomedical entities, summarize and annotate biomedical data, mediate
among different social groups and software components, simplify the engineering of complex
biomedical systems and provide a formal specification of biomedical knowledge. The hype of
ontologies in biomedicine has been highlighted in several recent initiatives, such as the W3C
42
Semantic Web Health Care and Life Sciences Interest Group and the OBO (Open Biomedical
43
Ontologies) foundry .
Roughly, ontologies can be divided into three types with respect to their scope: (i) foundational, (ii)
domain-specific, and (iii) task-specific. Foundational ontologies aim to provide conceptualizations of
general notions, such as time, space, events and processes. Two noteworthy examples are the
SUMO 44 (Suggested Upper Merged Ontology) and DOLCE 45 (Descriptive Ontology or Linguistic and
Cognitive Engineering) foundational ontologies. Domain-specific ontologies constitute the major part
of already existing ontologies. They are intended for sharing concepts and relations in a particular
area of interest. One domain in which a wide range of ontologies has been published is
biomedicine 46. A typical biomedical domain ontology is FMA 47 (Foundational Model of Anatomy)
which describes some 75,000 anatomical entities. Other well-known biomedical ontologies are
UMLS 48 (Unified Medical Language System) and GO 49 (Gene Ontology). Finally, task-specific
ontologies elaborate on the conceptualizations that are needed for carrying out a particular task. In
39

http://www.heartfaid.org/

40

http://www.pips.eu.org/

41

T. Gruber, Ontology. Entry in the Encyclopedia of Database Systems, L. Liu and M. T. Özsu (Eds.), Springer-Verlag, 2008

42

http://www.w3.org/2001/sw/hcls/

43

http://www.obofoundry.org/

44

http://www.ontologyportal.org/

45

http://www.loa-cnr.it/DOLCE.html

46

It has to be noted that domain ontologies vary considerably in terms of the level of formalization. Communities of practice in
many domains have published shared sets of concepts in the form of vocabularies and thesauri. Such concept schemes
typically have a relatively weak semantic structure, indicating many hierarchical (broader/narrower) relations, which most of the
time loosely correspond to subsumption relations; as a result, there exists a distinction in the ontology literature between weak
vs. strong ontologies.
47

http://fma.biostr.washington.edu/

48

http://www.nlm.nih.gov/research/umls/

49

http://www.geneontology.org/
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general, conceptualizations of domain information needed for reasoning algorithms typically takes the
form of a task-specific ontology.
With respect to the expressiveness they offer and subsequently their applicability, ontologies are
typically classified as: (i) controlled vocabularies, containing a list of terms and their meaning, (ii)
taxonomies, i.e. a list of terms (classes) organized in a generalization hierarchy, (iii) database
schemas (relational and object-oriented), in which slots are defined for classes, a generalization
hierarchy may or may not be present, there is no instance information and rather limited constraints,
(iv) frame-based knowledge bases, where concepts are organized in a taxonomy enriched with
definition of relations, constraints, objects and values, and (v) description logics based
representations, which specify necessary and sufficient conditions in addition to the frame-based
approach.
Ontologies generally incorporate:
 Individuals: the basic objects. The individuals in an ontology may include concrete objects, as
well as abstract individuals such as numbers and words. One of the general purposes of an
ontology is to provide a means of classifying individuals, even if those individuals have not been
asserted (i.e. are not explicitly part of the ontology).
 Concepts: (also called Entities) abstract groups of sets, collections or types of objects. They may
contain individuals, other classes, or a combination of both. Importantly, a concept can subsume
or be subsumed by other concepts. When concept “A” subsumes concept “B”, the latter concept
is essentially a member of the former, inheriting its properties, while probably introducing new
ones. The subsumption relation is used to create a hierarchy of concept, typically with a
maximally general class at the top, and very specific classes at the bottom.
 Datatype Properties: (also called Attributes or just Properties) features, characteristics, or
parameters that individuals can have and share. Objects in the ontology can be described by
assigning properties to them.
 Object Properties: (also called Relations) ways that objects can be related to one another.
Typically a relation is a property whose value is another object in the ontology. Much of the power
of ontologies comes from the ability to describe these relations. Together, the set of relations
describes the semantics of the domain.
There are several specification languages and formalisms proposed so far for ontologies. For
example, in the context of the DARPA Knowledge Sharing Effort (KSE) Ontolingua 50 was defined,
developed as an ontology layer on top of KIF 51 (Knowledge Interchange Format), which allowed
frame style definition of ontologies (classes, slots, subclasses, etc.). Other languages, in particular
based on conceptual graphs, have been popular for specifying ontologies such as RDF 52 (Resource
Description Framework) and OWL 53 (Web Ontology Language), with OWL being the most recent,
highly expressive and popular one.
The following subsections present the major approaches for ontology-based semantic description of
services, as well as state-of-the-art research on Semantic Web Services (SWS) in healthcare. This
section elaborates further with respect to the use and applicability of ontologies in HeartCycle.
1.3.5.3.2

Ontology-based Semantic Description of Web Services

OWL-S
The Semantic Web aims to enable advanced access to the Web not only with respect to content but
also to services. Users and software agents should be able to discover, invoke, compose, and
monitor Web resources offering particular services and having specific properties, provided in a high
degree of automation whenever required. OWL-S 54 (formerly DAML-S) is an ontology of services that
makes these functionalities possible. More specifically, OWL-S is aimed to enable 55:

50

http://www.ksl.stanford.edu/software/ontolingua/

51

http://www-ksl.stanford.edu/knowledge-sharing/kif/

52

http://www.w3.org/RDF/

53

http://www.w3.org/TR/owl-features/

54

http://www.w3.org/Submission/OWL-S/

55

M. Paolucci, J. Soudry, N. Srinivasan, et al., A broker for OWL-S web services, In: Proc. of the 1st Int. Semantic Web
Services Symposium, 2004 AAAI Spring Symposium Series, Stanford, CA, USA, March 2004.
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1.

Automatic Web service discovery: Automatic Web service discovery is an automated process
for location of Web services that can provide a particular class of service capabilities, while
adhering to some client-specified constraints (the so-called matchmaking). With OWL-S markup
of services, the information necessary for Web service discovery is specified as computerinterpretable semantic markup at the service Web sites, and a service registry or ontologyenhanced search engine may be used to locate the services automatically. Alternatively, a server
may proactively advertise itself in OWL-S with a service registry, also called middle agent, so
that requesters can find it when they query the registry. Thus, OWL-S enables declarative
advertisements of service properties and capabilities that can be used for automatic service
discovery.

2.

Automatic Web service invocation: Automatic Web service invocation is the automatic
invocation of a Web service by a computer program or agent, given only a declarative description
of that service, as opposed to when the agent has been pre-programmed to be able to call that
particular service. Execution of a Web service can be thought of as a collection of remote
procedure calls. OWL-S markup of Web services provides a declarative, computer-interpretable
API that includes the semantics of the arguments to be specified when executing these calls, and
the semantics of that is returned in messages when the services succeed or fail. A software
agent may interpret this markup to understand what input is necessary to invoke the service, and
what information will be returned. OWL-S, in conjunction with domain ontologies specified in
OWL, provides standard means of specifying declaratively APIs for Web services that enable this
kind of automated Web service execution.

3.

Automatic Web service composition and interoperation: This task involves the automatic
selection, composition, and interoperation of Web services to perform some complex task, given
a high-level description of an objective. With OWL-S markup of Web services, the information
necessary to select and compose services is encoded at the service Web sites. Software can be
written to manipulate these representations, together with a specification of the objectives of the
task, to achieve the task automatically. To support this, OWL-S provides declarative
specifications of the prerequisites and consequences of application of individual services, and a
language for describing service compositions and data flow interactions.

OWL-S is an upper ontology of services motivated by the need to provide three essential types of
knowledge about a service (as depicted in Figure 26), each characterized by the question it answers:


What does the service provide for prospective clients? The answer to this question is given in
the “profile”, which is used to advertise the service. To capture this perspective, each
instance of the class Service presents a ServiceProfile.



How is it used? The answer to this question is given in the “process model”. This perspective
is captured by the ServiceModel class. Instances of the class Service use the property
describedBy to refer to the service's ServiceModel.



How does one interact with it? The answer to this question is given in the “grounding”. A
grounding provides the required details about transport protocols. Instances of the Service
class have a “supports” property referring to a ServiceGrounding.

In more detail, the Service class provides an organizational point of reference for a declared Web
service; one instance of Service will exist for each distinct published service. The properties presents,
describedBy, and supports are properties of Service. The classes ServiceProfile, ServiceModel, and
ServiceGrounding are the respective ranges of those properties. Each instance of Service will present
a ServiceProfile description, be describedBy a ServiceModel description, and support a
ServiceGrounding description. The details of profiles, models, and groundings may vary widely from
one type of service to another, i.e. from one Service instance to another. Generally speaking, the
ServiceProfile provides the information needed for an agent to discover a service, while the
ServiceModel and ServiceGrounding, provide enough information for an agent to make use of a
service, upon discovery.
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Figure 26: Top level of the service ontology in OWL-S

The ServiceProfile describes “what the service does”, in a way that is suitable for a service-seeking
agent to determine whether the service meets its requirements. This form of representation includes a
description of what is accomplished by the service, limitations on service applicability and quality of
service, and requirements that the service requester must satisfy to use the service successfully.
The ServiceModel describes to clients how to use the service, by detailing the semantic content of
requests, the conditions under which particular outcomes will occur and, where necessary, the step
by step processes leading to those outcomes. That is, it describes how to invoke the service and what
happens when the service is carried out.
Finally, a ServiceGrounding specifies the details of how an agent can access a service. Typically, a
grounding will specify a communication protocol, message formats, and other service-specific details
such as port numbers used in contacting the service. In addition, the grounding must specify, for each
semantic type of input or output specified in the ServiceModel, an unambiguous way of exchanging
data elements of that type with the service (that is, the serialization techniques employed).
WSMO
WSMO 56 (Web Service Modeling Ontology) is an ontology for describing various aspects related to
SWSs. Having the WSMF (Web Service Modeling Framework) 57 as basis, this framework is refined
and extended through a formal ontology and language. WSMF consists of four different main
elements for describing SWSs: (1) ontologies that provide the terminology used by other elements,
(2) goals that state the intentions that should be solved by Web services, (3) Web services’
descriptions that define various aspects of a Web service, and (4) mediators which resolve
interoperability problems.
WSMO provides ontological specifications for the core elements of SWSs. In fact, SWSs aim at an
integrated technology for the next generation of the Web by combining Semantic Web technologies
and Web services, thereby turning the Internet from an information repository for human consumption
into a world-wide system for distributed Web computing. Therefore, appropriate frameworks for SWSs
need to integrate the basic Web design principles, those defined for the Semantic Web, as well as
design principles for distributed, service-oriented computing of the Web. WSMO is based on the
following design principles:
 Web Compliance - WSMO inherits the concept of URI (Universal Resource Identifier) for unique
identification of resources as the essential design principle of the Word Wide Web. Moreover,
WSMO adopts the concept of namespaces for denoting consistent information spaces, supports
XML and other W3C Web technology recommendations, as well as the decentralization of
resources.
 Ontology-Based - Ontologies are used as the data model throughout WSMO, meaning that all
resource descriptions as well as all data interchanged during service usage are based on
ontologies. The extensive usage of ontologies allows semantically enhanced information
56

http://www.w3.org/Submission/WSMO/

57

D. Fensel and C. Bussler: The Web Service Modeling Framework WSMF, Electronic Commerce Research and Applications,
1(2), 2002, pp. 113-137
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processing as well as support for interoperability. It has to be noted that WSMO supports the
ontology languages defined for the Semantic Web.
Strict Decoupling - Decoupling denotes that WSMO resources are defined in isolation, i.e. each
resource is specified independently without regard to possible usage or interactions with other
resources. This complies with the open and distributed nature of the Web.
Centrality of Mediation - As a complementary design principle to strict decoupling, mediation
addresses the handling of heterogeneities that naturally arise in open environments.
Heterogeneity can occur in terms of data, underlying ontology, protocol or process. WSMO
recognizes the importance of mediation for the successful deployment of Web services by making
mediation a first class component of the framework.
Ontological Role Separation - Users, or more generally clients, exist in specific contexts which
will not be the same as for available Web services. The underlying epistemology of WSMO
differentiates between the desires of users or clients and available services.
Description versus Implementation - WSMO differentiates between the descriptions of SWSs
elements (description) and executable technologies (implementation). While the former requires a
concise and sound description framework based on appropriate formalisms in order to provide a
concise for semantic descriptions, the latter is concerned with the support of existing and
emerging execution technologies for the Semantic Web and Web services. WSMO aims at
providing an appropriate ontological description model, and to be complaint with existing and
emerging technologies.
Execution Semantics - In order to verify the WSMO specification, the formal execution
semantics of reference implementations like WSMX 58 (Web Service Modeling Execution) as well
as other WSMO-enabled systems provide the technical realization of WSMO.
Service versus Web service - A Web service is a computational entity which is able (by
invocation) to achieve a user’s goal. A service in contrast is the actual value provided by this
invocation. WSMO provides means to describe Web services that provide access to services.
WSMO is designed as a means to describe the former and not to replace the functionality of the
latter.

A conceptual comparison between OWL-S and WSMO, which constitute the major approaches for the
realization of standardized SWSs, is provided at WSMO web site 59.
1.3.5.3.3

State-of-the-Art Approaches for Semantic Web Services Infrastructures

ARTEMIS
ARTEMIS 60 is an FP6 European project aimed to develop a SWS based interoperability framework
for the healthcare domain. ARTEMIS addresses functional and semantic interoperability problems in
healthcare by employing Web services and ontology mappings in its architecture. In the ARTEMIS
infrastructure, healthcare organizations are represented as peers in a P2P (peer-to-peer) network
enabling their collaboration. In this P2P architecture there also exist mediator peers acting as brokers
between healthcare organization peers. Therefore, healthcare organization peers do not have to
establish direct point-to-point network connections but rather establish a connection to mediator peers
which are used to route messages in the P2P network.
Healthcare organisations participating in the ARTEMIS infrastructure expose their medical data and
services as Web services that can be discovered by other organisations registered with the ARTEMIS
network. Web services are stored at a mediator in the P2P network that the healthcare organisation
has been registered with. However, in order to discover them in the P2P network, the semantic
descriptions of the Web services are provided. This semantic information describes the service
61
functionality semantics in the domain. In ARTEMIS, HL7 categorization of healthcare events is used
to describe these semantics. The semantic descriptions, which are stored within an ontology server at
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http://www.w3.org/Submission/WSMX/
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WSMO Consortium, A conceptual comparison between WSMO and OWL-S, WSMO Working Draft, 1/2005, Available at:
http://www.wsmo.org/2004/d4/d4.1/v0.1/20050106/
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the mediator, contain relationships between service functionality concepts, service message
concepts, healthcare organisation information and security concepts.
ARTEMIS adopts OWL-S to realise SWSs. In particular, ARTEMIS utilized the features of OWL-S and
created the HL7 event-based ARTEMIS Functionality Ontology in terms of a “Profile Hierarchy”.
Healthcare organizations use this ontology in order to describe the functionality of their Web services.
There is also a need to know the meaning associated with the messages exchanged between Web
services to ensure interoperability, since often Web services do not use the same message
standards. In order to solve message interoperability, ARTEMIS adopts message ontologies and
appropriate ontology mappings. While defining input and output parameters of Web services in OWLS, these parameters are also annotated with the message ontologies that every organisation uses as
its message structure internally. All used concepts, functionalities and message structures refer to the
ARTEMIS ontology employed in the entire ARTEMIS infrastructure. Thus, the ARTEMIS ontology
plays an important role in integrating different healthcare information standards (such as HIPAA 62 and
HL7) used by healthcare organization to identify and classify their services. In addition to the
healthcare entities defined by the ontology, the ontology comprises of three other ontologies, namely,
the Functionality ontology and Message ontology described above, as well as the Clinical Concept
ontology. The Clinical Concept ontology defines the knowledge of healthcare organizations and the
methods of accessing Electronic Health Records (EHR).
In ARTEMIS, healthcare organizations can create their own Functionality ontology and Clinical
Concept ontology using their local healthcare information standards. However, there is a need for a
mechanism to handle the differences between such ontologies, which often may cause many
integration and interoperability problems. The ARTEMIS ontology overcomes such a problem by
introducing an ontology mapping system that can translate and map between different ontologies.
However, there is also a need for a mechanism that will convert XML or EDI messages to ontology
instances in order to execute ontology mappings since the healthcare organizations mostly use EDI
or XML messages while communicating between them. This is done by a normalization tool which
handles the conversion of these formats to ontology both forward and backwards. The ARTEMIS
Architecture provides an OWL mapping tool, called OWLmt, in order to handle all these ontology
mediations. In ARTEMIS architecture, healthcare institutes define the mapping between their own
Message ontology and one of the “Clinical Concept ontologies” available in the Artemis network.
“Clinical Concept ontologies” are designed based on the prominent. Such mappings are defined
graphically between source and target ontologies and the mapping definitions produced are
advertised to the mediators in the P2P network. When a peer wishes to invoke a Web service, the
mediator hosting the OWLmt mapping engine mediates the Web service input and output parameters
from the source ontology instances to target ontology instances automatically using the previously
stored mapping definitions.
The ARTEMIS platform, being one of the first to construct SWSs for the healthcare domain based on
OWL-S, is of particular interest for HeartCycle.
COCOON
63
COCOON is an FP6 EU integrated project aiming at constructing a set of regional semantics-based
healthcare information infrastructures with the goal of reducing medical errors. COCOON employs
Web services in order to ease the integration of complex technologies within the eHealth domain.
COCOON Glue is the subproject which addresses all management and interoperability problems for
Web services. Its main targets are service discovery and service composition. The service discovery
part includes a service discovery engine based on WSMO. This engine deploys matching
mechanisms based on WSMO mediators. COCOON Glue uses goal-goal mediators (ggMediators),
as proposed in WSMO, to overcome interoperability problems that may appear when provider and
requester entities cannot reach an agreement in defining goals and Web services descriptions using
the same ontologies. In addition, Web services – goal mediators (wgMediators) are used to describe
the similarities that relate services and goals. Therefore, firstly requestor’s goal is expanded with the
ggMediator and then the appropriate wgMediator and Web service is discovered.
COCOON Glue defines two different concepts as classes of Web services descriptions and instances
of these classes to define wgMediators. The requester and provider entities should register their class
of services in order to be able to submit a Web service description. At set up time, the administrator of
62
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the system develops a wgMediator by using rules to define the similarities that relate a class of Web
services descriptions to a class of goals. During discovery time, these matching are controlled and
appropriate wgMediators are found.
COCOON, being one of the first initiatives to construct SWSs in healthcare by employing WSMO, is
considered of particular interest for HeartCycle.
INFRAWEBS
The INFRAWEBS 64 FP6 project aims at the development of an application-oriented software toolset
for creating, maintaining and executing WSMO-based SWSs within their entire life cycle. The main
project activities are to build up software modules within an integrated framework, i.e. the Integrated
INFRAWEBS Framework (IIF). Several functionalities are provided for usage in both design and runtime (by service providers, service designers or service brokers), the most significant for the former
one are:
 The SWS Designer, which is aimed at designing a WSMO-based SWS from an existing nonSWS.
 The Organizational Memory, a Web Service implementation of a case-based memory (learning
from the past), which stores and categorises non-logical representations of WSMO objects as
well as additional non-semantic data (like graphical models and templates of SWS).
 The Semantic Information Router constituting a metadata based content management and
aggregation platform that is used by other components to query for annotated and categorized
service descriptions.
 The SWS Composer for creating a SWS through composition of existing WSMO-based SWSs. It
uses a case base memory for retrieving service composition templates similar to the orchestration
interface of the service to be composed.
The major run-time modules (for service consumers, service providers, service brokers) are:
 The Distributed Repository for effective storing and retrieving all semantic elements of the
WSMO Framework, i.e. Goals, Ontologies, SWS and Mediators (written in WSML)
 The Service Access Middleware provides a retrieval and execution interface for advertised
SWSs. The user mandates a user interface agent for fulfilling the service demand and the agent
provides recommendations based on the user's query. The matchmaking between user request
and service capability are similarity and logic based.
 The SWS Executor module processes SWS WSMO descriptions using choreography and
orchestration engines for executing specific SWS related rules.
 The QoS (Quality of Service) Broker provides functionalities for monitoring the SWS execution
process by feeding back extracted metric data.
 The Security and Privacy Enabler realised as an artificial "immune defence system" allowing
the INFRAWEBS framework to function properly under changing conditions.
At the design-time stage INFRAWEBS offers a complete set of tools to design, develop and compose
SWSs conforming to the IIF architecture. The features offered by INFRAWEBS Design/Development
stage are the following:
65
 Registration of WSDL
and BPEL 66 files: Manual insertion of WSDL and BPEL files and
annotation as well as its categorization according to specific domain service ontologies.
 Service design: to describe the functional and non-functional (QoS, SLA, etc.) features of a
SWS, converting existing WSDL files into WSMO based SWSs.
 Service composition: it is used to design and implement the choreography of a composite
service based on the collaboration of external services.
 Publishing SWS: it is used to publish SWSs.
 Manage goals: it is used to build goal templates and to define goal constraints.
At runtime stage INFRAWEBS offers a suite of tools to execute composite services that follow an
orchestrated workflow, in a collaborative process with other services. During the execution of a
64
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composite service, the QoS Monitor collects and analyzes the execution data recovered from the
Executor. Both systems will work together to allow additional features as the recovery actions when
some services are not working or they work incorrectly. The features offered by this stage are
summarized in the following list:
 Service discovering: Provide a list of SWS Descriptions matching the goal which express the
user´s desires.
 Service testing: it allows the execution of regression unit tests and QoS tests for running
services within the Runtime Subsystem.
 SWS execution: it is the core of the Runtime Subsystem. It allows the execution of SWSs and
consequently the invocation of the endpoint of web service.
 QoS monitoring of SWS: it allows monitoring the execution of a service, to recover information
of that execution, to analyze that information and to raise an exception in case that monitoring
properties is not satisfied.
The IIF components and tools developed in the context of INFRAWEBS which are publicly available
are of particular interest for the HeartCycle IT platform towards the construction of SWSs.
1.3.5.3.4

Issues for Semantic Web Services Construction

Ontology Engineering
Typically, ontology engineering involves a complex and iterative procedure. Prior to developing
ontologies, the following key questions should be answered:
 What applications will the ontology support?
 How will the ontology be used and maintained?
 What existing ontologies could be reused and enhanced?
 What are the key concepts in the ontology, what are their attributes and what are their
relationships with other concepts?
The formulation of a hierarchy of the main concepts is a key step in ontology engineering. Established
techniques are bottom-up, top-down, or inside-out 67. When a number of applications exist, the
bottom-up approach of identifying their commonalities is appropriate. When a domain is well
understood, then a top-down strategy can be adopted, but when it is either novel or imperfectly
understood, the inside-out strategy is the desirable one. In this strategy, the main concepts of the
ontology are first placed, followed by enhancements in the structure underlying and overlying them.
Formulation of a hierarchy of the main relationships, as well as definition of their properties, is another
significant step. These include their domain and range, coupled with further restrictions. Attributes of
the concepts and properties, such as value type and cardinality should also be defined.
In the ontology lifecycle, an ontology engineering methodology needs to consider the following three
types of activities:
 Ontology Management Activities: Procedures for ontology management activities must include
definitions for the scheduling of the ontology engineering task. Furthermore, it is necessary to
define control mechanisms and quality assurance steps.
 Ontology Development Activities: When developing the ontology it is important that procedures
are defined for environment and feasibility studies. After the decision to build an ontology, the
ontology engineer needs procedures to specify, conceptualize, formalize, and implement the
ontology. Finally, the users and engineers need guidance for the maintenance, population, use,
and evolution of the ontology.
 Ontology Support Activities: To aid the development of an ontology, a number of important
supporting activities should be undertaken. These include knowledge acquisition, querying,
evaluation, integration, merging and alignment, as well as configuration.
These activities are performed in all steps of the development and management process.
Service Publishing, Discovery and Matchmaking
Among the major issues in a service-oriented architecture are service publishing, discovery and
matchmaking. Service publishing is analogous to advertising in the material world. WSDL descriptions
67
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can be used to support advertising, but they lack semantics for the functional attributes of a service
and nonfunctional attributes are not supported. The descriptions can be maintained locally, kept by a
third party, sent to a middleware matchmaker, or stored at a central registry. The richness of
description plays an important role in matchmaking a service with sophisticated mechanisms, leading
to more accurate results.
Discovery is the preliminary step before service selection. A service has to be discovered by a
prospective consumer (human or machine), so that a correspondence can be established between
user’s goals and service’s capabilities. Service discovery can be approached from three viewpoints:

Users looking for prospective providers

Providers looking for prospective users

Brokers of transactions looking for both users and providers
In all three viewpoints, enriched representations of services based on ontologies can be used so as to
meet both functional and nonfunctional requirements. There are two general approaches for semantic
matchmaking of services, termed explicit and implicit. An implicit representation according to OWL-S
specification would describe a service in terms of its IOPEs (Input, Output, Preconditions, Effects) 68,
while an explicit representation would use an ontology to describe a service as being an instance of a
suitably defined class. Semantic matching algorithms based on OWL can be used so as to identify
semantic similarities between a request and an advertisement. This can be achieved by comparing
the IOPEs of the one service model to the other, provided by a given ontology that includes the
concepts being matched. In this way, the ontology provides the context in which the request and the
advertisement are interpreted.
Technologies for Ontology and Semantic Web Services Development and Management
Lately a wide range of design, development and management tools have been made available for
ontologies as well as for SWSs. In particular, for ontology modelling, tools such as Protégé 69,
KAON2 70 and OBOEdit 71 are widely used frameworks that support not only ontology construction, but
also knowledge acquisition, maintenance and management. Several ontology query languages such
as SPARQL 72, RDQL 73, SeRQL 74 have been defined and standardised, while relevant APIs for
ontology querying such as Jena 75 and Protégé OWL API 76 are also available. For ontology
inferencing, appropriate state-of-the-art inference engines are freely available, e.g., FACT++ 77,
Pellet 78, Racer 79, Sesame 80, etc., and/or rule engines, such as Jess 81 and the SWRL 82 (Semantic
Web Rule Language) language.
Especially for SWSs development, tools and APIs such as OWL-S API 83, WSMO Studio 84, WSMT 85
(Web Service Modeling Toolkit) and WSMO4J 86 are available, while SWSs execution engines such
as WSMX 87 (Web Services Execution Environment) are freely available and widely used.
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Z. Yang, J. Zhang, J. Tao and R. Gay, Characterizing Services Composeability and OWL-S Based Services Composition, in
Proc. of Grid and Cooperative Computing (GCC) 2005, Lecture Notes in Computer Science, vol. 3795, pp. 244-249.
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Ontologies in HeartCycle

A major part in the architecture of the professional loop in WP5 of HeartCycle constitutes the
HealthCare Services’ Broker (Task 5.2). This subsystem is in charge of the definition of interfaces and
the common communication processes between the platform services, as well as the design of a
module in charge of the communication routing. In this regard, Task 5.2 includes the specification and
design of a central ontology that will be used as the communication mean among the modules. In this
way, this ontology will include the communication concepts and relations, the communication
interfaces among the services able to be shared, and the messages management. In addition, the
HealthCare Services’ Broker will provide a communication path to the Decision Support Modules of
WP3 and the Monitoring Module of WP4.
Therefore, according to the SoA approach employed in WP5, the central ontology will constitute a
semantic registry 88 for all the services deployed in the WP5 platform for the professionals, offering the
appropriate semantic quality attributes for service description. Description of services will involve
basically information on their input, output, preconditions and effects (IOPE). In addition, in case
where service choreographies 89 are required to be supported in the professional platform, the central
ontology will incorporate also relations among services, so as to facilitate service composition and
subsequent workflow execution. As a semantic service registry, the central ontology will provide the
ground for the implementation of service registration, discovery, matchmaking and invocation, by
providing via the HealthCare Services’ Broker an appropriate API for ontology querying and retrieval,
as well as matchmaking functionality.
The HealthCare Services’ Broker will also provide a common terminology among services in the
professional platform, in order to facilitate their communication under “mutual understanding”. This
requirement will be also addressed by the central ontology, a part of which will constitute the shared
vocabulary of terms for the components of the platform. According to the SoA approach adopted in
WP5, this terminology will be preferably available and exposed as a Web service to the components
of the platform. Wherever applicable, the construction of the terminology will be based on already
90
existing biomedical terminologies and standards such as UMLS (Unified Medical Language System)
91
and HL7-RIM (Reference Information Model).
In case that the central ontology has to also capture domain knowledge, i.e. regarding HF and CHD,
already existing ontologies will be investigated. In addition, the potential of incorporating clinical
practice information in the central ontology is currently investigated, in terms of clinical practice
guidelines. The level of domain knowledge (if necessary) is going to be determined as the project
evolves. In this regard, of primary interest are the HeartFaid ontology 92 and the PIPS ontology suite 93.
In particular, the HeartFaid ontology encapsulates a detailed taxonomic overview of the HF domain
including relevant relations among concepts (i.e. descriptive knowledge about the domain),
description of actions, typically in the form of suggestions for patients and medical personnel (i.e.
procedural knowledge), resulting in a descriptive and procedural knowledge base for HF. The PIPS
ontology suite consists of both domain and task ontologies that encapsulate knowledge on all aspects
related with nutrition.

We highly regard that the HeartFaid consortium has agreed to share their ontology with
HeartCycle. We are looking forward for a fruitful cooperation with Heartfaid.
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