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ABSTRACT 

During the last decades we have witnessed a global aging phenomenon in the 

population. This can be observed in practically every country in the world, and it is 

mainly caused by the advances in medicine, and the decrease of mortality and fertility 

rates. 

Population aging has an important impact on citizens’ health and it is often the cause 

for chronic diseases, which constitute global burden and threat to the society in terms 

of mortality and healthcare expenditure. Among chronic diseases, Chronic Heart Failure 

(CHF) or Heart Failure (HF) is probably the one with highest prevalence, affecting 

between 23 and 26 million people worldwide. Heart failure is a chronic, long-term and 

serious condition with very poor prognosis and worse survival rates than some type of 

cancers. Additionally, it is often the cause of frequent hospitalizations and one of the 

most expensive conditions for the healthcare systems. 

The aging trends in the population and the increasing incidence of chronic diseases are 

leading to a situation where healthcare systems are not able to cope with the society 

demand. Current healthcare services will have to be adapted and redefined in order to 

be effective and sustainable in the future. There is a need to find new paradigms for 

patients’ care, and to identify new mechanisms for services’ provision that help to 

transform the healthcare systems.  

In this context, this thesis aims to explore new solutions, based on ICT, that contribute 

to achieve the needed transformation within the healthcare systems. In particular, it 

focuses on addressing the problems of one of the diseases with higher impact within 

these systems: Heart Failure. 

The following hypotheses represent the basis to the elaboration of this research: 

1. It is possible to define a model based on a closed-loop paradigm and ICT tools 

that formalises the design of enhanced healthcare services for chronic heart failure 

patients. 

2. The described closed-loop model can be exemplified in a real service that 

supports the management of chronic heart failure disease. 

3. The introduction, adoption and use of a service based on the outlined model will 

result in improvements in the health status of patients suffering heart failure. 
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4. The user experience of patients when utilizing a system based on the defined 

closed-loop model will be enhanced. 

The definition of the closed-loop model for health care support of heart failure patients 

have been based on the standard ISO/EN 13940 System of concepts to support 

continuity of care. It includes a set of concept, processes and workflows, and services as 

main components, and it represent a formalization of services for heart failure patients. 

In order to be validated, the proposed closed-loop model has been instantiated into a 

real service and a supporting IT system. The design and implementation of the system 

followed the user centred design methodology Goal Oriented Design. The validation, 

that included an observational clinical study, aimed to investigate the effect that a 

service based on the closed-loop model had on heart failure patients’ health status.  

The analysis of results comprised quantitative and qualitative analysis methods. The 

quantitative analysis was focused on determining the health status of patients based on 

objective data (obtained in lab tests or physical examinations). Two specific indexes 

where defined and considered in this analysis: the stability index and the health status 

evolution index. The qualitative analysis assessed the self-perception of patients’ health 

status in terms of quality of life, self-care, knowledge, anxiety and depression, as well 

as knowledge levels. It was based on the data gathered through several standard 

instruments (i.e. EQ-5D, the Hospital Anxiety and Depression Scale, the Kansas City 

Cardiomyopathy Questionnaire, the Dutch Heart Failure Knowledge Scale, and the 

European Heart Failure Self-care Behaviour Scale) as well as dedicated non-standardized 

user experience questionnaires. The results obtained in both analyses, quantitative and 

qualitative, were compared in order to assess the correlation between the objective 

and subjective health status of patients. 

The results of the validation showed that the proposed model contributed to improve 

the health status of the patients and had a positive effect on the patients’ care. It also 

proved that the model is a valid instrument for designing enhanced healthcare services 

for heart failure patients.  
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RESUMEN 

Durante las últimas décadas se ha producido un fenómeno global de envejecimiento en 

la población. Esta tendencia se puede observar prácticamente en todos los países del 

mundo y se debe principalmente a los avances en la medicina, y a los descensos en las 

tasas de fertilidad y mortalidad. El envejecimiento de la población tiene un gran impacto 

en la salud de los ciudadanos, y a menudo es la causa de aparición de enfermedades 

crónicas. Este tipo de enfermedades supone una amenaza y una carga importantes para 

la sociedad, especialmente en aspectos como la mortalidad o los gastos en los sistemas 

sanitarios. Entre las enfermedades cardiovasculares, la insuficiencia cardíaca es 

probablemente la condición con mayor prevalencia y afecta a 23-26 millones de 

personas en todo el mundo. Normalmente, la insuficiencia cardíaca presenta un mal 

pronóstico y una tasa de supervivencia bajas, en algunos casos peores que algún tipo 

de cáncer. Además, suele ser la causa de hospitalizaciones frecuentes y es una de las 

enfermedades más costosas para los sistemas sanitarios. La tendencia al 

envejecimiento de la población y la creciente incidencia de las enfermedades crónicas 

están llevando a una situación en la que los sistemas de salud no son capaces de hacer 

frente a la demanda de la sociedad. Los servicios de salud existentes tendrán que 

adaptarse para ser efectivos y sostenibles en el futuro. Es necesario identificar nuevos 

paradigmas  de cuidado de pacientes, así como mecanismos para la provisión de 

servicios que ayuden a transformar estos sistemas sanitarios. En este contexto, esta 

tesis se plantea la búsqueda de soluciones, basadas en las Tecnologías de la Información 

y la Comunicación (TIC), que contribuyan a realizar la transformación en los sistemas 

sanitarios. En concreto, la tesis se centra en abordar los problemas de una de las 

enfermedades con mayor impacto en estos sistemas: la insuficiencia cardíaca. Las 

siguientes hipótesis constituyen la base para la realización de este trabajo de 

investigación: 

1. Es posible definir un modelo basado en el paradigma de lazo cerrado y 

herramientas TIC que formalice el diseño de mejores servicios para pacientes 

con insuficiencia cardíaca. 

2. El modelo de lazo cerrado definido se puede utilizar para definir un servicio real 

que ayude a gestionar la insuficiencia cardíaca crónica. 

3. La introducción, la adopción y el uso de un servicio basado en el modelo definido 

se traducirá en mejoras en el estado de salud de los pacientes que sufren 

insuficiencia cardíaca. 
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a. La utilización de un sistema basado en el modelo de lazo cerrado 

definido mejorará la experiencia del usuario de los pacientes.  

La definición del modelo planteado se ha basado en el estándar ISO / EN 13940- Sistema 

de conceptos para dar soporte a la continuidad de la asistencia. Comprende un conjunto 

de conceptos, procesos, flujos de trabajo, y servicios como componentes principales, y 

representa una formalización de los servicios para los pacientes con insuficiencia 

cardíaca. Para evaluar el modelo definido se ha definido un servicio real basado en el 

mismo, además de la implementación de un sistema de apoyo a dicho servicio. El diseño 

e implementación de dicho sistema se realizó siguiendo la metodología de Diseño 

Orientado a Objetivos. El objetivo de la evaluación consistía en investigar el efecto que 

tiene un servicio basado en el modelo de lazo cerrado sobre el estado de salud de los 

pacientes con insuficiencia cardíaca. La evaluación se realizó en el marco de un estudio 

clínico observacional. El análisis de los resultados ha comprendido métodos de análisis 

cuantitativos y cualitativos. El análisis cuantitativo se ha centrado en determinar el 

estado de salud de los pacientes en base a datos objetivos (obtenidos en pruebas de 

laboratorio o exámenes médicos). Para realizar este análisis se definieron dos índices 

específicos: el índice de estabilidad y el índice de la evolución del estado de salud. El 

análisis cualitativo ha evaluado la autopercepción del estado de salud de los pacientes 

en términos de calidad de vida, auto-cuidado, el conocimiento, la ansiedad y la 

depresión, así como niveles de conocimiento. Se ha basado en los datos recogidos 

mediante varios cuestionarios o instrumentos estándar (i.e. EQ-5D, la Escala de 

Ansiedad y Depresión (HADS), el Cuestionario de Cardiomiopatía de Kansas City (KCCQ), 

la Escala Holandesa de Conocimiento de Insuficiencia Cardíaca (DHFKS), y la Escala 

Europea de Autocuidado en Insuficiencia Cardíaca (EHFScBS), así como cuestionarios 

dedicados no estandarizados de experiencia de usuario. Los resultados obtenidos en 

ambos análisis, cuantitativo y cualitativo, se compararon con el fin de evaluar la 

correlación entre el estado de salud objetivo y subjetivo de los pacientes. 

Los resultados de la validación demostraron que el modelo propuesto tiene efectos 

positivos en el cuidado de los pacientes con insuficiencia cardíaca y contribuye a 

mejorar su estado de salud. Asimismo, ratificaron al modelo como instrumento válido 

para la definición de servicios mejorados para la gestión de esta enfermedad.  
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STRUCTURE OF THE THESIS 

This document is structured in different chapters to explain the research process of the 

thesis: 

Chapter 1 provides the background, important concepts, the state of the art and the 

motivation for the research. 

Chapter 2 presents the hypotheses and objectives. 

Chapter 3 describes the different methods and materials utilised during the research 

work. These include several methodologies for design, development and validation, as 

well as the specific ISO International Standard used as a starting point for defining the 

main result of this thesis, the closed-loop model. 

Chapter 4 presents the closed-loop model for improving heart failure patients’ care 

defined as part of this research work.  

Chapter 5 describes the exemplification of the theoretical model into a real case service. 

Chapter 6 presents the results of the validation of the model, using the real case system, 

conducted in a clinical study. It also presents the discussion of the results. 

Chapter 7 concludes the thesis presenting the main conclusions and the proposed 

future research lines. 
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In the last decades we have witnessed a global aging phenomenon in the population. 

This can be observed in practically every country in the world, and it is mainly caused 

by the advances in medicine, and the decrease of mortality and fertility rates 

(Christensen et al, 2009). The situation is far to improve in the forthcoming years. 

Estimations foresee that the number of older people (>60 years old) will be duplicated 

in less than four decades (from 841 million people in 2013 to more than 2 billion in 

2050) (WHO, 2015).  

Population aging has an important impact on society, both at a global and individual 

levels. The aging process itself has a significant effect on citizens’ health, and it is one of 

the main non-modifiable risk factors for chronic diseases. These diseases constitute a 

global burden and threat to the society, both in terms of mortality and healthcare 

resources’ consumption. The World Health Organization (WHO) considers that they are 

responsible for 63% of the global deaths in the world. Additionally, approximately 77% 

of the total healthcare expenditure in Europe and 88% in the United States is caused by 

these type of diseases (WHO, 2013; Gerteis et al, 2014). 

Cardiovascular Diseases (CVDs) alone account for nearly half of the total chronic 

diseases, and are the main cause of mortality in the world (Gaziano, 2007; Woodward 

et al, 2015; Roth et al, 2015). They are caused by a group of disorders of the heart and 

blood vessels and include, among others, coronary heart disease, cerebrovascular 

disease, heart failure, peripheral arterial disease, rheumatic heart disease, congenital 

heart disease, cardiomyopathies, or hypertension (Mann et al, 2014). 

Among CVDs, Chronic Heart Failure (CHF) or Heart Failure (HF) is one with the highest 

prevalence, strongly age-related, and with an increasing incidence rate (Farmakis et al, 

2015). It is a multisystem disorder characterized by abnormalities of cardiac function, 

skeletal muscle, and renal function, as well as by a complex pattern of neuro-hormonal 

change that impairs the ability of either one or both ventricles to fill or eject 

(Longjian&Howard, 2014). 

Heart failure affects nearly 15 million people in Europe, and between 23 and 26 million 

people worldwide (Mozaffarian et al, 2015). The prognosis for patients suffering this 

disease is very poor, and presents worse survival rates than some types of cancers (e.g. 

breast, colon and ovarian cancer in women, and prostate, colon and bladder cancer in 

men). Only 50% of patients survive beyond 5 years after diagnosis (Stewart et al, 2001). 
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It is also the cause of frequent hospitalizations (e.g. 50% of patients are hospitalized 

once a year, and 30% within 60 to 90 days post-discharge) (Ambrosy et al, 2014; Axente, 

Sinescu & Bazacliu, 2011). Additionally, it causes significant health and financial burdens 

on patients, their families, and the society as a whole. In fact, it is one of the most 

expensive conditions for the healthcare systems, accounting for almost 2.5% of the 

overall healthcare expenditure of the EU countries (NICOR, 2011). 

Heart failure is one example of the problems that chronic diseases are causing to the 

current healthcare systems. The aging trends in the population and the increasing 

incidence of these diseases are leading to a situation where these systems are not able 

to cope with the society demand. Current healthcare services will have to be adapted 

and redefined in order to be effective and sustainable in the future. These 

circumstances have fostered the exploration of new models and the definition of 

policies and strategies towards the transformation of healthcare systems, promoted by 

different organizations.  

In this sense, a decade ago the European Commission proposed a restructuring of the 

health delivery systems based on a two-fold paradigm shift: a) from symptom-based to 

preventive healthcare, and b) from hospital-centred to person-centred health systems. 

This change aimed at ensuring continuity of care at all levels (from prevention to 

rehabilitation), and in a ubiquitous way (offered in all places where patients might need 

care, from clinical settings to living and working environments). ICT were considered 

key enabling instruments in supporting this change (European Commission, 2006; 

European Commission, 2007). 

Later in time, in 2010, the Europe 2020 strategy was created with the objective of 

establishing the conditions for smart, sustainable and inclusive growth in 10 years 

(European Commission, 2010). The promotion of health was an important part of this 

strategy, and was addressed in practice through the Innovation Union flagship initiative 

that aims, among others, to improve the European citizens’ quality of life. Moreover, 

the Innovation Union launched in 2011 the European Innovation Partnerships (EIPs), as 

new approaches to EU research and innovation that are challenge-driven, focusing on 

societal benefits and a rapid modernisation of the associated sectors and markets. The 

first of these partnerships was created in 2011 and was focused on Active and Healthy 

Aging (European Commission, 2011). 

The European Innovation Partnership on Active and Healthy Ageing (EIPonAHA) aims 

to increase the average healthy lifespan by two years by 2020 and pursues a triple win 
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for Europe: 1) enabling EU citizens to lead healthy, active and independent lives while 

ageing; 2) improving the sustainability and efficiency of social and health care systems; 

and 3) boosting and improving the competitiveness of the markets for innovative 

products and services, responding to the ageing challenge at both EU and global level, 

thus creating new opportunities for businesses It brings together different and relevant 

actors at European, national and regional levels that cooperate together in finding 

innovative solutions that meet the needs of the elderly population. EIPonAHA is 

structured in three priority areas for action (i.e. prevention, screening and early 

diagnosis; care and cures; and active aging and independent living), and six action 

groups that address key aspect of the active and healthy aging domain. One of the 

action groups within this initiative is defining new models and strategies that reduce 

the avoidable and unnecessary hospitalisation of older people with chronic conditions, 

through the effective implementation of integrated care programmes and chronic 

disease management (European Commision, 2011b; EIPonAHA, 2015). 

Outside the European Commission, several organizations and partnerships are working 

at different levels defining new approaches and agendas in healthcare. The European 

Connected Health Alliance (ECHAlliance) is also a collaborative partnership that aims to 

define strategies to speed up progress in the delivery of health and social care. With 

more than 320 member organisations, 15,000 profiles, and a presence in 25 countries, 

the ECHAlliance has established different ecosystems that bring together stakeholders 

from the health, wellbeing and social care domains interested in developing a joint 

health agenda across a specific country or region. Some of its key objectives are the 

improvement of the health status and the quality of life for patients and citizens; to 

tackle the major challenges such as chronic diseases, and coordination of care; and to 

ensure the sustainability of the health and social care systems, by increasing efficiency 

and identifying innovative financial and business models (ECHA, 2015). 

Another organization, Partners HealthCare Connected Health (formerly known as 

Center for Connected Health) is currently working in the definition of a new model of 

health care delivery based on the concept of connected health, a novel term that 

reflects the range of opportunities for technology-enabled care programs and the 

potential for new strategies in healthcare delivery. The model aims to develop 

innovative, technology-enabled and effective solutions for delivering quality patient 

care outside of the traditional medical settings (Connected Health, 2015). 

However, despite all the previously mentioned initiatives, most of the existing 

healthcare systems are based on traditional models and have not incorporated any of 
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these policies and strategies. There is still a need to find new paradigms for patients’ 

care and to identify innovative mechanisms for services’ provision that help to 

transform these systems.  

In this context, this thesis aims to explore new solutions, based on ICT, that contribute 

to achieve the needed transformation within the healthcare systems. In particular, it 

focuses on addressing the problems of one of the diseases with higher impact within 

these systems: Heart Failure. 

The following sections present the background, previous work and initiatives 

considered relevant to this thesis. It has been divided in four parts: a) medical 

background, including some medical aspects for the management of heart failure 

disease; b) healthcare and ICT, where we analyse the existing solutions based on ICT for 

managing chronic diseases, and heart failure in particular; c) healthcare models and 

standards, including a description of the relevant initiatives in the field; and d) new 

concepts, where some important concepts that will be considered in the definition of 

the objectives are described. Additionally, the limitations and challenges exiting 

nowadays in all these aspects are also presented. 

 

This sections present some important aspect related with the treatment of heart failure 

disease that are considered to be relevant for this research work. 

Heart failure is a chronic, long-term and serious condition that requires a complex 

medical care. It can be originated by many different causes, being the leading ones the 

diseases that damage the heart. Examples include Coronary Heart Disease (CHD), high 

blood pressure, and diabetes (Bui, Horwich & Fonarow, 2011; Lloyd-Jones, 2010). The 

aging process itself is also a risk factor for this disease, as it can lead to deteriorations 

in the heart function or its structure (Roger, V. L., 2013).  

Heart failure can be classified in different categories attending to the level of severity 

of the disease or the functional limitations that it causes on patients. The American 

College of Cardiology (ACC) and the American Heart Association (AHA) defined a 

classification of the disease in four stages, based on risk for developing the disease 

associated with possible causes (Table 1.1) (Hunt et al, 2009). Additionally, the New 

York Heart Association (NYHA) functional classification establishes four levels based on 

the severity of symptoms and physical activity (Table 1.2) (Ganiats, Browner & Dittrich, 

1998). 
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Table 1.1: ACC/AHA classification of HF based on risk and possible causes 

Stage Description 

A   (High risk for developing CHF) Hypertension, diabetes mellitus, family history, 

coronary artery disease. 

B    (Asymptomatic HF) Previous myocardial infarction (heart attack), valvular 

disorders, left ventricular dysfunction. 

C    (Symptomatic HF) Structural heart disease, fatigue, low tolerance level for 

physical activity. 

D   (Refractory end-stage HF) Severe limitations. Experience symptoms even while at 

rest. 

Table 1.2: New York Heart Association functional classification 

Class Description 

Class I No limitation of physical activity.  

Ordinary physical activity does not cause undue fatigue, palpitation, dyspnoea, 

or angina pain. 

Class II Slight limitation of physical activity.  

Comfortable at rest, but ordinary physical activity results in fatigue, 

palpitation, dyspnoea, or angina pain. 

Class III Marked limitation of physical activity.  

Comfortable at rest, but less than ordinary activity causes fatigue, palpitation, 

dyspnoea, or angina pain. 

Class IV Inability to carry on any physical activity without discomfort. 

Symptoms of heart failure or the angina syndrome may be present even at 

rest. If any physical activity is undertaken, discomfort is increased. 

Source: American Heart Association 

The treatment and therapy in heart failure patients is focused on maintaining their 

health status in a stable situation, preventing and managing rapid deteriorations, and 

avoiding cardiac decompensations (i.e. a combination of symptoms and signs that 

indicate that the heart by reason of its abnormal condition is no longer able to maintain 

an efficient circulation of blood) (Burkot et al, 2015). This treatment usually comprises 

a combination of pharmacological and lifestyle interventions. 

The pharmacological intervention is usually very complex and has to be strictly 

controlled. It includes two types of medication: 

- Diuretics, to control symptoms. 
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- ACE inhibitors (or angiotensin receptor blockers), beta-blockers and 

aldosterone antagonists, to improve symptoms and prognosis. 

Diuretics are a standard treatment given to heart failure patients to relieve symptoms 

of congestion (breathlessness and ankle swelling). Since there are side effects (e.g. 

disturbance of the electrolyte levels in the body, hypotension, and renal dysfunction) 

and no proven benefit for mortality, health professionals tend to kept the diuretics 

doses as low as possible, while still maintaining the patient at their ideal “dry weight” 

(i.e. neither congested nor dehydrated) (Parrinello et al, 2015). 

The other group of medication (i.e. ACE inhibitors, beta-blocker and aldosterone 

antagonists) is usually managed through a titration process. The clinical guidelines 

recommend particular target doses for each of these medications, however, the 

treatment is generally initiated with low doses that are titrated up slowly afterwards. 

The titration process monitors possible complications (like adverse symptoms, 

excessive falls in blood pressure, reductions in heart rate, or excessive increases in 

potassium or creatinine) in order to adjust the medication accordingly. 

Lifestyle interventions comprise recommendations for a healthy diet, fluid intake 

control, and avoiding risk factors (e.g. hypertension, sleep apnoea, obesity, tobacco use, 

alcohol use, etc.). In some cases, they include educational programs that help patients 

to manage some aspects of their disease. 

Conventional healthcare services for heart failure patients include periodic visits to the 

cardiologist, typically at 3-6 months intervals, where the previous mentioned treatment 

is prescribed, revised and adjusted, when needed. It has been proved that this 

treatment, combined with enhanced surveillance has the potential to provide better 

outcomes in term of hospital readmission and mortality. Additionally, it can help to 

prevent rapid deteriorations in patients’ health status (Rich, M. W, 1999; Gonseth et al, 

2004). 

 

The advancements in technology have always caused a tremendous impact on the 

provision of health care services and the management of health. This has been 

especially relevant in the field of ICT applied to chronic diseases management. Along 

history, the application of these technologies to the health domain has led to the 

appearance of new methods for service delivery, based on concepts such as 

telemedicine, e-health and p-health (Celler, Lovell & Basilakis, 2003).  
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One of the first applications of these technologies in the health domain were the 

telemedicine services. This term not was not officially coined until the 1970s 

(Willemain&Mark, 1971), although, historically, it can be traced back to the mid to late 

19th century (Craig & Patterson, 2005). One of the first publications referring to this 

concept was done in the early 20th century, precisely in the area of cardiology, and 

described the transmission of electrocardiograph data over telephone wires (Einthoven 

W, 1906). 

During the 20th century, the technology has evolved and healthcare services have been 

changing and becoming more complex accordingly, driven by the new opportunities 

that offered.by these technologies. 

With the introduction and expansion of the Internet, new types of services started to 

arise and a new term appeared associated to these new services, e-health, understood 

as all forms of electronic health care delivered over the Internet (Maheu, 2001). These 

services were no longer independent “point-to-point” telemedicine initiatives, and 

health care delivery started to use the worldwide network Internet. 

One of the first applications of e-health services was the telemonitoring, or home 

telemonitoring (HTM), a term used in the healthcare domain for referring to the patient 

management approach that use various information and communication technologies 

to monitor patients at distance (usually at home) (Paré, Jaana & Sicotte, 2007). 

Telemonitoring services have been widely used in heart failure disease management for 

diverse applications and at different levels: enhanced surveillance, crisis prevention, 

treatment, stabilisation, or self-empowerment of patients (Anker, 2011). Moreover, in 

the last decades, the advances in some technologies (i.e. sensors, processing power and 

the Information and Communication Technologies) and the rising costs of healthcare 

staff have positioned home telemonitoring as one of the most cost-effective methods 

for delivering enhanced follow up and high-quality care for most heart failure patients 

(Cleland, Lewinter & Goode, 2009). 

In 2011, Anker et al. (Anker, Koehler & Abraham, 2011) proposed a classification of e-

health telemonitoring systems for heart failure in four classes or “generations”. It was 

based on the type of data transfer, the decision making ability of the care provider 

reviewing the transferred data, and level of integration of all systems within the 

healthcare structure. 

According to this classification, first generation systems offer basic data collection and 

asynchronous data transfers, and they are not able to support real time communication 
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between patients and healthcare professionals. Second generation systems are based 

on synchronous data transfers, and offer some basic analysis of information (not 

immediate nor constant) and some decision-making options. Both first and second 

generation of telemonitoring systems provide basic functionalities in terms of 

monitoring and patient management, and can only support simple services, usually 

focused on early crisis detection and prevention. They have many drawbacks, in 

particular the false positive alert rate. 

Third generation systems are more advanced as they include constant analytical and 

decision-making support, as well as uninterrupted healthcare professionals’ 

involvement (24/7). These systems allow the provision more complex services (e.g. 

clinical decision support, flexibility in changing care plans, and tailoring educational 

content). More specifically, the health maintenance concept (which seeks to keep 

patients near to ideal and individualised targets for symptoms and vital signs) can be 

implemented using these systems. Using conventional methods of follow-up or even 

first and second generation HTM, this approach would require a frequent interaction 

with a nurse or doctor (e.g. practically on a daily basis or even more often) which is not 

feasible with existing resources and also unaffordable. 

Finally, fourth generation systems are extensions of the third generation ones that 

involve complex data fully integrated (i.e. data from invasive and non-invasive devices) 

with the clinical platforms and available to different type of professionals and centres. 

Due to the nature of the services offered with this kind of systems, they usually require 

continuous presence of physicians. 

Nowadays, most of the existing telemonitoring solutions (both at research and 

commercial levels) are considered second generation systems, according to the 

classification described above. These systems present basic functionalities in terms of 

the services that they can support, as well as the following limitations (Mabote, Wong 

& Cleland, 2014): 

 Services are too general and they lack customization. 

 The offered feedback is too generic and not tailored to the real needs, 

preferences and conditions of patients. 

 Current services follow a “crisis-management” approach, and do not provide 

enough information to prevent decompensation and the consequent risk of 

hospitalisation. 
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 Education to patients is still very basic, and motivation is often not included in 

the service. 

Nevertheless, despite these limitations, telemonitoring systems have proven to be 

effective in managing heart failure disease from different perspectives (e.g. 

hospitalization reduction, increasing quality of life, mortality, etc.). This has been 

demonstrated in numerous scientific studies. 

For instance, already in 2003, Louis et al. concluded that telemonitoring would have an 

important role in delivering effective care for patients to heart failure, after analysing 

24 studies (eighteen observational studies and six randomised clinical trials) involving 

these type of systems. According to this review, some of the benefits of telemonitoring 

seemed to be a reduction in hospitalizations, both in bed-days occupancy and 

readmission rates (Louis et al, 2003). 

These conclusions were confirmed later in some other studies. In 2007, a systematic 

review (Clark et al, 2007) analysed 14 randomized controlled trials that provided remote 

monitoring for chronic heart failure (both telemonitoring and telephone nurse support). 

The analysis showed that remote monitoring programs reduce hospital admissions 

related to HF by more than 20%, and lead to an increased quality of life of patients. 

Additionally, it showed that the use of device-based home telemonitoring has a large 

reduction in mortality. Later, in 2010, a Cochrane review that compared telemonitoring 

with the usual care in randomised controlled trials involving 2,710 patients found a 34% 

reduction in all-cause mortality and a 23% reduction in hospitalisation for worsening 

heart failure (Inglis, 2010). 

The technological selection seems to have an effect on the outcomes obtained from 

telemonitoring. Several studies suggest that enhanced structured telephone support to 

heart failure patients has less noticeable effects in reducing mortality and 

hospitalization than telemonitoring systems (Cleland, Lewinter & Goode, 2009; Inglis et 

al, 2011). In this sense, in 2015, Kitsiou, Paré & Jaana presented an overview of 15 

systematic reviews on the effectiveness of home telemonitoring interventions for 

patients with heart failure published between 2003 and 2013 (Kitsiou, Paré & Jaana, 

2015). The analysis concluded that not all the different technologies used in 

telemonitoring systems have the same effectiveness in reducing the risk of all-cause 

mortality and HF-related hospitalizations. More specifically, only two of them (i.e. 

automated device-based telemonitoring and mobile telemonitoring) proved to be 

effective compared to the others included in the systematic reviews (i.e. video-
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consultation, with or without transmission of vital signs, interactive voice response, and 

web-based telemonitoring). 

From a more general perspective, the Department of Health in the United Kingdom set 

up from 2008 to 2011 one of the most important studies done in the recent years in the 

area of telemonitoring: the Whole System Demonstrator (Bower et al, 2011). It was a 

randomised control trial with the objective to gather evidence on the impact and 

effectiveness of telecare and telehealth interventions in five different aspects (i.e. 

service utilization; quality of life, wellbeing, self-care and carer burden; users’ 

experience; economic consequences; and organizational factors). The study aimed to 

show how the technology supports people to live independently, take control and be 

responsible for their own health and care, and, thus, to provide a clear evidence base 

that could support important investment decisions in the health and social care sectors. 

The first set of results from this programme was published in 2012, and showed that, if 

delivered properly, telehealth can substantially reduce mortality, reduce the need for 

admissions to hospital, lower the number of bed days spent in hospital and reduce the 

time spent in Accident and Emergency. On the contrary, they resulted to be less 

conclusive than expected for many of the aspects assessed (e.g. costs reduction, quality 

of life, etc.). It seems that the key to achieve positive results could be a transformation 

in the way services are delivered, and especially ensuring that the appropriate 

technologies are integrated into the health and care services (Henderson et al, 2013; 

Steventon et al., 2012; Sanders, 2012). 

In addition to the different clinical trials presented above, there have been numerous 

research activities in the last years focused on looking for solutions to improve the 

management cardiovascular diseases in general, and heart failure in particular. 

As an example, MyHeart project (Harris & Habetha, 2007) focused on the prevention 

and management aspects of chronic cardiovascular diseases and it developed solutions 

targeted to individuals with different levels of cardiovascular risk. In particular, the 

project developed a telemonitoring system, based on wearable sensors, aimed to early 

detect decompensations and improve patient management. HeartCycle project (Reiter 

& Maglaveras, 2009) provided one of the first closed-loop disease management 

solutions for Heart Failure and Coronary Heart Disease patients. This project has been 

the framework for the validation of the closed-loop model performed as part of this 

thesis. Moreover, the WANDA system proposed a solution for chronic heart failure 

management based on the remote monitoring of three parameters (i.e. weight, blood 
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pressure, physical activity) and the Heart Failure Somatic Awareness Scale (HFSAS) (Suh 

et al, 2011). Finally, the Bravehealth project developed a patient centric approach for 

an integrated, adaptive, context aware remote diagnosis and management of 

cardiovascular diseases. The project designed a real-time monitoring solution for 

already diagnosed cardiac patients based on wearable and mobile technologies that 

was able to detect and prevent adverse events (Dhukaram et al, 2011; Bohacik & Davis, 

2012). 

These research activities in the e-health domain have not been limited to research 

funded projects. In the recent years, several Doctoral Theses have been focused on the 

definition of models and architectures for providing e-health and p-health services 

(Traver Salcedo, 2008; Villalba Mora, 2008; Salvi, 2014). 

There are also several telemonitoring products commercially available. A number of 

vendors offer technology packages, mainly belonging to the second generation 

telemonitoring systems (e.g. Alere Connect, Philips Motiva, Honeywell HomMed, 

Sentrian, etc.). These solutions typically comprise a home hub or central station for the 

patient together with sensors, which record certain physiological signs (e.g. weight, 

blood pressure, heart rate and ECG, and oxygen saturation level or fluid status (less 

frequent)). The measured data are transmitted from the home hub to a backend, where 

data are reviewed, usually by a nurse. To facilitate the data review and to guide the 

attention of the nurse, limits can be defined for certain parameters and automatic alerts 

are given when these limits are exceeded.  

 

In spite of the research and commercial activity in the area of e-health and particularly 

related to telemonitoring systems, there are very few models, standards or initiatives 

that have proved to be effective in formalising these type of services. 

The most relevant model existing nowadays for providing care to chronic patients is the 

Chronic Care Model (CCM). It was developed in 1998 by Ed Wagner and his team 

(Wagner E. H, 1998), and proposes a framework aimed to improve chronic illness care. 

It is based on the assumption that any improvement in care requires the involvement 

of patient, provider, and system level interventions. 

The CCM identifies six essential elements of a health care system that intervene in a 

high-quality chronic disease care: community, the health system, self-management 

support, delivery system design, decision support and clinical information systems. The 
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model can be applied to a variety of chronic illnesses, health care settings and target 

populations and it is currently the basis of most of the chronic care policies in the 

developed countries. 

Kaiser Permanente developed a model for service delivery based on the CCM, usually 

referred as the Kaiser Pyramid. It focuses on integrating organisations and disciplines 

across different levels of care (e.g. primary and secondary care), and stratifies patients 

in order to offer services according to their needs (Feachem, Sekhri & White, 2002). 

In terms of standards, ISO, as an independent, non-governmental international 

organization, has defined several international standards that address diverse aspects 

related to the management of chronic diseases and the provision of healthcare services. 

In particular, two of the standards classified under the group 35.240.80 (IT applications 

in health care technology), are considered to be relevant for this research work. 

The European Standard Health informatics - System of concepts to support continuity 

of care, ISO/EN 13940, defines a generic system of concepts needed to achieve 

continuity of care (CEN, 2007; ISO, 2012). Continuity of care is understood as the 

management of health information considering two different perspectives: a) local 

management of information about the subject of care or patient, at the site of care 

provision; and b) information interchange between health care providers The general 

aim for this standard is to provide a comprehensive, conceptual basis for content and 

context in healthcare services. It is based on a clinical process model and it is applicable 

to all types of healthcare, with special focus on patient-centred care. 

The ISO/IEEE 11073 Personal Health Device (PHD) standards are a broad family of 

standards that promote interoperability of personal medical devices (ISO, 2012b). 

Medical device interoperability and communications are critical components of remote 

care and citizen-centric electronic health environments. 

 

The e-health domain is rapidly evolving and new concepts and trends are continuously 

arising. In particular, there are two of these concepts that are considered key in the 

definitions of new healthcare services: closed-loop systems and patients empowerment. 

In the engineering domain, control systems are often classified in two categories: open-

loop systems and closed-loop systems. Open-loop systems are based on a cause-and-

effect relationship, where the system uses the inputs as variables to control the output. 

They are defined to achieve some concrete results, but there is no way to check if the 
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results have been achieved or to modify the entry conditions or the process based on 

the achieved intermediate results. On the other hand, closed-loop systems use 

feedback (extracted from the output) to adjust the input and, thus, adapt themselves 

based on the outputs achieved and regulate the final results (Phillips & Harbor, 1988).  

Closed-loop control is a basic principle in everyday life. Electronic systems based on this 

concept are used in a wide range of applications (e.g. thermostats, cruise control in 

automobiles, robots, etc.) (Aström & Murray, 2010). Also, in the human body, closed-

loop control is used to keep certain intrinsic parameter of the organism (e.g. body 

temperature, blood pressure, blood-glucose level, etc.) within a specific range of values, 

despite any possible environmental disturbance (Schaldach M, 1998).  

Closed-loop systems have been used in several areas of the medicine domain during the 

recent years. Some examples include continuous glucose monitoring (Hovorka et al., 

2010; Weinzimer et al., 2008; Trang et al, 2015), ventilation in ICUs (Wysocki & Brunner, 

2007), or anaesthesia (Rinehart, Alexander & Cannesson, 2012). In 2008, Pauldine et al. 

showed the potential of closed-loop strategies to improve patients’ care, especially 

when applied to critical care medicine (Pauldine et al, 2008). In the cardiology domain, 

closed-loop control systems have been used for controlling the cardiovascular 

regulatory system (e.g. rate modulation induced by Closed Loop Stimulation) (Salo, 

Spinelli & Tockman, 1996). 

However, all these applications of closed-loop systems involve the use of very complex 

systems or devices and are related with the physiological processes of the human body. 

The use of the closed-loop concept in the area of e-health or personalized care solutions 

is quite new. 

HeartCycle project made on of the first attempts in this field, proposing a complete 

disease management solution for a set of CVDs patients (namely heart failure and 

coronary artery disease patients) based on closed-loop systems (Maglaveras & Reiter, 

2011). Another project, iCARDEA, developed a remote monitoring system, for atrial 

fibrillation patients with implant devices (Laleci et al, 2011). PSYCHE, MONARCA and 

OPTIMI projects (Paradiso et al, 2010; Mayora et al, 2013; Westwood, J. D., 2011) 

investigated solutions for mental health. Additionally, several solutions for diabetes 

based on closed-loops systems were also developed in Ap@HOME, REACTION and 

METABO (Facchinetti et al, 2013; Höll et al, 2011; Fioravanti, et al, 2011). 

In spite of these attempts, the application of the closed-loop concept to the e-health 

domain is still in its infancy. 
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Another relevant concept that has to be considered in the definition of healthcare 

services is patient empowerment, which is the current term for referring to a patient-

centred’ approach in medical care. It is considered a key concept in the transformation 

of the healthcare services delivery, especially in the case of chronic diseases 

management. However, despite its popularity and the wide recognition of its 

importance, there is still not a common accepted definition for this concept (MacAllister 

et al, 2012). 

Some of the definitions for this concept comprise the one provided by the European 

Network on Patient Empowerment (ENOPE), which defines patient empowerment as 

“the design and delivery of health and social care services that enables citizens to take 

control of their health care needs” (ENOPE, 2015). According to the European Patients 

Forum, patient empowerment is “a process that helps people gain control over their 

own lives and increases their capacity to act on issues that they themselves define as 

important” (EPF, 2015). The EMPATHiE project also provided the following definition for 

patient empowerment: “An empowered patient has control over the management of 

their condition in daily life. They take action to improve the quality of their life and have 

the necessary knowledge, skills, attitudes and self-awareness to adjust their behaviour 

and to work in partnership with others where necessary, to achieve optimal well-being. 

Empowerment interventions aim to equip patients (and their informal caregivers 

whenever appropriate) with the capacity to participate in decisions related to their 

condition to the extent that they wish to do so; to become “co-managers” of their 

condition in partnership with health professionals; and to develop self-confidence, self-

esteem and coping skills to manage the physical, emotional and social impacts of illness 

in everyday life” (EMPATHiE, 2014). 

There have been also several efforts to define theoretical models for patient 

empowerment. More than 20 years ago, Saltman revised the conceptual components 

needed to be included in the health systems to actually empower patients (Saltman R, 

1994). More recently, Bravo et al. proposed a conceptual model of patient 

empowerment, based on a literature review and interviews with relevant stakeholders 

(Bravo et. al, 2015). The EMPATHiE project analysed different interventions in chronic 

disease programmes involving patient empowerment, and identified the elements that 

policy agenda should include to incorporate this concept: “focusing on better education 

of patients and public, improving education of healthcare professionals in holistic 

thinking and communication skills, specific restructuring of healthcare delivery, and a 
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central common electronic record accessible by patients and professionals” (EMPATHiE, 

2014). 

Patient empowerment is considered crucial for tackling chronic diseases, and it will be 

an essential element of future healthcare systems. 

 

As it has been presented in this chapter, ICT tools, and especially telemonitoring 

systems, can play an important role in the definition and provision of healthcare 

services for chronic disease patients and, particularly for heart failure patients. 

Technologies can create new opportunities for interaction, for management of 

problems, for detecting possible complicated situations, and for providing a better 

treatment and improving health outcomes in patients. Nevertheless, as it has been 

proved in some studies (e.g. WSD) the solely use of technology itself is not enough. The 

solution is not to provide the same current service by using technology (e.g. translating 

a doctor consultation at home), but there is a need to ideate new methods for health 

provision. 

Nonetheless, in spite of the advances in technology, the defined strategies in the 

healthcare domain, and different initiatives aimed to improve chronic care, the current 

services for heart failure disease management are still facing several difficulties. 

First of all, the majority of these services still rely on human interaction. This situation 

causes several important problems in terms of availability of services (usually restricted 

due to geographical barriers and lack of sufficient health care resources) and the 

opportunities for early detection of problems (e.g. the deterioration in clinical status 

usually occurs between visits, which are typically at 3-6 months intervals in conventional 

care). The lack of continuous monitoring has an effect on the accuracy of patient-

reported data (e.g. physiological signs, lifestyle and diet changes), and also prevents the 

engagement of patients in managing their problems. 

Many of these problems can be solved using a proper e-health infrastructure. However, 

as it was mentioned before, most of the available solutions, both in research and in the 

market, have still important limitations. On the other hand, there is no formal reference 

framework for defining healthcare services that could help to overcome the current 

problems and lead to actual improvements in the patients’ care. 

This thesis aims to address the described problems and limitations of the current 

healthcare services provided to heart failure patients. It will do it defining a theoretical 



INTRODUCTION 

 

18 AN ICT-BASED CLOSED-LOOP MODEL TO IMPROVE CARE FOR HEART FAILURE PATIENTS 

 

model that formalises the design and further development of enhanced healthcare 

services for these patients. The model will consider the following innovative aspects: 

 Services design based on the closed-loop paradigm. 

 The use of ICT as a basic component of the healthcare services. 

 Introduction of adequate and proper feedback mechanisms. 

 New strategies for care delivery focused on patient empowerment and 

personalization of care. 

 Tools for defining and implementing education and motivational strategies 

that enhance the health promotion and allow the patient empowerment.  

 Design of elements to enhance user experience and ensure the undertaking and 

use of the services. 
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This research work aims to explore new mechanisms to improve care for heart failure 

patients, addressing the main problems and challenges that the current services offered 

to these patients have nowadays. It proposes the use of new paradigms, like the closed-

loop concept and ICT tools, for defining a new model of provision of health care. 

Ultimately, the thesis aims to prove that health care services based on this ICT-based 

closed-loop model can improve the health status of heart failure patients, in terms of 

quality of life and wellbeing (psychological and physical condition). 

This chapter presents the research questions or hypotheses that have led to the 

realisation of this thesis. It also presents the specific objectives that have been defined 

to prove the stated hypotheses. 

 

The following hypotheses represent the basis to the elaboration of this research: 

1. It is possible to define a model based on a closed-loop paradigm and ICT tools 

that formalises the design of enhanced healthcare services for chronic heart 

failure patients. 

This thesis will define a model that will constitute the formal basis for the design of 

enhanced healthcare services for chronic heart failure patients. 

Based on two key elements, namely the closed-loop concept and the use of ICT tools, 

the model will allow the design and further implementation of new highly tailored and 

patient-centred health care services. The model will be grounded on the paradigms of 

personalised health (p-health), continuum of care, and health maintenance. 

2. The defined closed-loop model can be exemplified in a real service that supports 

the management of chronic heart failure disease. 

The theoretical model will be instantiated into a real service specifically tackling heart 

failure. The service will help heart failure patients to better manage their disease, and 

to maintain their health status as stable and longer as possible. Additionally, it will be 

the basis for designing and development a supporting IT system that will be used, in 

practice, as an instrument for validating the proposed model. 
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3. The introduction, adoption and use of a service based on the outlined model will 

result in improvements in the health status of patients suffering heart failure. 

The effectiveness of the model will be assessed through the validation of the 

implemented system, as an instance of the model, in a clinical study. The validation will 

prove that services based on the defined model lead to improvements in the health 

status of patients suffering heart failure. More specifically, aspects like the quality of 

life, wellbeing (psychological and physical condition), self-care, and knowledge level will 

be assessed. 

4. The user experience of patients when utilizing a system based on the defined 

closed-loop model will be enhanced. 

One specific objective of the validation will be to assess the impact of the ICT tools 

introduced in the model. This will be done evaluating the user experience, usability and 

acceptability of heart failure patients when utilising a service based on the defined 

model. 

 

 

In order to prove the previously presented hypotheses, this thesis has defined the 

following objectives: 

1. To define a model of healthcare services based on the closed-loop paradigm and 

ICT tools, specifically focused on heart failure disease management. 

The model to be defined will allow the definition of services especially designed to 

improve the care for heart failure patients. It will be based on the closed-loop concept 

and ICT tools, and it will address the most important challenges that health 

management services for heart failure diseases have nowadays (e.g. management of 

medication, lack of personalization and self-care aspects, education and motivation of 

patients, etc.). 

2. To instantiate the model into a real implementation, defining a service for heart 

failure management, that can be used as a basis for designing and developing a 

system that supports this outlined service in the real practice. 
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The ICT-based closed-loop model will be used to define a service for providing an 

enhanced and more personalised care to heart failure patients. This service will be used 

as a basis for designing and developing the IT system needed to support that service in 

practice. The IT system will be the instrument to be used in order to evaluate the 

effectiveness of the proposed model. 

3. To assess the effectiveness of the model through the validation of the 

implemented system in a clinical study. 

The defined closed-loop model will be evaluated in a clinical study, to be conducted in 

real clinical settings. The study will be designed to assess the effectiveness of the closed-

loop model the system (implemented through the IT system) in improving the care for 

heart failure patients. More specifically, the analysis will be focused on determining the 

effect that using the system has on certain parameters of patients suffering heart failure 

(e.g. quality of life, wellbeing - psychological and physical condition -, self-care, and 

knowledge level). 

The evaluation will be done using a novel methodology that will comprise qualitative 

and quantitative analyses of the data gathered during the study, which will include lab 

tests, physical examinations, and questionnaires. 

4. To evaluate the user experience aspects of the developed system with heart 

failure patients. 

An important part of the clinical study will be devoted to the evaluation of the particular 

aspects related with the user experience of heart failure patients when utilising the 

defined service. This evaluation will require the design of specific questionnaires that 

will be administered to the patients during the study at certain moments in time. The 

questionnaires will focus on evaluating usability aspects of the system, the patients’ 

opinion on some specific functionalities, and their level of satisfaction. 

5. To analyse and discuss the results of the validation, contrast them with the 

stated hypotheses, and derive conclusions and recommendations for future 

work in the area. 

All the results obtained during the validation will be analysed and discussed in detail, 

contrasting them with the hypotheses identified as the starting point of this research 
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work. The discussion will lead to the identification of the main conclusions and the 

potential areas of work for continuing the progress in the research line presented in this 

thesis. 
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The accomplishment of the various objectives set up in this thesis has required the use 

of different methodologies. 

The definition of the closed-loop model for health care support of heart failure patients 

has been based on the standard ISO/EN 13940 (CEN, 2007; ISO, 2012). The instantiation 

of the model into a real service and the design and development of the IT system that 

supports the defined service has been done using the user centred design methodology 

Goal Oriented Design. Finally, the validation of the model (implemented through the IT 

system) has been done within the framework of an observational clinical study, by 

means of a novel method involving quantitative and qualitative analyses. These 

analyses have required the use of instruments like the EQ-5D (EUROQOL, 1987), the 

Hospital Anxiety and Depression Scale (Zigmond&Snaith, 1983), the Kansas City 

Cardiomyopathy Questionnaire (KCCQ, 2004), the Dutch Heart Failure Knowledge Scale 

(van der Wal et al, 2005), and the European Heart Failure Self-care Behaviour Scale 

(Jaarsma et al, 2009)., as well as dedicated non-standardized user experience 

questionnaires. 

The following subsections describe in detail each of these methods utilised. 

 

The European Standard Health informatics - System of concepts to support continuity 

of care (ISO/EN 13940) defines the classes of concepts and their descriptive terms, 

regarding all processes of care, especially considering patient-centred continuity of 

care, shared care and seamless care. Continuity of care implies the management of 

health information from two different perspectives: a) local management of 

information about the subject of care, at the site of care provision; and b) information 

interchange between health care providers (CEN, 2007; ISO, 2012). 

The standard ISO/EN 13940 was first issued in 2001, and has had several versions ever 

since. In this thesis, three of these versions have been used as a basis for the definition 

of the closed-loop model: 

 ISO-13940: 2007, issued in two different parts: part 1) basic concepts (defined 

in ISO/EN 13940-1:2007) and part 2) core process and work flow in health care 

(defined in ISO/EN 13940-2:2010). 
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 ISO-13940: 2012. 

 Draft ISO-13940: 2015, not published yet at the time of writing this thesis 

(expected to be published by the end of 2015). The system of concepts and the 

terms defined in this European Standard are designed to support the 

management of health care related information over time and the delivery of 

care by different health care actors who are working together. This includes 

primary care professionals and teams, health care funding organisations, 

managers, patients, secondary and tertiary health care providers, and 

community care teams. This harmonised system of concepts is intended to be 

used to facilitate clinical and administrative decision making, and to enhance 

relationships between health care professionals and their patients. Additionally, 

this European Standard identifies and defines the processes that relate to the 

continuity of health care provided to human beings. It specifically addresses 

aspects of sharing subject of care related information needed in the process of 

health care. It also identifies and defines relevant data and information flows, 

together with their relationships to "time slots". 

More specifically, the standard ISO/EN 13940 addresses such topics as: 

1. Organisational principles of health care. 

2. Healthcare actors, health care parties, subjects of care, health care providers, 

provider organisations, health care professionals and third parties. 

3. Health issues and their management. 

4. Time-related concepts: contacts, encounters, episodes of care and periods of 

care. 

5. Concepts related to decision support, use of clinical knowledge, and activity: 

activities, protocols, programmes of care, care plans, care pathways. 

6. Concepts related to responsibility and information flows within the clinical 

process: health mandates and their notification. 

7. Concepts related to health data management. 

In order to establish a common conceptual framework for continuity of care across 

national, cultural and professional barriers, all the previous concepts are defined and 

their inter-relationships identified. The different concepts relevant in each area are 

described along with its attributes. These are complemented with a set of 

comprehensive UML diagrams, which provide a clear representation of the 

relationships between concepts, at an area and individual concept levels (CEN, 2007). 
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The following figure (Figure 3.1) shows the UML diagram of actors-related concepts as 

represented in the ISO/EN 13940-1:2012 (ISO, 2012). 

 

Figure 3.1: Example of comprehensive UML diagram in ISO 13940 

 

Goal Directed Design is a user-centred methodology developed by Alan Cooper that 

aims at designing and implementing products that fulfil different user’s needs and goals 

while satisfying business requirements (Cooper et al, 2014). 

In this methodology, user needs and goals are identified using a set of ethnographic 

techniques, interviews with stakeholders and comprehensive user models. These, 

combined with scenario-based design and a core set of interaction principles and 

patterns, make possible to obtain fully detailed design specifications. 

Goal Directed Design describes a six-phase process for designing and developing a 

product: Research, Modelling, Requirements, Framework, Refinement and Support. 

These phases follow the five activities in the interaction design model defined by 

Crampton Smith and Philip Tabor (understanding, abstracting, structuring, representing 
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and detailing) (Smith & Tabor, 1996). However, this methodology is distinguished for 

giving special importance to aspects like the user’s behaviour modelling and the system 

behaviours definition. 

The different phases of this methodology are described as follows: 

Research phase 

The Research phase focuses on categorizing the different modes of use of a potential or 

existing product. This is done identifying the set of behaviour patterns when that 

specific product is used by its users. 

To achieve this goal, qualitative data about potential and/or actual users of a product is 

gathered using ethnographic field study techniques (observation and contextual 

interviews). These comprise market research, technology state of the art and interviews 

with relevant stakeholders (i.e. manufacturers, subject matter experts and technology 

experts). 

Once the behaviour patterns are identified, the goals and motivations for use are 

derived and used to the creation of personas in the Modelling phase. 

Modelling phase 

This phase focuses on modelling the users of a product by means of defining personas 

and their goals.  

Personas are precise descriptive models or archetypes of what will be the real users of 

a product. They are constructed based on behaviour data, previously gathered from a 

wide number of actual users during the Research phase. Personas are represented as 

specific individuals, with their particular wishes and reasons for accomplishing them, 

intending to represent a class or type of user of a particular interactive product. 

Personas encapsulate a unique set of use patterns and behaviour patterns regarding 

the use of a particular product. 

Personas are defined by identifying a set of patterns during the interviews and the 

observation of actual and potential users of a product. Additional data can be added 

from other sources such as subject matter experts, project stakeholders and available 

publications. A well-developed persona comprises information about goals, attitudes, 

activity or workflow, environment, skills and frustrations. 

While personas provide the context for a set of observed behaviours, it is their 

objectives or goals what rules those behaviours. A goal is an expectation of a final 
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condition or situation, while tasks and activities are the mean for helping reaching a 

goal. In this sense, designers should use user’s goals to define the functionality of a 

product. This functionality and the behaviour of the product should fulfil user’s goals by 

means of tasks or activities. The main conceptual difference between this methodology 

and other usability engineering methodologies lies in the role of goals and 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, building them from observed 

behaviours, questionnaires, non-verbal cues and environmental clues. It is not practical 

to ask users directly about their goals. In most cases, they will find hard to express their 

objectives, their answers will be vague and even they may not be honest.  

Goals can be roughly divided into two categories: user goals, which are a primary 

priority in design, and non-user goals, strongly relevant in business environments. There 

are three types of user goals: 

 Vital goals 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 fulfil 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. 

 Final goals 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. 

 Experience goals are simple, universal and personal. They 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 fulfil 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. 

The non-user goals comprise 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. 

In a same way, there are different types of personas that can be 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 
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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 describes customer needs, not user needs. They are usually 

considered as secondary 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 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. 

Requirement phase  

The Requirement phase focuses on identifying the product’s requirements, comprising 

user aspects, as well as business and technical requirements. This is done using 

scenario-based design methodologies. Scenarios describe a method to solve design 

problems through concretization by developing a specific story to build and illustrate 

design solutions. Scenarios are quite concrete, but they also permit some freedom. The 

final objective of scenarios is to help developing an interface that minimizes necessary 

tasks while maintaining results. 

Within goal-oriented design methodology, scenarios serve the purpose of satisfying the 

goals and needs of specific persona users. 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. They help the designer to imagine 
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which tasks are really important and why. The content and the context of the scenario 

are derived from the information gathered during the Research phase and later 

analysed during the Modelling phase. This process involves a real-time behavioural and 

structural synthesis. 

Framework phase 

This phase is focused on defining the product Interaction Framework. This comprises 

the definition of input methods, views, functional and data elements, as well as a sketch 

of the interface. 

Two additional design methodologies are used here. 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 

behaviour 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. 

Refinement phase 

Once a solid and stable framework is achieved, the Refinement phase focuses on the 

description of the interactions in the key path scenarios and 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, colour, font, etc. The feel is related to the dynamic behaviour 

of the interface elements (e.g. the behaviour of a button after being pushed, the 

behaviour of menus, etc.).  

The outcome of this phase is detailed design documentation, a comprehensive 

specification of both form and behaviour. 
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The model defined in this thesis was later instantiated into a specific service supported 

by an IT system and evaluated in an observational clinical trial (with randomised 

components), within the context of HeartCycle project (see section 3.2.1) (HeartCycle 

project, 2008).  

This clinical trial was the environment or practical setting chosen for validating the 

closed-loop model defined in this thesis. Although the main objective of this clinical 

study had a medical nature and it is considered to be out of the scope of this research 

work, it also included some other objectives related with the work presented in this 

thesis. More specifically, within the context of the study, several actions were planned 

in order to investigate the effect that using a system based on the defined closed-loop 

model had on patients’ health status (in terms of aspects like quality of life, wellbeing, 

self-care, knowledge level). These actions included the selection of specific instruments 

(mainly in the form of questionnaires) and the definition of particular questionnaires 

devoted to validate these aspects.  

This section describes the different aspect of this clinical study that are relevant for the 

research work that is being presented. 

3.1.3.1 Clinical study overview 

The target population for the clinical trial were patients with a clinical diagnosis of heart 

failure who were at high risk of death or recurrent admission, but for whom medical 

therapy to improve outcome was appropriate. Patients to be enrolled would either have 

had a recent (<60 days) admission to hospital for symptoms or signs of heart failure 

(either new onset or recurrent) or be out patients with severe symptoms of heart failure 

despite treatment with diuretics. Patients were recruited from hospitals in Hull in the 

UK, Heidelberg in Germany, and Badalona in Spain. Table 3.1 summarizes the inclusion 

and exclusion criteria of the patients participating in the study, as defined by the 

medical experts. 

Table 3.1: Inclusion and exclusion criteria for the clinical study 

Inclusion 

criteria 

 

 

- Cause of heart failure might be for any reason other than those that are 

rapidly reversible (see exclusion criteria). 

- Might include patients with and without a low left ventricular ejection 

fraction or with valve disease. 
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Inclusion 

criteria 

- Requiring treatment with at least 40mg/day of furosemide or equivalent 

(1mg of bumetanide or 10mg of torasemide). 

- Evidence of advanced or unstable disease. 

o Admission to hospital for or complicated by heart failure currently 

or within the previous 60 days. It was expected that most patients 

would be recruited by this criterion.  

o Or out-patients with persistent NYHA III/IV symptoms. 

- An elevated NT-proBNP value (within the 3 months prior to enrolment). 

> 1,000pg/ml if in sinus rhythm, including atrio-biventricular pacing.  

 >2,000pg/ml if not in sinus rhythm. 

Exclusion 

criteria 

- Unwilling to comply with the protocol. Patients should be willing and able to 

make daily measurements at home throughout Protocol B.  

- Rapidly reversible causes of heart failure such as severe anaemia (defined as 

the need for a blood transfusion), thyrotoxicosis, admission with rapid 

(>120bpm) atrial fibrillation with good ventricular function.  

- Inability, in the investigators opinion, to operate or comply with the HTM 

system, even with available support from carers and health volunteers if 

available. Patients who were unable to communicate directly or indirectly in 

the local language (English in the UK, German in Germany and Spanish in 

Barcelona) could not participate.  

- People aged <18 years and vulnerable patient groups such as those with 

dementia, psychotic illness or educationally severely subnormal would be 

excluded.   

- There were no exclusion criteria based on heart rate, blood pressure, 

potassium or renal dysfunction but these factors might have modified the 

treatment targets.  

 

The clinical protocol defined for the study comprised four phases (Table 3.2). Each of 

these phases had a specific medical objective, as indicated in the table above. 

Table 3.2: Phases of the clinical study 

Phases Type of study Duration Medical objective 

Phase A Observational Up to 2 

months 

To support titration of life-saving 

medication safely and effectively to target 

doses. 
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Phases Type of study Duration Medical objective 

Phase B Randomised 1-2 months To reduce diuretic doses safely in patients 

whose symptoms are well controlled and to 

increase them appropriately in patients in 

whom symptoms are not well controlled. 

Phase C Observational 

but observer 

blinded 

2 months To determine how aspects of everyday life 

alter vital signs. 

Phase D Observational Up to 1 year Keep patients in the ideal range. 

 

For the purpose of this research work, these phases are important because they 

determined intermediate or exit points of the study where different types of data were 

gathered. 

The evaluation the closed-loop model followed a methodology specifically designed as 

part of this research work. It comprised two different types of analysis, a quantitative 

analysis and a qualitative one, as well as a comparison between them. These required 

the collection of two different types of data: 

 Quantitative or objective data were obtained mainly in lab tests or physical 

examinations. These included parameters as heart rate, weight, potassium, 

creatinine, NT-PROBNP, and weight. 

 Qualitative or subjective data were obtained using questionnaires. These 

comprised: wellbeing or health state (assessed with EQ-5Q), quality of life 

(assessed with KCCQ), anxiety and depression (evaluated with HADS), self-care 

(assessed with EHFScB), knowledge (evaluated with DHFKS), and user experience 

(assessed with tailored questionnaires). 

These parameters have been measured in different moments in time during the clinical 

study: at the beginning of the study (baseline), at the end of each phase (phases A, B, C, 

and D) and the end of the study (exit). The following table summarizes the gathered 

data in the different phases. 
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Table 3.3: Data collected in the different phases of the clinical study 

  Qualitative data Quantitative data 

 

 

Phase 

U
X

 

EQ
-5

D
 

K
C

C
Q

 

H
A

D
S 

D
H

FK
S 

EH
FS

cB
 

La
b

 t
e

st
s 

P
h

ys
ic

al
  

as
se

ss
m

e
n

t 

Baseline  X X X X X X X 

Phase A X X X X   X X 

Phase B X X X    X X 

Phase C X X X X   X X 

Phase D  X X    X X 

Exit  X X  X X X X 

3.1.3.2 Quantitative analysis methods 

The quantitative data analysis comprises the assessment of the parameters collected in 

the different phases of the clinical study as part of the lab tests and physical 

examinations. Its final aim was to determine the stability level of patients at a specific 

moment of time, as well as their health status evolution in time. 

The analysis has been done calculating two different indexes that have been defined 

specifically for this thesis: 

 Stability index: assessment of the health status of patients, in terms of stability 

of their health condition, at one particular moment in time. Possible values are 

stable, mostly stable, mostly non-stable and non-stable. 

 Health status evolution: comparison of the health status in two different 

moments in time to assess the progress of the patient’s health condition. 

Possible values are improvement and worsening. 

The determination of these indexes was based on the values of a set of parameters 

considered important for establishing if heart failure patients are stable or not (defined 

by Prof. Cleland in the clinical protocol for the study): heart rate, potassium levels, 

creatinine values, NT_proBNP, and weight (HeartCycle -D26.6b1, 2011). 

The complete procedure for calculating these indexes is described in Section 6: 

Validation and Discussion.  
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3.1.3.3 Qualitative analysis methods 

As it was mentioned above, several standard instruments were used to gather the data 

need to perform the qualitative analysis. 

Quality-Adjusted Life-Years (EQ-5D) 

EQ-5D™ is a standardised instrument and a trademark of the EuroQol Group, for use as 

a measure of health outcome (EUROQOL, 1987). 

The EuroQol Group comprises a network of international, multilingual, multidisciplinary 

researchers, originally from seven centres in England, Finland, the Netherlands, Norway 

and Sweden. It was established in 1987 with the objective test the feasibility of jointly 

developing a standardized non-disease specific instrument for describing and valuing 

health-related quality of life. The process of shared development, local experimentation 

and lively discussion resulted in EQ-5D, a measure generating a single index value for 

health status with considerable potential for use in health care evaluation. Although 

EQ-5D™ was initially developed simultaneously in Dutch, English, Finnish, Norwegian 

and Swedish, it has been translated into most major languages and it is now widely used 

in many countries around the world. 

EQ-5D™ is applicable to a wide range of health conditions and treatments, and it 

provides a simple descriptive profile and a single index value for health status. The 

instrument essentially consists of a questionnaire, cognitive simple and designed for 

self-completion by respondents, with two different parts: a) the EQ-5D descriptive 

system and, b) the EQ visual analogue scale (EQ VAS) (Figure 3.2).  
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Figure 3.2: Example of the EQ-5D descriptive system and the EQ visual analogue scale  

In the descriptive system respondents are asked to indicate their health state by 

selecting the most appropriate statement in each of five predefined dimensions (i.e. 

mobility, self-care, usual activities, pain/discomfort and anxiety/depression). The 

possible options for rating these vary from 3 to 5 possible levels, depending of the 

version of the instrument that it is used. In EQ-5D-3L (3 levels) the possible answers are: 

no problems, some problems, extreme problems; while in EQ-5D-5L (5 levels), the 

options are: no problems, slight problems, moderate problems, severe problems, and 

extreme problems. 

Moreover, for the EQ-5D-5L a unique health state is defined combining one level from 

each of the five dimensions. A total of 3125 possible health states are defined in this 

way. Each state is referred to in terms of a 5-digit code. For example, state 11111 

indicates no problems on any of the 5 dimensions, while state 12345 indicates no 

problems with mobility, slight problems with washing or dressing, moderate problems 
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with doing usual activities, severe pain or discomfort and extreme anxiety or depression 

(Oerman&Janssen, 2013). 

 

Figure 3.3: EQ-5D dimensions (EUROQOL, 1987) 

The EQ-5D instrument (5 levels version) has been used in the clinical study to assess the 

wellbeing level or health status of patients, both using the health state index, the five 

individual dimensions and the EQ VAS values. The complete questionnaire and scoring 

protocol are described in Annex A1. 

Kansas City Cardiomyopathy Questionnaire 

The Kansas City Cardiomyopathy Questionnaire (KCCQ) is the leading health-related 

quality-of-life measure for patients with congestive heart failure, developed and 

validated in the early 2000s by John Spertus, Director of Cardiovascular Education and 

Outcomes Research at the Mid America Heart Institute, and Professor of Medicine at 

the University of Missouri (KCCQ, 2004; MyHealthOutcomes, 2015). It is a reliable and 

predictive tool that allows tracking the status of patients (e.g. if they have weakened 

heart muscle due to prior heart attacks, heart valve problems, viral infections, or other 

causes).  

The Kansas City Cardiomyopathy Questionnaire (KCCQ) is a 23-item, self-administered 

instrument that quantifies symptoms (frequency, severity and recent change), social 

and physical functions, self-efficacy and knowledge, and quality of life in coronary artery 

disease and heart failure patients. 

The response options for the questions are Likert-type scales ranging from 1 to 5, 6 or 

7 points and the score on each domain can, in theory, range from 0 to 100, with 100 
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corresponding to the best state. The answers that patients give to the KCCQ’s questions 

are used to calculate scores in eight scales or aspects: 

 Physical Limitation: a measure of how much a patient’s condition is hampering 

his/her ability to do what he wants to do. 

 Symptom Stability: a measure of whether the patient’s symptoms are changing 

over time. 

 Symptom Frequency: a measure of how often a patient has symptoms. 

 Symptom Burden: a measure of what the impact of these symptoms are on the 

patient’s well-being. 

 Total Symptom: a combined measure of the symptom scales. 

 Social Limitation: a measure of how much a patient’s interpersonal relations 

are impacted by her condition. 

 Self-Efficacy: a measure of how well a patient can manage his/her care, find 

answers and help. 

 Quality of Life: a measure of the overall impact of a patient’s condition on a 

patient’s interpersonal relationships and state of mind. 

In addition, two summary scores are calculated: the clinical summary score is derived 

by summing the individual scores on the physical limitation and symptoms domains (i.e. 

total symptom score) with the change of symptoms over time excluded; and the overall 

summary score is derived by summing the clinical summary score and the quality of life 

and social interference scores. 

The KCCQ questionnaire has been used in the clinical study to assess the quality of life 

of patients in terms of the different aspects defined by the instrument (i.e. symptoms, 

social limitation, self-efficacy, and quality of life). The complete questionnaire (English 

version) and the scoring instructions are included in Annex A2. 

The Hospital Anxiety and Depression Scale (HADS) 

The Hospital Anxiety and Depression Scale (HADS) was developed by Zigmond and 

Snaith in 1983 as a method to identify cases (possible and probable) of anxiety disorders 

and depression among patients in non-psychiatric hospital clinics (Zigmond&Snaith, 

1983).   

HADS is a 14-item questionnaire that contains intermingled questions related to anxiety 

(Anxiety subscale or HADS-A) and depression (Depression subscale or HADS-D). Both 
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aspects can be evaluated separately while the total questionnaire provides an indication 

of the emotional distress. 

Figure 3.4: Example of question in HADS questionnaire 

The score for each subscale (anxiety and depression) can range from 0-21, with scores 

categorized as follows: normal (0-7), mild (8-10), moderate (11-14), severe (15-21). The 

scores for the entire scale (emotional distress) range from 0-42, with higher scores 

indicating more distress. 

To prevent interferences from somatic disorders on the scores, all symptoms of anxiety 

or depression related also to physical disorder, such as dizziness, headaches, insomnia, 

anergia and fatigue, are excluded from the questionnaire. Moreover, symptoms relating 

to serious mental disorders are also excluded, since such symptoms are less common in 

patients attending a non psychiatric hospital clinic.  

The HADS instrument has been used in the clinical study to assess anxiety, depression 

and emotional distress of patients. The instrument has been administered to patients 

at baseline, at the end of the study and after finalising phase A. The complete 

questionnaire and the scoring protocol are described in Annex A3. 

Dutch Heart Failure Knowledge Scale (DHFKS) 

The Dutch Heart Failure Knowledge Scale was developed to measure the knowledge of 

heart failure patients about their disease (van der Wal et al, 2005).  

It is a 15-item, self-administered questionnaire that covers items concerning heart 

failure knowledge in general, knowledge on heart failure treatment (including diet and 

fluid restriction), and heart failure symptoms and their recognition as follows: heart 

failure (3 questions), symptoms/symptom recognition (5 questions), misunderstandings 

about heart failure (3 questions), diet (2 questions), exercise (1 question) and 

medication (1 question). For each item, patients can choose from 3 options for the right 

answer, obtaining a total minimum score of 0 and a maximum score of 15 in the whole 

 Question Responses Points 

 

1 

 

(A)  I feel tense or ‘wound up’: 

Most of the time 

A lot of the time 

From time to time, 

occasionally 

Not at all 

3 

2 

1 

0 
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questionnaire. The scale is able to differentiate between heart failure patients with high 

and low level of knowledge about their disease.  

The Dutch Heart Failure Knowledge Scale was developed in 3 phases: (1) concept 

analysis and first construction (selecting items and develop a 15-item multiple choice 

questionnaire by ten expert heart failure nurses and two cardiologists), (2) revision of 

items (review of literature and existing knowledge scales; listing the most important 

subjects on which patients need knowledge - including important misunderstandings 

about heart failure and the therapeutic regimen); and (3) testing for validity and 

reliability.   

After validating it in several hospital settings (including 19 hospitals in the Netherlands 

initially) this instrument has proved to be a valid and reliable scale to be used in clinical 

practice to measure heart failure knowledge. 

In the clinical study a reduced version of this questionnaire has been used, including 

only the first 8 items of the original instrument. This questionnaire has been 

administered both at baseline and at the end of the study. The questionnaire and 

scoring instructions considered are included in Annex A4. 

European Heart Failure Self-care Behaviour Scale (EHFScB scale)  

The European Heart Failure Self-care Behaviour Scale (EHFScB scale) is a valid, reliable 

and user-friendly questionnaire to evaluate effectiveness of interventions on self-care 

behaviours of heart failure patients (Jaarsma et al, 2009). 

The EHFScB scale comprises several items to be rated on a 5-point Likert-scale between 

1 (I completely agree) and 5 (I completely disagree). It was first published in 2003 and 

currently there is a 12-item and a 9-item version of the scale.  

In the clinical study it has been used the 9-item version of this questionnaire, both at 

baseline and at the end of the study, to measure the perceived self-care behaviour of 

the participant patients. The questionnaire and scoring instructions considered are 

included in Annex A5. 

User experience questionnaires 

User Experience (UX) questionnaires allow users to perform a rapid evaluation of 

interactive products, in terms of usability, acceptance and satisfaction aspects. This type 

of questionnaires support users to immediately express their feelings, impressions, and 

attitudes that arise when they are utilising a product. 
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Although there are several standardized questionnaires, this thesis has used non-

standardized user experience questionnaires that have been specifically designed and 

tailored to the concrete system that has been analysed. These questionnaires aimed to 

assess the following aspects: (1) to measure the global acceptance of the system; (2) to 

evaluate the specific acceptance of the main functionalities of the system; (3) to gather 

user’s impressions, problems and remarks; and (4) to check if the system has some 

missing functionalities for the users 

To achieve this goal, three questionnaires have been scheduled during the clinical study: 

 At the end of Phase A, after patients had their first contact and experience with 

the system. 

 At the end of Phase B.2., after a period of time using the system. 

 At the end of the study, when patient exited from the clinical study. 

The specific questionnaires utilised are included in Annex A6. 
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The main materials used in this Thesis have been the following: 

 The resources and results derived from the research activities carried out within 

the HeartCycle European research project (HeartCycle project, 2008). 

 PHILIPS Motiva platform (Philips, 2010). 

 The Heart Manual (HeartManual, 2008). 

 Design and modelling tools. 

 

HeartCycle was a European research project that was focused on investigating the use 

of new telemonitoring technologies in the treatment of cardiovascular disease patients 

(heart failure and coronary artery disease). HeartCycle project had a duration of five 

and a half years (starting in 2008) and was funded by the European Commission Seventh 

Framework Programme under grant agreement n° FP7-216695. The project consortium, 

leaded by Philips, consisted of public and private partners from 18 research, academic, 

industrial and medical organizations from nine different European countries and China 

(HeartCycle project, 2008). 

HeartCycle project aimed to research, develop and clinically validate innovative 

solutions for the management of cardiovascular diseases. It was focused on chronically 

ill heart failure patients and patients who had suffered a heart attack.  

 

Figure 3.5: The HeartCycle telehealth approach 
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The project had an application oriented approach; its solutions were based on 

telehealth technologies, with the goal of remotely monitor and manage patients at 

home and motivate them to be compliant to treatment regimes and to a beneficial 

lifestyle. The approach intended to enable a shift from episodically care to continuous 

care (Figure 3.5) due to the more frequent (daily) follow-up on the patients’ health 

status. The final goals was to allow healthcare professionals to better control the 

progress of the therapy, detect upcoming adverse events early and react in time with 

personalised care plan adjustments, leading to stabilizing the patient and avoid costly 

hospitalisations. 

HeartCycle project was the framework used for instantiating the closed-loop model into 

a real case system, as well as for validating it in the previous mentioned clinical study, 

both in terms of human and material resources. 

 

Philips Motiva ® is an interactive healthcare platform that connects patients with 

chronic conditions (e.g. Chronic Heart Failure) to their healthcare providers via the 

home television and a broadband internet connection. Motiva automates disease 

management activities, and engages patients with personalized daily interactions and 

education delivered through the home television. The system enables healthcare 

providers to motivate behaviour change through user-friendly technology, helping 

them meet goals for improved patient compliance, telehealth program efficiency, and 

lower healthcare costs (Philips, 2010). 

 

Figure 3.6: Motiva Philips ® Functionalities 



  METHODS AND MATERIALS 

 

AN ICT-BASED CLOSED-LOOP MODEL TO IMPROVE CARE FOR HEART FAILURE PATIENTS 47 

 

In addition to automated vital signs monitoring, patients using this platform are 

supported with educational material delivered as videos, feedback about vital signs 

measurements, messages from caregivers to help encourage healthy lifestyle choices 

for diet and exercise, and health related surveys. 

All members of the care team can access Motiva’s clinical application to review the 

patient’s guidelines-based care plan defined at enrolment, trended survey responses, 

and vital sign measurements. A care manager can monitor the health status of many 

patients, and is alerted if vital parameters or survey responses indicate a need for 

follow-up. 

Philips Motiva ® was used as the basic platform for implementing the IT system that 

supports the provision of services to heart failure patients, as an instantiation of the 

closed-loop model (see section 5.2). This was done as a part of HeartCycle project. 

 

The Heart Manual is an individualised home-based, self-management programme for 

people with Coronary Artery Disease (CAD). It was developed by NHS Lothian, a 

department based at Astley Ainslie Hospital in Edinburgh, UK (HeartManual, 2008). 

The programme attends to the patient’s beliefs about the illness, and helps him/her to 

identify behaviours or lifestyle risks associated with these beliefs. Using different 

strategies, the patient is empowered to change these behaviours. The programme is 

facilitated by a health professional, through patient contact within the patient’s home, 

in the community, or via telephone. 

The Heart Manual is based on the following theoretical basis:  

 The biopsychosocial model (Engel, G. L., 1977): the programme acknowledges 

the involvement of psychological, environmental and biological factors in 

illness. 

 Leventhal’s ‘Self-Regulatory model of illness behaviour’ (Leventhal, H. et al., 

1980): the programme uses this theory to explain how people understand the 

concept of CAD (i.e. how they interpret the illness, beliefs about the cause, 

course, time line and cure, their emotional response, their coping procedure 

and their appraisal of the effectiveness of the coping procedure). 

 Beck’s Cognitive Theory of emotional disorders (Beck, A. T., 1976): to explain 

how anxiety and depression can develop and be maintained by maladaptive 

beliefs and distorted thinking, via cognitive behavioural therapy (CBT). The 
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cognitive behavioural model is used to challenge unhelpful beliefs and 

misconceptions regarding CAD via Socratic questioning, goal setting, pacing & 

desensitisation.  

 Motivational Interviewing (Rollnick et al, 2008): approach adopted by 

facilitators to empower patient in reducing risk factors. Patients autonomy is 

respected and self-efficacy increased. 

During the last years research has shown several benefits of using the Heart Manual 

(Lewin et al, 1992; Dalal et al, 2007; Jolly et al, 2007; Jolly, 2009) improved quality of 

life, improved psychological outcomes, reduction in unnecessary disability, reduced re-

admissions to hospital, reduced visits to the general practitioner, cost effectiveness. 

Additionally, it has been proved that the Heart Manual is as effective as hospital-based 

cardio rehabilitation (Dalal, 2010). 

The Heart Manual was used as a basis for defining the education and coaching strategy 

within the IT system that supports the provision of services to heart failure patients, as 

an instantiation of the closed-loop model (see section 5.2). This was as part of 

HeartCycle project. 

 

The different phases of this thesis (design, development and validation) involved the 

use of several tools as materials: 

 UML 2.0 was used as modelling language for defining the different elements in 

the closed-loop model.  

 UML Diagrammer® as a tool for modelling all the UML diagrams presented in 

this thesis. 

 Photoshop® and Microsoft Powerpoint® were used as graphical tools for 

designing the system. 

 Finally, Microsoft Excel® was used as the main tool for conducting the validation 

analysis. 
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The model defined as part of this PhD thesis provides a theoretical framework for the 

definition of ICT-based care services for heart failure patients. It intends to be a formal 

instrument that allows the design and further implementation of better and more 

efficient e-health services for these type of patients. Personalization, controlled and 

tailored feedback, and the use of ICT tools are fundamental aspects of the model. The 

following table (Table 4.1) shows how the model answers the 5W questions (and one 

H) providing an overview of its scope: 

Table 4.1: Model answers to the 5W questions 

Question Detailed Question Answer 

Who? Who are the actors 

participating in the 

model? 

Patients and cares. 

What? What is the goal of 

the model?  

To define a theoretical framework for the design and 

further implementation of e-health services that 

improve the care for heart failure patients.  

Where? Where is the model 

applied? 

The model covers activities with a ubiquitous 

approach, ensuring the continuity of care. Therefore, 

it is applied mainly at home, but also at the hospital 

or healthcare centres. Each of these settings includes 

different approaches, activities, tools and actors. 

When? When is it 

applicable? 

The models has been defined to be applicable when 

patients are diagnosed with heart failure and 

discharged from hospital. 

Why? Why is it needed? To improve the care for heart failure patients, in 

terms of quality of life, wellbeing (psychological and 

physical condition) and some others aspects like 

knowledge level or self-care behaviours. 

How? How does the model 

achieve its goals? 

The goals are achieved introducing elements like 

tailored feedback, enabled by the closed-loop 

paradigm and the use of technologies.  

The model comprises three main components:  

 CONCEPTS: a set of elements or components that are the basic pieces to 

compose more complex structures, like processes and workflows. 

 PROCESSES and WORKFLOWS: a series of actions toward a specific result that 

use the concepts as basic pieces or components. 

 SERVICES: as set of processes and workflows. 
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Services are the main component of the model. Although in a very generic way a 

service can be defined as the valuable actions, deeds or efforts to satisfy a need or 

fulfil a demand, in the health domain this definition has to be more specific. This 

model has adopted the definition of services provided by the WHO and, thus, 

healthcare services are considered to be all the actions dealing with the diagnosis, 

treatment of a disease, or the promotion, maintenance and restoration of health 

(WHO, 2015b). 

Services can be modelled as a set of processes and their respective workflows. In this 

model, a process is understood as a series of activities or steps performed in order to 

achieve a particular end. Workflows are the technical realization of a process, that is, 

the process in its execution level. They add details to the processes, like the actors 

involved, resources involved and the time sequence. 

Finally, both the processes and workflows need a set of elements or pieces (e.g. actors, 

inputs and outputs, resources, etc.) that have been defined as concepts. 

Therefore, the model ultimately describes healthcare services for heart failure patients, 

which are basically defined in terms of processes and workflows that are described 

using certain elements (like activities performed, involved actors, used resources, etc.). 

It is important to highlight that this model is focused on e-health services and it defines 

the different elements needed to provide an e-health service that is entirely, or mainly, 

based on ICT. This means that IT systems and ICT play a central role in the model, and 

they are considered essential to provide the service. The healthcare activities, processes 

or task that do not involve the use of ICT are considered to be out of the scope of this 

model. 

 

The set of concepts defined in this model are the ones needed to support the provision 

of healthcare services for heart failure patients based on ICT tools and using a closed-

loop approach. They constitute the basic components or elements of the model and 

have been directly derived from the International Standard ISO-13940 System of 

Concepts to Support Continuity of Care. As it is stated in its formal text, this standard 

aims to provide a comprehensive, conceptual basis for content and context in 

healthcare services. As part of this basis, it defines the generic concepts needed to 

achieve continuity of care. (CEN, 2007; ISO, 2012).  
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The standard focuses very much on the interaction between patients (i.e. subjects of 

care in the standard) and healthcare professionals, mainly in a clinical context, through 

the definition of clinical processes and workflows. Therefore, although the concepts 

included in it cover many of the aspects that this PhD thesis’ model aims to achieve, 

there are several important aspects that this International Standard does not 

contemplate: a) self-care and home based services; b) ICT tools as a resource, from a 

wide perspective not restricted to electronic health records; c) importance of 

automated activities, processes and workflows; and d) IT systems as particular type of 

actors, especially dealing with automated activities. All these aspects are key for 

modelling ICT-based closed-loop services, as it has been set in the main objectives of 

this research work. 

Consequently, the whole set of concepts included in the International Standard ISO 

13940 has been revised in terms of scope, definition of concepts, relationships between 

concepts and grouping under categories, in order to make sure that these four aspects 

were contemplated and included in the model. As a results of this revision, only a subset 

of concepts have been selected to be part of the model defined in this PhD thesis, 

selected based on their adequacy and applicability to the considered problem or 

scenario. In the majority of the cases, the concepts selected to be included in the model 

have been modified (slightly or substantially) with respect to the ones defined in the 

International Standard. These modifications have affected the definitions, or the 

relationships or associations with other concepts. Additionally, some new concepts 

have been also created, as they did not exist in the original standard and were necessary 

for defining the proposed model. Finally, the concepts defined in the standard that were 

not relevant for this approach have not been included in the model. 

During the realization of this thesis, three different versions of the International 

Standard ISO-13940 have been used: ISO-13040- 2007, the ISO-13040- 2012 and the 

draft ISO-13940: 20151. Initially, the 2007 year version was used to define the original 

set of concepts. At a later stage, once the 2012 version was released (ISO-13040- 2012), 

the whole set of concepts was revised and updated accordingly. This revision affected 

mainly to some concept names, some definitions and some relationships between 

concepts. Moreover, the concepts have been also revised against the last available draft 

version of the standard (draft ISO-13940: 2015), which is expected to be published by 

the end of 2015 (see Chapter 3 for further details). 

                                                        
1 By the time this thesis was finalised, this version of the standard was still in draft format. 
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In terms of categories (“clauses” in the standard), only five of the eight categories 

defined in the standard have been maintained in the model: 

 Actors 

 Health Issues 

 Healthcare Activities 

 Healthcare Planning 

 Tools and Resources 

 

These categories have been based on the ones defined in the standard with the 

exception of the fifth one that has been created specifically for this model. With respect 

to the International Standard, two of them have been completely eliminated (i.e. 

“concepts related to responsibility” or “time related concepts”), one of them 

transformed (i.e. “process related concepts”), and a new one has been created (i.e. 

“tools and resources”) partially based on an existing one (i.e. “health information data 

management”). 

However, even if the categories are the same, the group of concepts included under 

each category in the model does not correspond exactly with the ones contained in the 

“clauses” in the original standard. After a thorough revision, some of the concepts have 

been maintained, some of them have been moved to other category, and some of them 

have been excluded from the model. Additionally, whenever it was necessary, some 

new concepts have been created. 

Thus, all the categories have suffered changes in terms of the set of concepts that they 

include. The elimination of two categories, as well as some of the concepts originally 

included in the remaining ones, have caused changes in all the concepts that compose 

the model, mainly in the relationships with other concepts but, in some cases, also in 

the definitions. 

Finally, the model has introduced two additional changes compared to the International 

Standard: 

 Context of use: three different contexts of use are contemplated: clinical, home-

based self-care and automated. These affect the definition of activities, 

processes and workflows. 
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 Resources: the model is focused on ICT tools as a main resource. The rest of 

resources (i.e. personnel, medicines, material, and facilities) have been 

considered out of the scope of the model. 

 

Representation of concepts in the model 

As it is done in the International Standard, the concepts in the model are grouped in 

categories (“clauses” in the standard). The following sections present in detail each of 

the concept included in the model classified into the five categories or group of 

concepts considered (i.e. actors, health issues, healthcare activities, healthcare 

planning, and tools and resources). 

The description of the model’s concepts under each of these categories has been done 

using the same nomenclature and methodology applied in the standard (e.g. 

definitions, tables with descriptions or the relationships with other concepts, and 

diagrams representing the relationships between concepts based on UML conventions 

compliant with ISO/TR 24156:2008). In this sense, different types of UML diagrams are 

provided, attending to the level of detail (CEN, 2007; ISO, 2012): 

 Category level: a general and comprehensive diagram of each category, 

including all the concepts under the represented category and their 

relationships, and the links with some concepts in other categories (without 

specifying the relationships). 

 Concept level: a partial view for each concept including immediate relationships 

with other concepts (included or not in its category). 

In all cases, the diagrams and tables show only the direct relationships between 

concepts belonging to the model. The concepts’ attributes are not addressed in this 

model (as they are not addressed in the International Standard). Also, the concepts that 

are part of the International Standard but have not been selected to be part of the 

model, have not been represented at all. 

The nomenclature for representation has followed the similar criteria as the 

International Standard, however different colours have been used for representing the 

concepts in each category (instead of using just white and grey). The concepts that are 

not part of the model have not been represented at all. Table 4.2 shows the colour code 

used in the different categories. 
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Table 4.2: Colour code for representation of concepts in the UML diagrams 

Concept category Colour Graphical representation 

Actors Black 

 

Health Issues Pink 

 

Healthcare Activities Green 

 

Healthcare Planning Orange 

 

Tools and Resources Yellow 

 

Processes and Workflows Blue 

 

Services Purple 

  

 

Also, for the purpose of clarity, we have included some fields in the tables that describe 

each concept indicating if the concept described was included in the standard ISO 13940 

and the modifications done. Moreover, the new things added for this model (e.g. 

definitions, associations, generalizations, etc.) are highlighted in blue and italics font in 

the text, and with a blue star in the UML diagrams.  

Figure 4.1 presents a simplified overview of the different categories that compose the 

closed-loop model and their main relationships. In each category, only the main 

concepts have been represented. The following sections present in detail the set of 

concepts and relationships included in each of these categories. 
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Figure 4.1: Overview of concepts in the closed-loop model 
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Actors are considered as the agents participating in healthcare. They are typically 

healthcare providers, subjects of care (or patients) and IT systems.  

The following figure shows a general diagram of the concepts included under this 

category, as well as the relationships between them (Figure 4.2): 

 

 

Figure 4.2: Comprehensive UML diagram of the “actors” category 

 

Some of the concepts originally defined under this “actors” category in the International 

Standard have been excluded from this model as they were considered to be non-

relevant or out of scope for the purposes of the model. These include: healthcare 

personnel (and its generalizations), healthcare third party (and its generalizations), next 

of kin, subject of care proxy, and legal authorized proxy (and its generalizations). The 

original relationships between these excluded concepts and the ones that are part of 

these model have been removed as well.  
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4.1.1.1 Healthcare Actor 

Term healthcare actor 

Definition agent participating in healthcare (organization, person, or IT system) 
  

Included in ISO-

13940 
☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:      ☒ yes           ☐ no 

In associations:  ☒ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☒ yes           ☐ no  

The definition of this concept has been changed to include a new 

subordinated concept, healthcare IT system. Also one subordinate 

concept has been excluded (healthcare third party). 

The relationships with the concepts under the categories 

“responsibility” and “health information management” have been 

excluded as they are out of the scope of this model. Also, some 

relationships with concepts in the “health issues” category that are not 

part of this model have not been included (e.g. association with health 

issue thread). 
 

Healthcare Actor is a superordinate concept. Therefore, in practice, it can only be used 

selecting one of its subordinate concepts: healthcare provider (i.e. healthcare organization 

and healthcare professional), subject of care and also healthcare IT system. 

In the case of healthcare organizations, the involvement of the healthcare actor can be either 

direct (for example the actual provision of care), or indirect (for example at organizational 

level). 
 

Specialization of: Generalization of: 

 healthcare provider 

 subject of care 

 healthcare IT system 
 

Association from Association name Association to 

1 healthcare actor identifies or states 0..1 health condition 

1 healthcare actor makes decisions assisted by 0..* clinical guideline 

1 healthcare actor applies 0..* care plan 

1..* healthcare actor perceives 0..* perceived condition 

1..* healthcare actor describes 0..* possible health condition 

1 healthcare actor is responsible for 0..* electronic healthcare 

resource 
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UML class diagram 
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4.1.1.2 Subject of Care 

Term subject of care 

Definition person seeking to receive, receiving, or having received healthcare 
  

Included in ISO-

13940 
☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☒ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

The relationships with the concepts under the categories “responsibility” 

and “time-related” have been excluded as they are out of the scope of 

this model. Also, some relationships with concepts within the “actors” 

category that are not part of this model have not been included (e.g. 

association with next of kin). 
 

In this model (as it was defined in the International Standard ISO-13940), the subject of care 

is definitely restricted to an individual person. It is assumed that in those cases where a 

healthcare activity addresses a group of more than one individual (e.g. a family, a community) 

and where a single health record is used to capture the healthcare activities provided to the 

group, each individual within the group will be referenced explicitly within that health record. 

In the real world, a subject of care may be designated by different professions using different 

names, for instance 'a patient', 'a client', ‘a service user’, etc. 
 

Specialization of: Generalization of: 

healthcare actor  
 

Association from Association name Association to 

1 subject of care has 1 health state 

1 subject of care performs 0..* health self-care activity 

1 subject of care maintains 0..* personal health record 
 

1..* healthcare process is performed in benefit 

of 

1 subject of care 

1..* healthcare activity is performed for 1 subject of care 

1..* health condition concerns 1 subject of care 

1..* electronic health 

record 

concerns 1  subject of care 

 

  



THE CLOSED-LOOP MODEL 

 

62 AN ICT-BASED CLOSED-LOOP MODEL TO IMPROVE CARE FOR HEART FAILURE PATIENTS 

 

 

UML class diagram 
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4.1.1.3 Healthcare Provider 

Term healthcare provider 

Definition healthcare actor participating in the direct provision of healthcare 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☒ excluded  ☐ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

The relationships with the concepts under the categories 

“responsibility”, “time-related” and “health information 

management” have been excluded as they are out of the scope of 

this model.  
 

This model (as the International Standard ISO-13940) includes only two specializations of 

healthcare provider: healthcare organization and healthcare professional. The organizations 

solely responsible for the funding, payment, or reimbursement of healthcare provision are 

not healthcare providers. 

The personnel of healthcare organizations may include both healthcare professionals and 

others, which participate in the provision of healthcare. 
 

Specialization of: Generalization of: 

healthcare actor healthcare organization 

 healthcare professional 
 

Association from Association name Association to 

1..* healthcare provider performs 1..* healthcare provider activity 

1 healthcare provider is responsible for 0..* electronic health record 
 

UML class diagram 
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4.1.1.4 Healthcare Organisation 

Term healthcare organization 

Definition organization whose healthcare personnel participate in the direct 

provision of healthcare 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☒ excluded  ☐ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

The definition of this concept has not been changed from the 

original one included in the International Standard. However, the 

associations have been simplified as some of the original 

relationships with other concepts under the categories of “actors” 

(e.g. healthcare personnel) “time-related” (e.g. healthcare quality 

management) and “healthcare planning” (e.g. standardized care 

plan template) do not apply as these concepts are not part of the 

model.  
 

Effectively, a healthcare organization relies on the activity performed by healthcare 

personnel, whether employed, contracting, or with temporary informal though functional 

relationships between them: within healthcare organizations, the leads will be healthcare 

professionals. A healthcare team working together (e.g. a specific type of clinical process with 

participants from different departments) is also a kind of healthcare organization. A free-

standing self-employed solo practicing healthcare professional shall be considered as the only 

member of his/her own healthcare organization. 
 

Specialization of: Generalization of: 

healthcare provider  
 

UML class diagram 
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4.1.1.5 Healthcare Professional 

Term healthcare professional 

Definition healthcare personnel having a healthcare professional entitlement 

recognized in a given jurisdiction 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:        ☐ yes           ☒ no 

In associations:  ☒ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

The relationships with the concepts under the categories 

“responsibility”, “time-related” and “health information 

management” have been excluded, as they are out of the scope of 

this model. Also, some relationships with concepts within the 

“actors” category that are not part of this model have not been 

included (e.g. specialization of healthcare personnel). 
 

Specialization of: Generalization of: 

healthcare provider  
 

Association from Association 

name 

Association to 

1..* healthcare professional maintains 0..* electronic health record 

1..* healthcare professional identifies 0..* prognostic condition 

1 healthcare professional performs 0..* healthcare professional 

activity 
 

0..* assessed condition is assessed by 1 healthcare professional 

0..* prescribed self-care 

activity 

is prescribed by 1 healthcare professional 

 

UML class diagram 
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4.1.1.6 Healthcare IT system 

Term healthcare IT system 

Definition information system, with the capability to interact with other 

healthcare actors, involved in the provision of healthcare 

activities 
  

Included in ISO-13940 ☐ yes      ☒ no Modified ☐ yes      ☐ no 

Modifications In definition:        ☒ yes          ☐ no 

In associations:  ☐ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☒ yes           ☐ no 

This is a new concept added to the model partially based on the 

“healthcare device” one included in the ISO-13940: 2007 version 
 

The devices or equipment that cannot interact with other healthcare actors and perform 

automated activities on their own are considered healthcare electronic resources and are 

not included under the definition of this concept. 

The healthcare IT systems defined in this model can be involved in all type of healthcare 

activities (clinical, automated and self-care activities).  
 

Specialization of: Generalization of: 

healthcare actor subject of care IT system 

 health professional IT system 
 

Association from Association name Association to 

1 healthcare IT system performs 0..* healthcare automated activity 
 

UML class diagram 
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The category “health issues” is understood in the model as the set of concepts that 

defines the state, condition and situation of a person (subject of care or user) in terms 

of health. 

The International Standard ISO-19340 defines “health issue” as a concept within this 

category. However, in this model, that term is not used and the terms “health condition” 

and “health state” have been preferred instead as the main element under this category. 

The “health condition” and the “health state” are the input and output of activities, 

processes and workflows.  

The following figure shows a general diagram of the concepts included under this 

category, as well as the relationships between them (Figure 4.3): 

 

Figure 4.3: Comprehensive UML diagram of the “health issues” category 
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Some of the concepts originally defined under this “health issues” category in the 

International Standard have been excluded from this model as they are considered to 

be non-relevant or out of scope for the purposes of the model. These include: 

considered condition and health issue thread (and its generalizations). The original 

relationships between these excluded concepts and the ones that are part of these 

model have been removed as well. 

4.1.2.1 Health state 

Term health state 

Definition physical and mental functions, body structure, personal factors, 

activity, participation and environmental aspects as the composite 

health of a subject of care 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:        ☐ yes          ☒ no 

In associations:  ☐ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

The original standard considers “input health state” and “output 

health state” as subordinate concepts for this one. These 

dependencies have been simplified in the model and only one 

concept (health state) has been considered. Thus, the relationships 

have been all merged into this unique concept. 
 

This definition of health state is based on the concept of “health” given by the ICF (the 

International Classification of Functioning, Disability and Health) of the WHO. ICF identifies 

five health components; body function, body structure, activity, participation, and 

environmental factors. 
 

Association from Association name Association to 

1 health state is observed as 0..* health condition 

0..1 health state is input to 1 healthcare process 
 

0..* healthcare treatment is influencing 1 health state 

1 subject of care has 1 health state 

0..* health objective contributes to 1 health state 

1 healthcare process has output 0..1 health state 
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UML class diagram 
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4.1.2.2 Health condition 

Although the standard ISO-139040 defines the concept health issue as the 

superordinate concept of health condition, for the purpose of this model we have 

consider just the later. 

Term health condition 

Definition one or more existing or possible observable or perceivable aspects 

of the health state of a subject of care at a given time 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:        ☐ yes          ☒ no 

In associations:  ☒ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

The relationships with the concepts that are not part of the model 

have been excluded, as they are out of the scope of this model 

(some concepts under the categories “time-related” and 

“healthcare activities”).  
 

A health condition is a specific perception of a health state. A health state may possibly give 

way to more than one perception, resulting in more than one health condition. The underlying 

health state is nevertheless present even if not perceived by an observer (e.g. the subject of 

care having a disease before it gives symptoms). 

In the perspective of healthcare, the term health condition is often used to label a bad 

condition (diseases, disorders, injuries, etc.), because it may motivate certain healthcare 

activities. A diagnosis is a way to describe certain types of health conditions. 
 

Specialization of: Generalization of: 

 perceived health condition 

 possible health condition 
 

Association from Association name Association to 

1..* health condition is addressed by 0..* healthcare activity  

1..* health condition concerns 1 subject of care 
 

1 health state is observed as 0..* health condition 

0..* clinical pathway addresses 1..* health condition 

0..* clinical guideline is centred on 1..* health condition 

0..* care plan addresses 1..* health condition 

1 healthcare actor identifies or states 0..* health condition 
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UML class diagram 
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4.1.2.3 Perceived condition 

Term perceived condition 

Definition health condition perceived by a healthcare actor 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:        ☐ yes          ☒ no 

In associations:  ☒ excluded  ☐ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

The relationship with the concept “considered condition” (under 

“health issues” category) has been excluded, as this concept is not 

considered relevant for the model.  
 

Perceived conditions are descriptive and based on observations. The description is often 

based on interpretations and assessments. 

Healthcare professionals and subjects of care are examples of healthcare actors that can 

perceive the observed aspect of a health state. A medical device can observe but only human 

actors can perceive aspects of a health state. A perceived condition can always be related to 

the human actor who has perceived the observed aspect of a health state. 
 

Specialization of: Generalization of: 

health condition assessed condition 
 

Association from Association name Association to 

1..* healthcare actor perceives 0..* perceived condition 
 

UML class diagram 
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4.1.2.4 Assessed condition 

Term assessed condition 

Definition perceived condition assessed by a healthcare professional 

concerning the genesis and/or the prognosis of the condition 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☐ yes      ☒ no 

Modifications In definition:        ☐ yes          ☒ no 

In associations:  ☐ excluded  ☐ added new ones   ☒ no changes 

Other:                  ☐ yes           ☒ no 

This concept has not been modified with respect to the original 

International Standard. 
 

Specialization of: Generalization of: 

perceived condition  
 

Association from Association name Association to 

0..* prognostic condition is based on 1..* assessed condition 

0..* assessed condition is assessed by 1 healthcare professional 
 

UML class diagram 
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4.1.2.5 Possible health condition 

Term possible health condition 

Definition possible future or current health condition described by a 

healthcare actor 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:        ☐ yes          ☒ no 

In associations:  ☐ excluded  ☐ added new ones   ☒ no changes 

Other:                  ☒ yes           ☐ no 

The generalization of this concept as “considered condition” (under 

“health issues” category) has been excluded, as this concept is not 

considered relevant for the model. 
 

NOTE 1 A possible health condition is not yet perceived, but represents an imagined, possible 

observation of a current or future health state. 

NOTE 2 A possible health condition can only be fully supported through the use of one of its 

specializations. 
 

Specialization of: Generalization of: 

health condition prognostic condition 

 target condition 

 risk condition 
 

Association from Association name Association to 

1..* healthcare actor describes 0..* possible health condition 
 

UML class diagram 
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4.1.2.6 Target condition 

Term target condition 

Definition possible health condition representing health objectives and/or 

healthcare goals 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:        ☐ yes          ☒ no 

In associations:  ☒ excluded  ☐ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

The relationship with the concept “clinical process outcome 

evaluation” (under “healthcare activities” category) has been 

excluded, as this later concept is not considered relevant for the 

model and has not been included in it.  
 

NOTE Assessment of needs for healthcare activities includes identification of health 

objectives and/or healthcare goals. These inform decisions about relevant activities to create 

or update the care plan. 
 

Specialization of: Generalization of: 

possible health condition  
 

Association from Association name Association to 

0..* target condition represents 0..* health objective 

0..* target condition represents 0..* healthcare goal 
 

UML class diagram 
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4.1.2.7 Prognostic condition 

Term prognostic condition 

Definition possible health condition representing the anticipated course of a 

health state assessed by healthcare professionals 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☐ yes      ☒ no 

Modifications In definition:        ☐ yes          ☒ no 

In associations:  ☐ excluded  ☐ added new ones   ☒ no changes 

Other:                  ☐ yes           ☒ no 

This concept has not been modified with respect to the original 

International Standard. 
 

Specialization of: Generalization of: 

possible health condition  
 

Association from Association name Association to 

0..* prognostic condition is based on 1..* assessed condition 
 

1..* healthcare professional identifies 0..* prognostic condition 
 

UML class diagram 
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4.1.2.8 Risk condition 

Term risk condition 

Definition possible health condition representing an undesirable future health 

state 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☐ yes      ☒ no 

Modifications In definition:        ☐ yes          ☒ no 

In associations:  ☐ excluded  ☐ added new ones   ☒ no changes 

Other:                  ☐ yes           ☒ no 

This concept has not been modified with respect to the original 

International Standard. 
 

Specialization of: Generalization of: 

possible health condition  
 

UML class diagram 
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4.1.2.9 Health objective 

The standard ISO-139040 defines the concept health objective as “the desired ultimate 

achievement of a healthcare process, as specified in a care plan”. 

In the defined model, the input and output of the healthcare processes are the health 

state. Therefore, although this is not considered in the original standard, the health 

objective are defined in this model as a concept directly associated with the health state 

one. 

Term health objective 

Definition a health objective is a specific goal for changing (usually improving) 

the health state of the subject of care (in terms of body function, 

body structure, activity, participation, and environmental factors) 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☒ yes           ☐ no 

In associations:  ☐ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☒ yes           ☐ no 

This concept has been changed completely, both in the definition 

and the category to which it belongs (in the International Standard 

it is under the healthcare planning one). 
 

Association from Association name Association to 

0..* health objective contributes to 1 health state 
 

1..* healthcare goal contributes to the achievement of 1..* health objective 

0..* target condition addresses 0..* health objective 

1..* care plan targets 1..* health objective 
 

UML class diagram 
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4.1.2.10 Healthcare goal 

Term healthcare goal 

Definition intermediate operational step to reach a specific health objective 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☒ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☒ yes           ☐ no 

This concept has been moved to a different category (in the 

International Standard it is under the healthcare planning one).  

The relationship with the concept “health approach” (under “time-

related” category) has been excluded, as this later concept is not 

included in the model. 
 

Association from Association name  Association to 

1..* healthcare goal contributes to achievement of 1..* health objective 
 

1..* healthcare activity targets 1..* healthcare goal 

1..* care plan targets 1..* healthcare goal 

0..* target condition addresses 0..* healthcare goal 
 

UML class diagram 
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The category “healthcare activities” comprises all the activities performed for a subject 

of care with the intention of directly or indirectly improving or maintaining his/her 

health state. 

The model defines three main types of healthcare activities, corresponding to the three 

considered concepts: 

 Clinical activities, performed in clinical settings and involving healthcare 

professionals and healthcare systems. They may use electronic resources (e.g. 

medical devices, electronic health records, etc.).  

 Self-care activities, home-based focused on self-care tasks and performed, 

mainly, by the subject of care as main actor along with the healthcare system. 

They may use electronic resources (e.g. medical device, personal health records, 

etc.). 

 Automated activities, performed automatically by a healthcare system, both at 

home or at the hospital setting.  

Additionally, a set of concepts that are considered generalizations of these healthcare 

activities have been defined: healthcare assessment, healthcare treatment, and 

healthcare evaluation. These concepts are considered in the standard ISO13940 as 

components of the healthcare activities, and not as healthcare activities themselves. 

Some of the concepts originally defined under this “healthcare activities” category in 

the International Standard have been excluded from this model as they are considered 

to be non-relevant or out of scope for the its purpose. These include some specific 

healthcare activities (healthcare investigation, healthcare activity management, 

healthcare evaluation), need assessment (and its generalizations), healthcare 

contributing activity (and its generalizations), and healthcare activity directory. The 

original relationships between these excluded concepts and the ones that are part of 

these model have been removed as well. 

The following figure shows a general diagram of the concepts included under this 

category and the relationships between them (Figure 4.4): 
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Figure 4.4: Comprehensive UML diagram of “healthcare activities” category 
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4.1.3.1 Healthcare activity 

Term healthcare activity 

Definition activity performed for a subject of care with the intention of directly 

or indirectly improving or maintaining the health state of that 

subject of care 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☒ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

The relationships with the concepts under the categories 

“responsibility” and “time-related” have been excluded as they are 

out of the scope of this model. Also, some relationships with 

concepts within the “healthcare activity” category that are not part 

of this model have not been included (e.g. healthcare activity 

management). 
 

Healthcare Activity is a superordinate concept. Therefore, in practice, it can only be used 

selecting one of its subordinate concepts: healthcare provider activity, self-care activity, and 

health automated activity. 
 

Specialization of: Generalization of: 

 healthcare provider activity 

 self-care activity 

 health automated activity 
 

Component of: Aggregation of: 

0..* healthcare activity 0..* healthcare activity 

0..* care plan 0..* healthcare treatment 

0..1 healthcare process 0..* healthcare assessment 
 

Association from Association name  Association to 

1..* healthcare activity is performed for 1 subject of care 

1..* healthcare activity targets 1..* healthcare goal 

1..* healthcare activity is recorded in 0..* electronic health record 

0..1 healthcare activity addresses 1..* health condition 
 

0..* electronic health record is accessed during 1..* healthcare activity 
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UML class diagram 
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4.1.3.2 Healthcare provider activity 

Term healthcare provider activity 

Definition healthcare activity performed by a healthcare provider 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☒ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

The relationships with the concepts under the categories 

“responsibility” and “health information management” have been 

excluded as they are out of the scope of this model. Also, some 

relationships with concepts within the “healthcare activity” 

category that are not part of this model have not been included 

(e.g. healthcare activity directory). 
 

When the healthcare provider is a healthcare organization, the activities are performed by 

the healthcare personnel of that healthcare organization. Healthcare provider activities are 

usually performed in clinical settings. 
 

Specialization of: Generalization of: 

healthcare activity  
 

Association from Association name  Association to 

0..* healthcare provider 

activity 

addresses 1..* health condition 

 

1..* healthcare provider performs 1..* healthcare provider activity 
 

UML class diagram 
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4.1.3.3 Self-care activity 

Term self-care activity 

Definition healthcare activity performed by a subject of care for their own 

sake 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☒ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☒ yes           ☐ no 

The relationship with the concept “non ratified clinical data” (under 

“health information management” category) has been excluded, as 

this later concept is not part of the model.  
 

Self-care activities can be either prescribed or not prescribed by a healthcare professional. 
 

Specialization of: Generalization of: 

healthcare activity prescribed self-care activities 

 non-prescribed self-care activities 
 

Association from Association name  Association to 

0..* health self-care activity addresses 1..* health condition 
 

1 subject of care performs 0..* health self-care activity 
 

UML class diagram 
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4.1.3.4 Prescribed self-care activity 

Term prescribed self-care activity 

Definition health self-care activity prescribed by a healthcare professional 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☐ yes      ☒ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☐ excluded  ☐ added new ones   ☒ no changes 

Other:                  ☐ yes           ☒ no 

This concept has not been modified with respect to the original 

International Standard. 
 

Specialization of: Generalization of: 

health self-care activity  
 

Association from Association name  Association to 

0..* prescribed self-care activity is prescribed by 1 healthcare professional 
 

UML class diagram 
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4.1.3.5 Non-prescribed self-care activity 

Term non-prescribed self-care activity 

Definition health self-care activity non-prescribed by a healthcare professional 
  

Included in ISO-13940 ☐ yes      ☒ no Modified ☐ yes      ☐ no 

Modifications In definition:       ☒ yes           ☐ no 

In associations:  ☐ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☒ yes           ☐ no 

This is a new concept defined for this model, it is not included in the 

original International Standard. It includes a set of activities that a 

subject of care can perform and can be essential in some specific 

type of services within a closed-loop.  
 

Specialization of: Generalization of: 

self-care activity  
 

Association from Association name Association to 

1 subject of care performs 0..* non-prescribed self-care activity 
 

UML class diagram 
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4.1.3.6 Healthcare automated activity 

Term healthcare automated activity 

Definition healthcare activity initiated and performed automatically by a 

healthcare IT system 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☒ yes           ☐ no 

In associations:  ☒ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

Although the concept “healthcare automated activity” is included 

in the International Standard, it is not considers as a subordinate 

concept of healthcare activity, as it has been done in the model. 

This modifications has led to some changes in the relationships with 

other concepts within the same category, mainly with the “health 

activity” one.  
 

Specialization of: Generalization of: 

healthcare activity feedback activity 
 

Association from Association name  Association to 

0..* healthcare automated 

activity 

addresses 1..* health condition 

 

1 healthcare IT system performs 0..* healthcare automated activity 
 

UML class diagram 
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4.1.3.7 Healthcare assessment 

Term healthcare assessment 

Definition healthcare activity focused on creating an opinion related to a 

health condition, based on knowledge and information 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☐ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☒ yes           ☐ no 

“Healthcare assessment” is considered in the original standard as a 

component of a healthcare activity. In this model this concept has 

been defined as a generalization of a “healthcare activity”. 
 

Specialization of: Generalization of: 

healthcare activity  
 

Association from Association name Association to 

0..* healthcare assessment addresses 1..* health condition 

1..* healthcare professional performs 1..* healthcare assessment 
 

UML class diagram 
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4.1.3.8 Healthcare treatment 

Term healthcare treatment 

Definition healthcare activity that intend to influence the health state from a 

therapeutic prospective 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☐ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☒ yes           ☐ no 

“Healthcare treatment” is considered in the original standard as a 

component of a healthcare activity. In this model this concept has 

been defined as a generalization of a “healthcare activity”. 
 

Healthcare treatment includes all types of activities that intend to influence the health state 

including (e.g. rehabilitation, palliative care, education of subjects of care, caring, etc. 
 

Specialization of: Generalization of: 

healthcare activity  
 

Association from Association name Association to 

0..* healthcare treatment is influencing 1 health state 
 

1..* healthcare professional performs 1..* healthcare assessment 
 

UML class diagram 
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4.1.3.9 Feedback activity 

Term feedback activity 

Definition healthcare automated activity focused on providing feedback to 

healthcare actors 
  

Included in ISO-13940 ☐ yes      ☒ no Modified ☐ yes      ☐ no 

Modifications In definition:       ☒ yes           ☐ no 

In associations:  ☐ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☒ yes           ☐ no 

This concept has been defined to cover one of the main 

characteristics of the closed-loop systems: the feedback 
 

Specialization of: Generalization of: 

healthcare automated activity  
 

UML class diagram 
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The “healthcare planning” category includes the concepts related to the use of clinical 

knowledge and decision support. It mainly comprises the clinical guidelines, care plans 

and clinical pathways. 

The following figure shows a general diagram of the concepts included under this 

category as their relationships between them (Figure 1 1): 

 

Figure 4.5: Comprehensive UML diagram of the “healthcare planning” category 

Some of the concepts originally defined under this “health planning” category in the 

International Standard have been excluded from this model as they are considered to 

be non-relevant or out of scope for the purposes of the model. These include: 

standardized care plan template, uniprofessional care plan and healthcare activities 

bundle. The original relationships between these excluded concepts and the ones that 

are part of these model have been removed as well. Additionally, two other concept, 

healthcare objective and healthcare goal, have been moved to another category (health 

issues).  



  THE CLOSED-LOOP MODEL 

 

AN ICT-BASED CLOSED-LOOP MODEL TO IMPROVE CARE FOR HEART FAILURE PATIENTS 93 

 

4.1.4.1 Clinical guideline 

Term clinical guideline 

Definition set of systematically developed statements to assist the decisions 

made by healthcare actors about healthcare activities to be 

performed with regard to health conditions in specified clinical 

circumstances 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☒ yes           ☐ no 

In associations:  ☒ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

Some relationships with concepts within the “healthcare planning” 

or “healthcare activities” categories that are not part of this model 

have not been included (e.g. standardized care plan template or 

healthcare planning). 
 

Clinical guidelines are usually rather generic and they concern no actual subject of care in 

particular. While they generally reflect a broad statement of good practice, they may 

sometimes include multiple operational details. 

Clinical guidelines should be structured and contain standard criteria and indicators for 

measurement. 
 

Specialization of: Generalization of: 

 protocol 
 

Association from Association name       Association to 

0..* clinical guideline is centred on 1..* health condition 
 

0..* healthcare actor makes decisions assisted by 0..* clinical guideline 

0..* care plan complies with 0..* clinical guideline 

0..* clinical pathway refers to 1..* clinical guideline 
 

UML class diagram 
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4.1.4.2 Protocol 

Term protocol 

Definition clinical guideline customized for operational use 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☐ yes      ☒ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☐ excluded  ☐ added new ones   ☒ no changes 

Other:                  ☐ yes           ☒ no 

This concept has not been modified with respect to the original 

International Standard. 
 

A protocol is more precise than a clinical guideline. Protocols are often presented in a formal 

manner with respect to the expected behaviours and roles of healthcare parties. 
 

Specialization of: Generalization of: 

clinical guideline  
 

Association from Association name Association to 

1..* care plan implements 0..* protocol 
 

UML class diagram 
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4.1.4.3 Care Plan 

Term care plan 

Definition dynamic personalized plan, including identified needed healthcare 

activities, healthcare objectives and healthcare goals, relating to 

one or more specified health conditions in a healthcare process 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☒ yes           ☐ no 

In associations:  ☒ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

The relationships with the concepts under the category “time-

related” have been excluded as they are out of the scope of this 

model. Also, some relationships with concepts within the 

“healthcare planning” category that are not part of this model have 

not been included (e.g. standardized care plan template). 
 

Component of: Aggregation of: 

  0..* care plan 

  1..* healthcare activity 
 

Association from Association name Association to 

0..* care plan complies with 0..* clinical guideline 

0..* care plan implements 0..* protocol 

0..* care plan addresses 1..* health condition 

1 care plan targets 1..* health objective 

1..* care plan targets 1..* healthcare goal 

0..* care plan is result of 1..* healthcare planning 

0..* care plan is recorded in 1..* electronic health record 
 

1..* healthcare actor applies 0..* care plan 

0..* healthcare workflow schedules activities in 1 care plan 

0..* healthcare process is planned in 0..* care plan 
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UML class diagram 
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4.1.4.4 Clinical pathway 

Term clinical pathway 

Definition structured pattern for a healthcare workflow to be used in 

standardized care plans for subjects of care having similar health 

conditions with a predictable clinical course 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☐ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☐ yes           ☒ no 

This concept includes a new association that is part of the draft ISO 

13940:2015. 
 

The term clinical pathway includes subtypes e.g. integrated care pathways, multidisciplinary 

pathways of care, collaborative care pathways. 

Clinical pathways are designed to support clinical management, clinical and non-clinical 

resources management, clinical audit and also financial management. They provide detailed 

guidance for each stage in the management of a patient (treatments, interventions, etc.). 
 

Association from Association name  Association to 

0..* clinical pathway refers to 1..* clinical guideline 

0..* clinical pathway addresses 1..* health condition 

0..1 clinical pathway specifies pattern for 1..* healthcare workflow 
 

1..* health condition governs the choice of 0..* health condition 
 

UML class diagram 
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The International Standard defined a category named “healthcare resources” that 

includes all type of resources needed to support continuity of care. These comprise 

physical facilities (point of care), electronic resources, and human resources.  

As this model has two key elements that depend on electronic resources (i.e. closed-

loop approach and use of ICT tools), the only concepts considered under the category 

“tools and resources” are electronic ones. Both, the material (not electronic) and 

human resources are out of the scope of the model. 

Therefore, the main concept in this category is the “Electronic Healthcare Resource” 

and includes medical devices, electronic health record (EHR) and personal health record 

(PHR). 

The following figure shows a general diagram of the concepts included under this 

category as their relationships between them (Figure 4.6): 

 

 

Figure 4.6: Comprehensive UML diagram of “tools and resources” category 
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4.1.5.1 Electronic healthcare resource 

Term electronic healthcare resource 

Definition electronic resource needed to perform a healthcare activity 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☒ yes           ☐ no 

In associations:  ☐ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☒ yes           ☐ no 

This concept has been defined partially based on the term 

“healthcare resource” that is included in the International Standard 

as part of the “processes” category. 
 

Specialization of: Generalization of: 

 electronic health record 

 personal health record 

 medical device 
 

Association from Association name  Association to 

0..* electronic healthcare 

resource 

is a resource for 1..* healthcare activity 

 

1..* healthcare process requires 0..* electronic healthcare resource 

1..* healthcare actor uses 0..* electronic healthcare resource 
 

UML class diagram 
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4.1.5.2 Electronic Health Record 

Term electronic health record 

Definition repository of data and information, stored on electronic media, 

regarding the health of a subject of care 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☐ excluded  ☒ added new ones   ☐ no changes 

Other:                  ☒ yes           ☐ no 

This concept has been defined partially based on the term “health 

record” that is included in the International Standard as part of the 

“health information management” category. 
 

Specialization of: Generalization of: 

electronic healthcare resource  
 

Association from Association name Association to 

1..* electronic health record concerns 1 subject of care 
 

1..* care plan is recorded in 0..* electronic health record 
 

UML class diagram 
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4.1.5.3 Personal Health Record 

Term personal health record (PHR) 

Definition electronic health record held and maintained by the subject of care 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☐ yes           ☒ no 

In associations:  ☐ excluded  ☐ added new ones   ☒ no changes 

Other:                  ☒ yes           ☐ no 

This term is included in the draft version of ISO 13940:2105, as a 

generalization of “health record”. In this model, we have 

considered the PHR as an electronic resource. 
 

Specialization of: Generalization of: 

electronic healthcare resource  
 

Association from Association name Association to 

1 subject of care maintains 0..* personal health record 
 

UML class diagram 
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4.1.5.4 Medical device 

Term medical device 

Definition device used as a resource for performing specific types of healthcare 

activities (i.e. monitoring) 
  

Included in ISO-13940 ☒ yes      ☐ no Modified ☒ yes      ☐ no 

Modifications In definition:       ☒ yes           ☐ no 

In associations:  ☐ excluded  ☐ added new ones   ☒ no changes 

Other:                  ☒ yes           ☐ no 

This concept has been defined partially based on the term “medical 

device” that is included in the International Standard as part of the 

“processes” category. 
 

In this model, the most common used medical devices are sensors. 
 

Specialization of: Generalization of: 

electronic healthcare resource  
 

UML class diagram 
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The healthcare processes and workflows are the second components of the model.  

The International Standard ISO 13940 considers them as concepts, and it defines a 

specific category or clause of “process related concepts” that includes them. However, 

in this model it has been decided to separate them as special elements. The reasons for 

this are that processes and workflows can be used for representing the behaviour of a 

system, and they are usually built using the different elements described as concepts in 

the previous section (i.e. activities, health status, health condition, actors, etc.). 

Moreover, the combination of processes and workflows makes possible the 

construction of services. 

The following figure shows a general diagram of the different types of processes and 

workflows and their associations with the different concepts defined in the model 

(Figure 4.7): 

 

 

Figure 4.7: Comprehensive UML diagram of processes and workflows  
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A healthcare process is a set of interrelated healthcare activities performed for the 

benefit of a subject of care utilising healthcare resources. The primary input and output 

to a healthcare process is a health state of a subject of care. 

There are three types of healthcare processes that can be considered as important to 

support continuity of care from the perspective of the subject of care. They are related 

with the three considered contexts: 

 Clinical processes  

 Self-care processes  

 Automated processes  

Healthcare processes are planned within care plans and they are triggered by events, 

or episodes that influences a healthcare process. 

Clinical processes are those encompassing healthcare provider activities and, 

optionally, automated activities. Therefore, they are performed within clinical settings, 

involving healthcare professionals or healthcare organizations as main actors, as well as 

healthcare IT systems (i.e. professional IT system). They may use electronic resources 

(e.g. medical devices, electronic health records, etc.). 

As in the rest of the healthcare processes defined in this model, the health state of the 

subject of care is the process input and also the process output. The evolving health 

state follows a life cycle and along its successive steps, is perceived as different subject 

of care’s health conditions: initial, perceived, assessed, resulting (the outcome of the 

process), evaluated. 

Self-care processes are those encompassing healthcare self-care activities, either 

prescribed or recommended by healthcare professionals or not, as well as automated 

activities (optionally). The main actors in these processes are the subjects of care, along 

with the healthcare IT systems (i.e. subject of care IT systems). Self-care processes are 

executed at the subject of care’s home. They may use an electronic resources (i.e. 

medical devices, personal health records, etc.). 

Automated processes are those encompassing automated activities, performed both 

at home or at the hospital or clinical setting. The actors in these processes are the 

healthcare IT systems, both the subject of care’s and the healthcare professionals’ ones. 
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The healthcare workflows schedule healthcare activities and the use of resources within 

healthcare processes. A healthcare workflow reflects the cooperation between the 

actors and the continuity between the activities in a process. They also identify the 

actors (or participants) in the different activities and their roles in a process and they 

define the successive decisions and activities in the performance of that process. 

There are three types of healthcare workflow, which are related with the three types of 

processes defined above:  

 Clinical workflows, which schedule healthcare activities and the use of resources 

in clinical process. 

 Self-care workflows, which schedule healthcare activities and the use of 

resources in self-care processes. 

 Automated workflows, which schedule healthcare activities and the use of 

resources in automated processes. 
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The third and main elements of the model are the services. Services are composed by a 

series of healthcare processes and their respective healthcare workflows, dealing with 

the diagnosis or treatment of a disease, or the promotion, maintenance and restoration 

of health for the subject of care. The following figure shows a general UML diagram of 

the services and their associations with the different concepts defined in the model: 

 

Figure 4.8: Comprehensive UML diagram of “healthcare services” 

The term healthcare service was not originally included in the ISO 13940 (versions 

ISO13940:2007 and ISO 13940:2012) and was specifically defined for this model. The 

last draft version of the standard (ISO 13940:2015) has recently included this concept 

for the first time and defines it as “service that is the result of a healthcare process”. 

This definition is very much related with the concept of a clinical service in a hospital or 

clinical setting. The services in this model are understood in a wider perspective, as they 

cover not only this clinical scenario, but also the patient’s home, and they involve not 

only health professionals and subjects of care as main actors, but also the healthcare IT 

systems. 

 

The processes and workflows that 

compose a service in the model can be 

classified in three different contexts: 

- The Patient Loop context 

- The Professional Loop context 

- The System loop context 

 

                                                                                       Figure 4.9: Closed-Loop Service representation I 
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Each of these contexts include specific processes and their respective workflows. There 

are also processes that interrelate two or three different contexts. The whole set of 

processes defined in each of these contexts define, when grouped together, the closed-

loop service (Figure 4.9). 

The processes and workflows in the Patient Loop are mainly self-care and automated 

processes, involving the subject of care and the patient’s IT system. Similarly, the 

Professional Loop comprises clinical and automated processes, with the participation of 

healthcare professionals or healthcare organizations and professionals’ IT systems as 

main actors. Finally, the System Loop includes only automated processes in which both 

IT systems (patient and professional) are the main actors. A generic service in the 

closed-loop model is represented as follows: 

 

Figure 4.10: Closed-Loop model service representation II (processes and workflows) 

The main input and output of the service is always the subject of care’s health state. 

This health state value is continuously modified based on the outcomes of the activities 

performed in the different processes. 

The service is composed by a set of clinical processes combined with home-based self-

care processes, as well as automated processes. The clinical processes comprise all the 
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activities performed by the health professionals and the professional IT systems 

(healthcare provider activities) in a clinical setting as part of the professional loop. The 

home self-care process includes the activities performed by the subject of care (or 

patient) and the patients’ IT system at home (patient loop). Both processes might 

involve the use of electronic health care resources (i.e. medical devices, EHR, PHR, etc.). 

Additionally, there is set of automated processes performed automatically between the 

IT systems as main actors (system loop). 

There is a continuous feedback between all the processes included in the service. This 

feedback usually includes relevant data (as output of the specific activity) or updates in 

the health condition. Any change in the health state is automatically updated and used 

as an input to adjust the process. 

Services for heart failure 

The concepts of processes, workflows and services defined above are quite generic and 

could be, in principle, applied to any possible chronic condition. In this section, we 

define the services (as a group of processes and workflows) specifically aimed to provide 

personalised healthcare to a specific group of patients: heart failure patients. 

The services defined in the closed-loop model are grounded on the concepts included 

in telemonitoring and telecare, although there have been complemented by a series of 

innovations that aim to improve the heart failure patients care. Some elements that 

have been considered key for these services are: a) to gather data from the patients’ 

health status (e.g. vital signs, symptoms, etc.); b) to analyse and process these data in 

order to detect changes, and intervene adequately in case of potential risk; c) proper 

management of medication; d) the definition of a proper education and motivation 

strategy that can contribute to prolong the stable condition, once it is achieved; and e) 

addition of personalised feedback mechanisms in all the activities. 

With this approach, the model defines four main generic services:  

 Monitoring service (for gathering data and assess risk). 

 Medication management service (as it is the main intervention in HF patients). 

 Education and motivation service (to address interventions regarding lifestyle 

changes, addressing risk factors and also as a prevention method). 

 Assessment and planning service (for evaluation the health state of patients and 

setting care plans). 



  THE CLOSED-LOOP MODEL 

 

AN ICT-BASED CLOSED-LOOP MODEL TO IMPROVE CARE FOR HEART FAILURE PATIENTS 109 

 

Each of these services includes one process, with the same name than the service itself, 

which is executed at least in one of the three different contexts or loops; although some 

of them can be executed in two different ones, depending on the situation and actors 

involved.  

The monitoring, medication management, and education and motivation processes are 

executed mainly in the Patient Loop, whilst the assessment and planning process is 

performed in the Professional Loop. All processes involve certain automated activities 

that are executed in any of the loops. Table 4.3 presents all the processes included in 

each loop. 

Table 4.3: Processes in a closed-loop service for HF patients 

Patient Loop System Loop Professional Loop 

Monitoring Education and motivation (*) Assessment and planning 

Medication management Medication management (*) Medication management  

Education and motivation Monitoring (*) Education and motivation 

(*) only some activities involved 

Monitoring 

This process has the objective of monitoring certain subject of care’s parameters 

(typically vital signs and/or symptoms), according to the plan defined in the care plan. 

The process is executed within the Patient Loop involving the following concepts of the 

model: 

 Actors: subject of care and healthcare IT system. 

 Health issues: health state. 

 Healthcare activities: self-care activities (prescribed and not prescribed) and 

automated activities. 

 Healthcare planning: care plan. 

 Tools and resources: medical devices. 

The following figure represents the main concepts that are relevant for this process. 

The concepts and relationships that do not intervene in this process are represented 

with watermarks. 
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Figure 4.11: Representation of the “monitoring” process 

Medication management 

This process has the objective of helping the subject of care to manage his/her 

prescribed medication according to the defined care plan. The process is executed 

within the Patient Loop involving the following concepts of the model: 

 Actors: subject of care and healthcare IT system. 

 Health issues: health state. 

 Healthcare activities: self-care activities (prescribed) and automated activities. 

 Healthcare planning: care plan. 

 Tools and resources: personal health record. 

The following figure represents the main concepts that are relevant for this process. 

The concepts and relationships that do not intervene in this process are represented 

with watermarks. 
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Figure 4.12: Representation of the “medication management” process 

Education and motivation 

This process has the objective of defining and implementing a strategy and a plan for 

providing education to the subject of care about his/her disease or condition, assessing 

the knowledge of the subject of care about his/her condition or disease at a given 

moment in time, and helping the subject of care to set up some goals that will 

contribute to improve his/her health status. 

The process is executed mainly within the Patient Loop, with some activities in the 

Professional and System Loops, involving the following concepts of the model: 

 Actors: subject of care, healthcare professional, and healthcare IT system 

(patient IT system, professional IT system). 

 Health issues: health state, health condition. 

 Healthcare activities: self-care activities (prescribed) and automated activities. 

 Healthcare planning: care plan. 

 Tools and resources: none. 
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The following figure represents the main concepts that are relevant for this process. 

The concepts and relationships that do not intervene in this process are represented 

with watermarks. 

 

Figure 4.13: Representation of the “education & motivation” process 

Assessment and planning 

This process has the objective of obtaining a professional assessment regarding the 

health condition of a subject of care (or patient) at a given time, and defining a care plan 

for managing an assessed health condition (and ultimately the health state) of the 

subject of care. The care plan is always defined by the health professional, although 

sometimes the subject of care can also participate too. 

Additionally, the process is responsible of performing an objective evaluation the health 

state of a subject of care at any given moment in time, once a care plan has been set 

up. In the closed-loop system, this process is usually executed at the end of every 

important intervention or activity. Initially this evaluation is made by the IT systems and, 

if needed, it can require the intervention of a health professional. 
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The process is executed mainly within the Professional Loop, with some activities in the 

Patient and System Loops, involving the following concepts of the model: 

 Actors: subject of care, healthcare professional, and healthcare IT system 

(patient IT system, professional IT system), and (optional) subject of care. 

 Health issues: health state, health condition. 

 Healthcare activities: healthcare professional activity, automated activities and 

(optional) non-prescribed self-care activities. 

 Healthcare planning: care plan, protocol, and clinical guideline. 

 Tools and resources: professional/patient IT system, electronic health record. 

The following figure represents the main concepts that are relevant for this process. 

The concepts and relationships that do not intervene in this process are represented 

with watermarks. 

 

Figure 4.14: Representation of the “assessment and planning” process 
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The closed-loop model defined and described in the previous chapter is one of the main 

outcomes of this PhD Thesis. However, in order to evaluate this model, it was necessary 

to instantiate it into a real use case. This was done defining a service (i.e. Heart Failure 

Management service) based on the defined model. This service was used as a basis for 

designing and developing a system (i.e. Heart Failure Management system or HFM 

system) that supported in practice the real implementation of a closed-loop service and 

all its required functionalities. Both of them were designed and implemented as part of 

the European project HeartCycle (HeartCycle project, 2008).  

This chapter describes the process followed for instantiating the closed-loop model into 

the Heart Failure Management service. It also summarises the design and development 

process followed for implementing the HFM system. This implementation was not the 

objective of this thesis, although the resulted system was used as an instrument for 

validating the proposed closed-loop model. 

 

The Heart Failure Management service was defined based on the closed-loop model 

presented in the previous chapter, and main objective of this thesis.  

The service was conceived to tackle some of the main challenges in the heart failure 

patients’ care: the management of medication, the maintenance of the patients in a 

stable condition, and the prompt and proper intervention in case of a sudden worsening 

(HeartCycle - D2.1, 2008). It aimed to provide a more effective management of heart 

failure disease with the following particular goals:  

 To maintain the patient in a stable condition. 

 To prevent the deterioration of the health status. 

 To intervene early in case of decompensation. 

In order to achieve these goals, the Heart Failure Management service was defined 

following the next procedure: 

 Identification of processes needed to include in the service to achieve the stated 

objectives. These processes were based on the generic ones described in the 

closed-loop model. 

 Detailed definition of each of the processes identified in terms of sub processes, 

activities. The different elements included in the generic processes defined in 

the closed-loop model were used as a starting point for this definition. 
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 Definition of the associated workflow for each of the processes. 

The result of this procedure was a set of detailed processes and workflows that 

comprised the Heart Failure Management service. 

 

 

Figure 5.1: Closed- loop model and Heart Failure Management service relation 

The analysis of the objectives and the mapping with the model led to the definitions of 

the processes needed to include in the service. In total, four different processes were 

identified: worsening heart failure, titration and self-management of medication, 

education and coaching, and assessment and planning.  

Each of these processes was defined based on one of the generic processes included in 

the closed-loop model. Consequently, worsening heart failure was an instance of the 

monitoring process, as defined in the model; titration and self-management of 

medication was an instance of the medication process; and finally the education and 

coaching was an instance of the education and motivation process. The service included 

also an assessment and planning process, mainly addressed to health professionals.  

Each of these processes was divided in several sub processes as follows: 

- Worsening heart failure: vital signs monitoring, symptoms monitoring. 
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- Titration and self-management of medication: up-titration of medication, 

dynamic medication, medication management. 

- Education and coaching: knowledge assessment, education plan and strategy, 

goals setting, goals follow up. 

- Assessment and planning: health condition assessment, care plan setting. 

Once the processes were identified, the different elements to be included in them were 

analysed and utilised to construct a detailed set of activities. Finally, the workflows for 

each of the processes, including the timing for the activities and the actors involved, 

were defined.  

Hereinafter, there is a description of each of the processes and workflows that comprise 

the Heart Failure Monitoring service. UML activity and sequence diagrams are used to 

represent the processes and workflows, respectively. 

Worsening heart failure 

Worsening heart failure is based on the monitoring process defined in the closed-loop 

model. It aims to help the medical professional in the early detection of a worsening in 

the patients’ health status based on the acquisition of data though telemonitoring. It 

comprises two sub-processes, vital sign monitoring and symptom questionnaires. 

 

Figure 5.2: Worsening heart failure process 
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The sequence of activities that are included in this process are represented by means 

of a UML activity diagram. This diagram, along with the main elements (concepts in the 

model) that intervene in each of the steps, are represented in Figure 5.2. 

The workflow for this process is represented by means of an UML sequence diagram as 

follows: 

 

Figure 5.3: Worsening heart failure workflow 

Titration and self-management of medication 

The titration and self-management of medication process was based on the medication 

management process defined in the closed-loop model. It includes three sub processes, 

up-titration of medication, dynamic medication, and medication management. 

The medication management sub process has the objective of helping the subject of 

care to manage his/her prescribed medication according to the defined care plan. The 

titration of medication one reflects the procedure for up-titrating beta-blockers in 

patients, which is very common in the specific case of heart failure. And, finally, the 

dynamic titration of medication process describes the procedure managing diuretics 

dosage according to the signs and symptoms of patients. 

The sequence of activities that are included in this process are represented by means 

of a UML activity diagram. This diagram, along with the main elements (concepts in the 

model) that intervene in each of the steps, are represented in the following figure. 
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Figure 5.4: “Titration and self-management of medication” process 

The workflow for this process is represented by means of an UML sequence diagram as 

follows: 

 

Figure 5.5: “Titration and self-management of medication” workflow 
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Education and coaching  

This process based on the education and motivation one defined in the closed-loop 

model. It includes three sub processes, education and coaching strategy, goals 

management, and education. 

The education and coaching strategy sub process has the objective of defining a plan 

and a strategy for providing education to the subject of care about his/her disease or 

condition. The plan is established at an initial point and updated periodically based on 

the knowledge assessments performed on the subject of care.  

The education sub process has the objective of providing the right education to patients. 

This is based on the assessment of knowledge of the patients about his/her condition 

or disease at a given moment in time. This assessment will be also used in the previous 

process (education and coaching strategy) to adjust the education strategy and plan.  

Finally, the goals management sub process has the objective of helping the subject of 

care to set up some goals that will contribute to improve his/her health status. Goals 

are usually related to risk factors. They are initially defined by the subject of care with 

the help of the health professional and later followed up with the help of the IT systems.  

The sequence of activities that are included in this process are represented by means 

of a UML activity diagram. This diagram, along with the main elements (concepts in the 

model) that intervene in each of the steps, are represented in the following figure. 
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Figure 5.6: “Education & coaching” process 
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The workflow for this process is represented by means of an UML sequence diagram as 

follows: 

 

Figure 5.7: “Education and coaching” workflow- part I  

 

 

Figure 5.8: “Education and coaching” workflow- part II 

Assessment and planning 

This process is based on the one with the same name defined in the closed loop model. 

It comprises two sub processes: the health condition assessment and the care plan 

management.  

The health condition assessment sub process has the objective of obtaining a 

professional assessment regarding the health condition of a subject of care (or patient) 
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at a given time. The process is mainly executed within the Professional Loop involving 

clinical activities and the health professional as a main actor.  

The care plan setting sub process has the objective of defining a care plan for managing 

an assessed health condition (and ultimately the health state) of the subject of care. 

The care plan is always defined by the health professional, although sometimes the 

subject of care can also participate too.  

The sequence of activities that are included in this process are represented by means 

of a UML activity diagrams. These diagrams, along with the main elements (concepts in 

the model) that intervene in each of the steps, are represented in the following figures. 

 

Figure 5.9: “Assessment and planning” process – part I 

 

Figure 5.10: “Assessment and planning” process –part II 
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The workflow for this process is represented by means of an UML sequence diagram as 

follows: 

 

Figure 5.11: “Assessment and planning” workflow- part I 

 

 

Figure 5.12: “Assessment and planning” workflow- part II 
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The HFM system aimed to support the processes defined a part of the Heart Failure 

Management service, described the previous section.  

As it was mentioned above, the design and development of this system were not the 

objectives of this thesis. However, in practice, this system was the instrument used for 

validating the proposed closed-loop model. Therefore, this section presents an 

overview of the design and development process, making especial emphasis on the 

specific aspects and elements that were included in the HFM system in order to comply 

with the defined model. 

 

The HFM design followed an iterative and user-centre approach, based on the Goal 

Oriented Design (GOD) methodology (see Chapter 3 for further information) (Cooper et 

al, 2014) and comprised the following phases: a) user needs identification, b) system 

requirements, c) definition of personas and scenarios, d) definition of use cases.  

User needs and requirements  

During the first phase of the design process (research phase according to the GOD 

methodology) the needs of heart failure patients and professionals for a system that 

would support the defined service were investigated, analysed and assessed. This was 

done analysing three sources of information: health professional experts’ opinion, data 

obtained in interviews done to patients and professionals, and the outcome of specific 

workshops with patients and health professionals (namely the patients’ workshop and 

professionals’ workshop). The defined service was used as a starting point for this 

assessment. 

The resulting patients’ and professionals’ requirements derived from this analysis were 

the following (HeartCycle - D4.1, 2008; HeartCycle - D7.1, 2009): 

Patients’ requirements: 

 Patient module main elements. These include basic elements of daily 

measurements of the patient’s vital signs, feedback on those vital signs 

measurements, education and information of medication management and 

lifestyle changes, and an internet-based link to the medical professional. 

 Care plan configuration and execution. A clearly understandable plan of action, 

regularly updated, and including daily monitoring plan with measurements and 
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symptom questionnaires, basic health education, therapy guidance (medication 

and lifestyle) and reminders. 

 Self-management passport for medication. The system should include tools for 

self-management of medication in several levels, depending on the 

understanding of the patient of his/her disease. 

 Decompensation and complication detection. The system should be able to 

detect decompensation early, based on vital signs measurements (such as 

decreasing thoracic impedance, increasing heart rate, decreasing heart rate 

variability and increasing weight) and symptom reports. 

 Care plan configuration and execution.  

 Medication management. The system should include educational content on 

medication, personalised reminders, and summary on medication regimen. 

 Feedback and advice. Provide the patient with sufficient feedback and advice to 

empower him/her in managing his/her disease. Messages to the patient must 

foster understanding, self-belief and motivation of the patient. 

 Patient-professional communication. Direct bidirectional communication 

between patient and professional. 

Professional requirements: 

 Assessment. Tools to assess the suitability of the HFM system for each patient. 

 Risk stratification and management. Tool for patients’ stratification and 

prioritization based on risks. 

 Alerts. A prioritisation of the patients according to their health status, 

highlighting possible problems, and warning of important events that need 

urgent attention to allow a better management of multiple patients. 

 Medication Management. The system should offer summarized information 

including all the medication taken by each specific patient. Tools for managing 

the patients’ medication, including summarized information of all the 

medication taken by each specific patient, medication plan updating option, 

guidelines consultation, etc. 

 Coaching and support for the patients, with the proper education materials and 

strategies. 

 Care plan tools to create, edit, update and manage care plans. 
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System requirements 

The patients’ and professionals’ workshops were followed by an additional one, where 

experts in the health domain analysed the user needs and requirement and identified 

the system requirements needed to provide the functionalities foreseen in the HFM 

system.  

A complete set of requirements were identified in this phase, covering the following 

aspects: monitoring, feedback (both to patients and professionals), medication 

management, care plans, non-pharmacological treatments, interface and interaction, 

and technology. 

Personas and scenarios 

The Goal Oriented Design methodology defines personas as the user archetypes that 

allow the designers to gather the needs, expectations and motivations of the users to 

whom the application is intended for. Personas are built from the qualitative data 

gathered during the research phase (Cooper et al, 2014). 

The HFM system was intended for a target population above the age of 65, symptomatic 

(NYHA class II-IV) and not familiar with technology. These characteristics were 

considered in the design for defining the primary persona, while a secondary persona 

was defined to capture the needs, expectations and motivations of less acute patients. 

The system was designed to fulfil the goals and expectations of the primary persona, 

while having the secondary persona in consideration for additional features and 

consideration (HeartCycle - D4.4, 2008). 

Based on the data gathered during the interviews, a set of goals for the considered 

group of patients was identified. To feel in control of one’s own health, and to be in 

contact with the medical professionals were identified as vital goals. The experience 

goals comprised the availability of a system that could be integrated into daily normal 

life and that was ease of use. Finally, the final goals included: receiving feedback and 

messages always positive and clear; better knowledge on medication regimen; and 

information and advice on how to cope with symptoms (HeartCycle - D4.4, 2008). 

Use Cases 

The work done in the previous phases was used to define the use cases needed to 

develop the HFM system. These use cases represented how the different actors 

participating in a process interact between them. Each use case included a description 

of the activities or tasks that the different actors perform. 
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The specific use cases that have been defined for each of the processes that had to be 

supported by the HFM system are summarised in the following table: 

Table 5.1: HFM system use cases 

Subservice Use Cases Activities 

Worsening heart 

failure 

Vital sign 

monitoring 

Schedule monitoring, Send alert, Vital signs 

measurement, Register measurement, Send 

feedback. 

Symptoms 

monitoring 

Schedule monitoring, Send alert, Answer 

questionnaire, Register responses, Send feedback. 

Titration of 

medication 

Up-titration of 

medication 

Schedule medication map, Communicate 

medication plan, Send alert, Communicate changes 

in medication, Acknowledge and accept 

medication change, Send feedback. 

Titration of 

medication and 

Self-management 

of medication 

Medication 

management  

Schedule medication map, Communicate 

medication plan, Send alert, Communicate update 

in medication, Acknowledge medication change, 

Send feedback. 

Self-management 

of medication 

Dynamic 

titration of 

medication 

Schedule medication map, Communicate 

medication plan, Send alert, Proposal of 

medication change, Acknowledge proposal, 

Acceptance/ Rejection of medication change, Send 

feedback. 

Education and 

coaching 

 

Education and 

coaching 

strategy 

Definition of initial education & motivations 

strategy and plan, Registration of the education & 

motivation plan and strategy, Update education & 

motivation plan. 

Education Schedule questionnaire, Send questionnaire and 

alert, Fill in knowledge questionnaire, Evaluation 

and feedback, Send educational material. 

Goals setting Assess risk factors, Goals setting/Update, 

Evaluation and feedback. 

Assessment and 

planning 

Care plan setting Check the clinical guidelines, Establishment of a 

protocol, Definition of a care plan. 

Health condition 

assessment 

Health condition perception, Health condition 

assessment, Analysis of data and identification of 

changes in the health state, Refer for health 

condition assessment. 
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Once the design phase was finished and the system requirements finalised, it was clear 

that most of the needs, requirements and basic functionalities defined could be very 

well covered by a telemonitoring system. At the time of staring the development phase, 

there were several telemonitoring solutions already developed and available in the 

market. Therefore, it was decided to use one of these existing solutions as a basis for 

the system development and to add the functionalities that were not covered in order 

to fulfil our system requirements. Thus, the development of the HFM system followed 

a mixed approach: some of the systems’ functionalities were actually developed, but 

some of them were utilised from a commercial system. 

After an analysis of the existing options, the selected solution was the commercial 

platform Motiva ®, developed by Philips (see Chapter 3 for further details). The HFM 

system was developed based on this commercial system (i.e. Motiva ® Philips platform) 

taking advantage of the offered functionalities, adapting some of them, and adding new 

ones according to the requirements of the defined service. As a summary, in practice, 

the HFM system was developed as an advanced and improved version of Motiva ® 

system. 

This section describes both the basic (existing) and new functionalities from Motiva® 

system that composed, as a whole, the so-called HFM system. The actual 

implementation of these functionalities was done by a team of Philips’ engineers and 

was not part of this research work.  

 

Figure 5.13: Overview of HFM system architecture 
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The Motiva® platform included the basic functionalities of a telemonitoring platform 

(i.e. vital signs monitoring, basic symptoms questionnaires, basic medication 

management, and educational videos). However, the HFM system required the 

development of certain functionalities that have been added to the original Motiva ® 

platform. These functionalities comprised (HeartCycle - D11.1, 2010; HeartCycle - D7.4, 

2009): 

For the professional:  

o Medication algorithms 

o Care plan manager 

 

For the patients 

o Questionnaires, for collecting patient data (additionally to the vital signs 

collected by the sensors) 

o Feedback messages and therapy messages, for proving feedback to the 

patient. 

o Educational material, for educating patients on specific topics. 

o Motivational methods, tools and material, for coaching patients on 

behavioural changes. 

5.2.2.1 New functionalities for professionals 

The main two functionalities added to the system to support the professionals were the 

medication algorithms and the care plan management tools. 

The medication algorithms were designed to support the titration and self-

management of medication process. They basically defined the specific actions that the 

medical professionals had to execute to manage the medication of a patient. These 

actions were based on certain medical conditions and values, and/or their changes over 

time (e.g. patients’ labs, vitals, symptoms, medications and its compliance and 

compliance to low sodium diet) (HeartCycle - D11.1, 2010). 

The medication algorithms described: 

1. The conditions under which the patient should be assessed, re-assessed or 

managed by the medical professional. 

2. The tasks of the medical professional that are needed given a specific set of 

conditions of a patient (e.g. change medication dose, consider alternative 

medications, schedule new lab tests, etc.). 



  IMPLEMENTATION OF THE MODEL  

AN ICT-BASED CLOSED-LOOP MODEL TO IMPROVE CARE FOR HEART FAILURE PATIENTS 133 

 

3. The tasks required from the patient given the specific set of conditions (e.g. 

comply with the change in medication dose prescribed by the medical 

professional, answer the symptoms questionnaires, or take the teaching quiz). 

In total, four groups of these algorithms were defined, each one focused on a particular 

medication action. The medication algorithms that were defined and implemented in 

the HFM system are summarized in the table below: 

Table 5.2: Medication algorithms implemented in the HFM system 

Initialisation algorithms Up-titration 

algorithms 

Diuretics 

algorithms 

Maintenance 

Algorithms 

 ACE Inhibitors 

 Angiotensin Receptor 

Blockers 

 Beta-blockers 

 Aldosterone 

antagonists 

 Digoxin 

 Diuretics 

 ACE inhibitors 

 Angiotensin 

Receptor 

Blockers 

 Beta-Blockers 

 Aldosterone 

antagonists 

 Digoxin 

 Diuretics 

minimisation 

 Diuretics 

optimisation 

 Symptoms 

 Heart Rate 

 Systolic Blood 

Pressure 

 Weight 

 Serum Creatinine 

 Potassium 

 Medication Review 

 

The care plan management functionality was designed to help the physicians managing 

the patients’ care plans, as part of the assessment and planning process. It was designed 

as a tool that included an editor, which allowed the creation and adaptation of care 

plans associated to the treatment using a graphical tool. 

The definition of these medication algorithms was not part of this research work. It was 

done within the framework of HeartCycle project by Professor John G. Cleland (as 

medical chief of the project) in collaboration with Philips’ researchers. The same applies 

to the care plan manager, which was also designed within HeartCycle project. However, 

the actions derived from the execution of these algorithms or care plans in terms of 

communications with the patients were defined within this thesis (e.g. feedback 

messages, symptom questionnaires, educational strategy).  
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5.2.2.2 New functionalities for patients 

In order to support the defined processes and sub process in the heart Failure 

Management service, three specific new functionalities for patients were include in the 

HFM system:  

 Questionnaires, to support worsening heart failure process, and particularly the 

symptoms questionnaires sub process. 

 Education and coaching, to support the process with the same name. 

 Feedback messages, to horizontally support all the processes in the service. 

Hereinafter, each of these new functionalities is described in detail. 

Questionnaires 

The management of heart failure requires that care professionals know whether a 

patient has a particular symptom and its intensity, so that they can determine the 

appropriate care. The HFM system was designed to include this functionality by offering 

the possibility to monitor the following symptoms: breathlessness or dyspnoea, chest 

pain, fatigue, palpitations, oedema, and dizziness (HeartCycle - D11.4, 2010).  

In the HFM system, the presence and intensity of these symptoms (i.e. absent, mild, 

moderate, and severe), was determined by means of questionnaires that are prompted 

to the patients on a daily and weekly basis. These questionnaires complement the 

information obtained through the vital signs monitoring and offer care professional 

enough data for proving feedback and therapy messages to the patient. 

The symptoms questionnaires within the HFM system have been implemented 

following two main criteria: to limit the burden for the patients, and to be clear and 

effective, gathering the best accurate and useful information as possible. Consequently, 

the strategy for prompting these questionnaires involved the definition of the delivery 

frequency and as well as different types of questions (i.e. generic and specific 

questions). 

Generic questions  

Generic questions are exploratory enquires that have the objective of find out if the 

patients’ symptoms have changed with respect to the previous day. These questions 

are supposed to be answered by the patient every day. Depending on the provided 

answer, additional and more detailed questions can be asked afterwards, only when 

necessary (HeartCycle - D11.4, 2010). 
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The generic questions ask the patient whether his/her symptoms have changed with 

respect to the previous day. It structure is as follows: 

How are your symptoms (breathless, chest pain, fatigue, palpitations, swellings, or dizziness) 

compared to yesterday?  

 1 - the same as yesterday 

 2 - better than yesterday 

 3 - worse than yesterday 

 4 - some better, some worse than yesterday 

The question has been specifically designed to make the patient compare his/her 

symptoms with the previous day, instead of asking him/her to state his/her feeling in 

an absolute way. The reason for this is that absolute feelings may be influenced by 

entirely different reasons (e.g. the patient may feel very well due to a happy event in 

his/her family). Additionally, as the patient may not remember the relevant symptoms, 

they are mentioned explicitly in the question. 

Depending on the answer to this generic question and the patient’s condition the 

previous day, additional and more detailed questions may be asked. However, no 

further questions are asked in three circumstances: when the symptoms are the same 

as the previous day, when the patient’s symptoms are better than the previous day and 

previous day’s condition was good, or when the patient’s symptoms are worse than the 

previous day, and the previous day’s condition was severe. In the rest of cases the HFM 

system asks the patient to answer a specific questionnaire related to all symptoms 

(Figure 5.14). 

 

Figure 5.14: Generic question schema 
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Questionnaires per symptom 

Questionnaires per symptom are prompted depending on the answers to the generic 

questions and the patient’s condition the previous day. In these questionnaires the 

patient is asked to answer detailed questions for all symptoms. Following, an example 

of possible questions to be included in these specific questionnaires is presented for 

breathlessness symptom (HeartCycle - D11.4, 2010). 

Did you get short of breath today?   

 1 - No  

 2 - Yes, mildly 

 3 - Yes, moderately 

 4 - Yes, severely 

Some medical algorithms want to find out whether the patient is “breathless at rest”. 

Therefore the following common question is asked when if the patient has indicated to 

experience breathlessness (i.e. has selected answer 2, 3, or 4 in the above question): 

Please rate your breathlessness when sitting at rest: 

 1 - None 

 2 - Mild 

 3 - Moderate 

 4 - Severe 

 

Symptoms questionnaires 

In addition to the daily generic and specific question, the HFM system invites all patients 

to answer a weekly detailed symptoms questionnaire. This way it is possible “double 

check” the patient’s symptoms over time (HeartCycle - D11.4, 2010). 

Weekly questionnaires are prompted on a fixed day for all patients (i.e. Monday). This 

day the patient does not have to fill in the daily questionnaire. Furthermore, at any time 

the care professional may consider it necessary to gather additional or more recent 

information from the patient. In that case, a message is sent to the patient, with the 

invitation to fill in a specific questionnaire (HeartCycle - D4.4, 2008). 

Filling in questionnaires may be also done on the patient’s initiative, or as the result of 

a reminder given by the system. The system will automatically send a reminder to the 

patient when he has not filled in a prompted questionnaire (e.g. at 20:00 hrs). This 

applies to both the daily and the weekly questionnaires. Nevertheless, sending a 
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reminder does not guarantee that the patient will fill in the questionnaire that same 

day, it may be possible that this task is postponed until the next day, or even later 

(HeartCycle - D4.4, 2008). 

Following there is an example of the questions included in this weekly questionnaire for 

breathlessness symptom. 

The question for breathlessness included in the weekly questionnaire is the following: 

How many days over the past week did you get short of breath?  

 1 - Never 

 2 - One to two days a week 

 3 - Three to four days a week 

 4 - Five or more days a week 

If the patient has indicated he experienced breathlessness in the past week (i.e. has 

selected answer 2, 3, or 4 in the weekly question above) the following question is asked 

in the weekly questionnaire, together with the “breathless at rest” question showed 

above: 

How would you rate the typical severity of your breathlessness on these days?   

 1 - Mild 

 2 - Moderate 

 3 - Severe 

 4 - A combination of these 

Feedback messages 

Feedback messages are the practical implementation of the feedback activities defined 

in the closed-loop model and included in every single process of the Heart Failure 

Management service. 

Therefore, they are an essential component of the HFM system and are utilized to 

interact with the patient on a daily basis. They comprise therapy messages, reminders, 

short questions, educational and motivational messages, and alerts to the patient 

(HeartCycle - D11.4, 2010). 

Normally, feedback messages embrace information coming from the system to the 

patient. However, in some cases, patients are prompted with short questions that are 

also used to collect specific information from them (e.g. patient’s compliance with the 

care plan). As the patient receives these messages very often when using the system, 

they have been designed to e easy-to-read and understand, but also being 
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informational and motivational at the same time. In a practical way, the messages have 

been designed to fit on one or a few screens on TV display with a large font within the 

Philips Motiva system. 

Ultimately, the messages have been designed to support the medical algorithms 

defined above. Figure 5.15 presents an extract of the algorithm for controlling oedema 

with weight monitoring. Each box in the figure represents a screen on patient user 

interface (i.e. TV screen). The patient receives some therapy messages and a proposal 

to change a dose in the medication. He is able to accept or reject the proposed change. 

In case of rejection, an alert is sent to the care team informing them that the patient is 

not willing to accept the proposed changes in the medication and they should take care 

of the issue personally. 

 

System messages to patient, when sudden increase in weight has been detected 

Figure 5.15: Weight monitoring for diuretics administration 

Education and coaching 

Education and coaching functionalities were included in the HFM system. 

The HFM system implemented a strategy aimed to educate and coach heart failure 

patients on a variety of topics. These topics related to background information (e.g. the 

cause of heart failure, or tips for travelling) or to self-care behaviours (e.g. medication 

adherence, nutrition, or physical activity). The definition of this strategy followed an 

approach similar to the one used in the Heart Manual, developed by NHS Lothian 
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(HeartManual, 2008) (see Chapter 3 for further details) and can be summarised as 

follows (HeartCycle - D11.4, 2010): 

 Introduction period. In the first 2 weeks after the installation of the system the 

system offers education on basic topics. 

 Selection of relevant topics. At the end of the introduction period the patient 

answers several questions so that the relevant topics for him/her can be 

determined. The patient selects the next education topic he/she wants to learn 

more about, at the moment of his choice. 

 Education is typically done by means of a video followed by a teaching quiz to 

assess how well the material was understood.  

 Coaching. The patient expresses his/her level of confidence in making a change 

on a specific relevant aspect of topic (i.e. “scaling for change” approach). The 

system recommends the patient to start with the easiest one, but the patient 

makes the final choice. Coaching is typically started with education, after which 

the patient sets goals and the system gives feedback. 

 At any time the system (or care professional) may decide that a topic has 

become relevant for a patient and schedule the related education and possibly 

coaching. 

Education  

The HFM system includes a set of materials (in the format of videos or tips) covering 

possible relevant topics for the heart failure patients. These topics address both generic 

aspects (e.g. cause of heart failure or tips for travelling) and more specific ones (e.g. 

medication adherence or physical activity) (HeartCycle - D11.4, 2010).  

From the educational perspective, the HFM system gives the patient the possibility to 

choose and control the topics that he/she would like to address at a specific moment in 

time. This approach implies that only the topics that are relevant for a patient are 

addressed. The relevance of a topic is determined asking some questions to the patient, 

typically focused on assessing when or if he/she performs a specific behaviour (e.g. do 

you smoke?). The patient’s answers to the different questions determine the response 

of the system. If a topic is considered irrelevant to a patient, the system just provides 

feedback (for example, when the patient has indicated that he/she does not smoke, the 

topic “smoking cessation” is irrelevant for this patient, and the system may just inform 

the patient that not smoking is very good). In the case of topics considered relevant to 
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the patients, he/she is offered specific education and possibly explicit behaviour change 

coaching (for example, when the patient smokes, the system provides education on 

smoking cessation, and may offer the patient coaching for smoke reduction or 

cessation). This approach may imply that a patient is offered education even when 

he/she has sufficient knowledge on a topic. However, the decision of providing 

information on a specific content is based on the patients’ actions (obtained through 

the questionnaires) and it is only offered whenever an incorrect action is detected. In 

these cases, even if the patient had sufficient knowledge, it is considered that the 

repetition of educational content is not harmful; it maybe even useful as the patient is 

not acting according to his supposed knowledge. 

For each relevant education topic, the following process is followed: 

o An introduction message describing what is going to happen. 

o A video with the core content. 

o A wrap-up message describing the next steps. 

o A teaching quiz to assess how well the video content was understood. 

o A feedback message depending on the quiz score. 

Additionally, whenever it is requested by the patient, the HFM system shows a list of 

relevant education topics. Each topic has one of the following states: unselected (when 

the patient has not yet selected this topic), selected (the patient has selected and 

started this topic, but has not yet completed it), successfully completed (when the 

patient has done the five steps as explained above, and has obtained a good score in 

the teaching quiz), and unsuccessfully completed (when the patient has done the five 

steps as explained above, and has obtained a bad score in the teaching quiz). 

Coaching 

In addition to education, the system offers coach the patient in adopting self-care 

behaviour change, following a process based on the Heart Manual approach and the 

Self-Regulation Theory. The strategy is based on setting goals for change behaviour 

(addressing patient vital signs and lifestyle changes), monitoring the change and the 

progress towards the established goals, provide feedback and give rewards. The targets 

set are always be measurable and time-based, and having small incremental steps 

motivate and give the patients feeling of control. In practice, the strategy is 

implemented as follows (HeartCycle - D11.4, 2010): 
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o The system offers education on this behaviour (using the model described 

above). 

o The patient sets SMART (specific, measurable, attainable, realistic and timely) 

goals for this topic and makes an action plan. 

o The patient notes the progress in a diary. 

o The system gives the patient feedback on progress. 

o The system offers support for relapse prevention. 

o The system offers support for maintenance. 

Coaching topics are selected via the “scaling for change” approach. First, the patient 

expresses the importance of a topic, and how confident he/she is of making the change. 

Then, the system suggests starting with the important topic with the highest score (i.e. 

the easiest). 

As in the case of education, whenever requested by the patient, the system shows a list 

of relevant coaching topics. Each topic has one of the following states: unselected (the 

patient has not yet selected this topic), selected (the patient has selected and started 

this topic, but has not yet reached the relapse prevention or maintenance phase of this 

topic), and completed (the patient is in the relapse prevention or maintenance phase of 

this topic). 
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The validation aimed to assess the effectiveness of the proposed closed-loop model in 

improving the care for heart failure patients. This improvement was defined as a 

positive evolution of the patients’ health status (measured in terms of parameter like 

quality of life, wellbeing, and self-care), either from an objective or a subjective 

perspective. 

The assessment was conducted on the HFM system, as the practical implementation of 

the Heart Failure Management service defined as an instance of the closed-loop model. 

The HFM system was tested in a clinical study in order to evaluate its effectiveness in 

achieving the proposed objective. This clinical study was conducted as part of an 

observational clinical trial within the framework of HeartCycle project (HeartCycle 

project, 2008), and was run in three different settings in three European countries (Hull 

in the United Kingdom, Badalona in Spain, and Heidelberg in Germany). The details of 

this clinical study set up are described in Chapter 3 “Methods and Materials”. 

The validation method used for the validation of the system was defined as part of this 

research work and had three main objectives: 

 To assess the effect that the use of the HFM system had on heart failure 

patients, in terms of their own self perception of wellbeing (qualitative or 

subjective analysis). 

 To assess the stability and health status evolution of patients after using the 

HFM system, based on objective data (quantitative or objective analysis). 

 To compare and identify correlations between the patients self-perception of 

wellbeing and the objective health status evolution. 

These objectives were achieved following a four steps procedure: 

I. Study analysis design, comprising the selection of the dataset to be analysed as 

well as the analysis of the demographic characteristics within the selected 

dataset (i.e. gender distribution, age, country). 

II. Quantitative analysis, focused on obtaining an objective estimation of the 

health status of the patients participating in the study. This was done through 

the calculation of two specific indexes, computed based on parameters 

obtained in the lab tests and physical examinations.  
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III. Qualitative analysis, focused on obtaining a subjective impression of the health 

status of the patients participating in the study. This analysis was based on the 

responses to specific questionnaires (both standard and dedicated ones). 

IV. Comparison of the results obtained in the quantitative and qualitative analysis, 

with the aim to determine existing or non-exiting correlations between the 

objective and subjective health status of the patients. 

 

In principle, a total number of 128 patients participated in the global clinical trial 

conducted in HeartCycle project (HeartCycle project, 2008). However, not all of them 

could be considered for the evaluation of the HFM system and closed-loop model. The 

stated objectives for validating the proposed model required that all the patients 

participating in the analysis had complete sets of data, both quantitative (i.e. lab test 

and physical analysis) and qualitative (i.e. questionnaires) in the different stages of the 

study (i.e. at baseline, at the end of the study or exit, and at the end of the different 

phases). This prerequisite required the exclusion from the analysis of some of the 

registries of the original dataset that had incomplete data according to the following 

filtering criteria: 

 Registries of patients with incomplete quantitative data in lab tests and physical 

examinations (32 registries). 

 Registries of patients with incomplete qualitative data in the questionnaires (27 

registries). 

 Registries of patients who have deceased during the study, reallocated, or 

withdrawn the study, either requested by themselves or by the main 

investigator (12 registries). 

After applying this filtering, a resulting subset of 57 registries of patients has been 

considered as the initial dataset for this evaluation.  

This initial dataset has been classified in 3 groups, attending to the exact moment where 

the patients left the study (see Chapter 3 for details on the different phases of the 

clinical study). Therefore, Group 1 included 18 patients that left the clinical study after 

completing phase A, Group 2 included 25 patients that finalised after completing phase 

C, and Group 3 was formed with the 14 patients that completed all the phases and 

finished phase D.  
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In the global dataset of 57 patients, 41 patients (72%) were male, and 16 patients (28%) 

were female. Group 1 included 12 male patients (67%) and 6 female ones (33%); Group 

2 comprised 17 male patients (68%) and 8 female patients (32%); and Group 3 was 

formed with 12 male patients (86%) and 2 female ones (14%). 

 

Figure 6.1: Gender distribution in the initial dataset of patients (n=57) 

Patients were distributed among three different countries: 29 patients in Spain (51%), 

19 patients in United Kingdom (33%), and 9 patients in Germany (16%). The distribution 

per groups was as follows: Group 1 (n=18) included 1 patient from Spain (6%), 14 

patients from the UK (78%), and 2 patients from Germany (11 %); Group 2 (n=25) 

comprised 15 patients from Spain (60%), 5 patients from the UK (20%), and 5 patients 

from Germany (20%); and Group 3 (n=14) had 13 patients from Spain (93%), 1 patient 

from Germany (7%), and no patients from the UK (0%). 

 

Figure 6.2: Distribution of participants per country (n=57) 

The initial dataset showed a mean age of 67.8 (with standard deviation of 9.7). In Group 

1, the mean age was 66.1 (standard deviation 9.6); Group 2 presented 66.9 of mean age 

(standard deviation 10.4); and finally Group 3 showed a mean age of 71.6 (standard 

deviation 8). 
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Figure 6.3: Age distribution of participants (n=57) 

The patients participating in the study were using the HFM system during a time that 

varied from 40 to 505 days. The mean time of utilization was 239 days (with a standard 

deviation of 106). 

Patients in Group 1 used the system a mean number of 148 days (standard deviation 

61), patients in Group 2 used it for 251 days (standard deviation 99), and patients in 

Group 3 utilised the system a mean number of 336 days (standard deviation 61). 

 

Figure 6.4: Usage distribution of the HFM system (n=57) 
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The clinical study planned the collection of different types of data (quantitative and 

qualitative) at the beginning of the study (baseline), at the end (exit), as well as at the 

end of each of the phases (phases A, B, C and D). The details of the data gathered in 

each phase are included in Section 3.1.3, as part of Chapter 3 Methods and Materials. 

The collected data has been used to perform three types of analysis:  

 Quantitative or objective analysis, used to evaluate the general health status of 

patients. This analysis has been based on data obtained in lab tests or physical 

examinations, including heart rate, weight, potassium, creatinine, and NT-

proBNP. 

 Qualitative or subjective analysis, focused on patient’s self-perception of their 

health status and wellbeing. This analysis was based on data obtained using 

questionnaires. 

 Comparison of the results obtained in the quantitative and qualitative analysis 

in order to identify possible correlations. 

The following sections present the results obtained in these three analyses. 

 

The aim of the quantitative analysis was to obtain an objective assessment of the so-

called health status of the patients at the end of the clinical study and after having used 

the HFM system for a certain period of time. 

This health status has been determined calculating two indexes, specifically defined in 

this thesis: the stability index and the health status evolution index. Both indexes are 

based on the measurements of specific medical parameters collected in the different 

phases of the clinical study as part of lab test or physical examinations (i.e. heart rate, 

potassium levels, creatinine values, NT-proBNP, and weight). 

The stability index measures the stability of a patient’s condition at a specific moment 

in time (e.g. at the end of each phase), without comparing it with any other moment. 

On the other side, the health status evolution index measures the evolution of the 

patient’s condition comparing two different moments in time (e.g. health status at exit 

compared to baseline), and provides information about the progress of the disease. 

Ultimately, the health status evolution index allows us to classify the patients in two 

groups:  

a) patients that experienced an improvement in their health status at the end 

of the study, compared to baseline (positive health status evolution), and 
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b) patients that experienced a worsening in their health status at the end of the 

study, compared to baseline (negative health status evolution). 

It is important to highlight that the assessment of health status evolution has been 

obtained merely comparing values in two different moments in time: before and after 

the intervention. The evaluation does not analyse the different possible situations that 

could have occurred in the meantime Due to the long period of time between these 

measurements, it is highly possible that several different circumstances have affected 

this value. However, this evaluation is focused on study the global effect of the 

intervention (i.e. the use of the HFM system), therefore intermediate statuses have not 

been considered as they were not relevant.  

The quantitative analysis has consisted in calculating the stability index and the health 

status evolution index for the 57 patients participating in the clinical study. 

This has been done according to the following procedure. First, we determined the 

value range considered as normal for each of the parameters needed to calculate the 

indexes (i.e. heart rate, potassium levels, creatinine values, NT-proBNP, and weight). 

These values are summarized in the following table: 

Table 6.1: Normal value ranges of quantitative parameters 

Parameter Normal ranges Considerations 

Heart rate 50-65 bpm Heart rate values for heart failure patients should be between 

50-65 bpm. Patients with high heart rate values have more 

probabilities of worsening their heart failure condition, 

compared to the ones with lower heart rate values. 

Potassium 

levels 

4-5,5 mmol/L Low potassium levels can cause heart rhythm disturbances 

and muscle weakness (including the heart), but high levels 

can be also dangerous as they can produce heartbeat 

irregularities and even sudden death.  

In the special case of heart failure patients, controlling this 

parameter is especially critical, as the medication for this 

disease has a direct effect of it. While diuretics can cause a 

loss of potassium, other medication like angiotensin 

converting enzyme (ACE) inhibitors, angiotensin receptor 

blockers (ARBs), and aldosterone antagonists will increase 

potassium levels. 

Creatinine 

values 

< 130 umol/L Values should be maintained below 130 umol/L. 
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Parameter Normal ranges Considerations 

NT-proBNP < 125ng/L When heart failure develops or worsens, the pressure on the 

ventricles or lower chambers of the heart causes the 

production of a substance that breaks down in two proteins: 

B-type natriuretic peptide (BNP) and N-terminal-pro-BNP 

(NT-proBNP). The levels of these two substances in blood can 

be used then to determine a worsening or improvement of a 

heart failure condition.  

Weight Within 2 Kg of 

target 

Heart Failure patients need to control their weight on a daily 

basis, as sudden increases of this parameter (e.g. 2 Kg) can 

be indicative of fluid retention, which can be the cause of a 

possible decompensation. 

 

Based on these values, the estimation of the stability index of a patient was done in the 

following two steps.  

 Step1: the individual values of three of the considered parameters (i.e. heart 

rate, potassium and creatinine) were assesses and classified as “within range” 

or “out of range” according to the rules and ranges presented in Table 6.1. The 

other two parameters, weight and NT-proBNP values, have not been considered 

for the computation of this index, and they can only provide useful information 

when compared in different moments in time.  

 Step 2: based on the previous classification, the stability index for each patient 

was calculated in different moments in time. In total, four different levels of 

stability options have been considered: 

- Stable: if the three considered parameters present values “within 

range”. 

- Mostly stable: if two of the parameters present values “within range” 

and only one of them is “out of range”. 

- Mostly non-stable: if two of the parameters present values “out of 

range” and only one of them is “within range”. 

- Non-stable: if the three parameters present values “out of range”. 

These criteria are presented in the following table. 
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Table 6.2: Criteria for calculating the stability index 

Individual classification Stability index 

Parameter 1 Parameter 2 Parameter 3 

Within range Within range Within range Stable 

Within range Within range Out of range Mostly stable 

Within range Out of range Out of range Mostly non-stable 

Out of range Out of range Out of range Non-stable 

The patients’ health status evolution index was calculated following a similar procedure, 

this time involving the five parameters: 

 Step 1: the individual values of three of the five considered parameters (i.e. 

heart rate, potassium, and creatinine) were assesses and classified as “within” 

or “out of range” according to the rules and ranges presented in Table 6.1. 

 Step 2: based on the previous classification, the individual progress for each 

parameter was calculated, comparing the obtained values at the end of each 

phase with the ones obtained at baseline, in order to determine if there was an 

improvement, a maintenance, or a worsening in each of the parameters. The 

criteria used for this classification is included in the following table: 

Table 6.3: Criteria for calculating the individual progress classification of heart rate, potassium and 

creatinine 

Classification at 

initial point 

Classification at end 

point 

Individual progress classification (for 

each parameter) 

Within range Within range Stable 

Within range Out of range Worsening 

Out of range Within range Improvement 

Out of range Out of range Possible improvement or worsening 

depending on the values 

 Step 3: for the two remaining parameters, weight and NT-proBNP, individual 

parameter progress was done as follows: 

Table 6.4: Criteria for calculating the individual progress classification of NT-proBNP and weight 

NT-proBNP Individual progress classification 

NT-proBNP final value - NT-proBNP final value < 0 Potential improvement 

NT-proBNP final value - NT-proBNP final value > 0 Worsening 

NT-proBNP final value - NT-proBNP final value = 0 Stable 
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Weight Individual progress classification 

Weight final value – Weight initial value <= 2 Kg (in 

absolute value) 

Stable 

Weight final value – Weight initial value > 2 Kg (in 

absolute value) 

Potential worsening 

 

 Step 4: finally, the global health status evolution index of a patient was 

calculated based on the individual progress of the five parameters according to 

the following criteria: 

Table 6.5: Criteria for calculating the health status evolution index 

Individual progress  Global health 

status 

evolution 
Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5 

Improvement Improvement Improvement Improvement Improvement Improvement 

Improvement Improvement/ 

Stable 

Improvement/ 

Stable 

Improvement/ 

Stable 

Improvement/ 

Stable 

Improvement 

Improvement Improvement Improvement Any value Any value Improvement 

Stable Stable Stable Stable Stable Stable 

Worsening Worsening/ 

Stable 

Worsening/ 

Stable 

Worsening/ 

Stable 

Worsening/ 

Stable 

Worsening 

Worsening Worsening Worsening Any value Any value Worsening 

Worsening Worsening Worsening Worsening Worsening Worsening 

 

6.1.2.1 Stability index 

The stability index was defined in this evaluation as a measurement of the stability of a 

patient’s health condition at a specific moment in time based on the values of three 

parameters: heart rate, potassium level and creatinine value. It was determined 

following the procedure explained above. 

First, the measurements gathered for each of these parameters were compared to 

predefined ranges and rules in order to classify them in terms of stability (i.e. as “within 

range” or “out of range” – see Table 6.1). The following figure shows the number of 

patients that presented values within and of range for each of these 3 parameters, both 

at baseline and at the end of the study: 
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Figure 6.5: Individual parameters range classification (baseline and exit) (n=57) 

Based on this classification, the calculation of the stability index was done for the whole 

set of patients (n=57), both at baseline and at the end of the study. The percentage of 

patients under each stability category is presented in the following figure: 

 

Figure 6.6: Stability index values (baseline and exit) (n=57) 

In the global group, we can observe that 37% of the patients showed a worse stability 

index at exit compared to baseline (21% reduction in the “mostly-stable” category, and 

16% increase in the mostly non-stable category), while only 12% presented a better one 

(8% increase in “stable” category, and 4% reduction in “non-stable” category). 

This analysis has been also done in each of the defined groups, with the purpose to 

assess if there was any difference with the global analysis. 
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Group 1 

The following figure shows the number of patients within Group 1 that presented values 

“within range” and “out of range” for each of the three considered parameters, both at 

baseline and at the end of the study.  

 

Figure 6.7: Individual parameters range classification in Group 1 (baseline and exit) (n=18) 

The results of the calculation of the stability index are shown in the following figure: 

 

Figure 6.8: Stability index at baseline and exit for Group 1 (n=18) 

 

Group 2 

The following figure shows the number of patients within Group 2 that presented values 

“within range” and “out of range” for each of the 3 considered parameters, both at 

baseline and at the end of the study.  
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Figure 6.9: Individual parameters range classification in Group 2 (baseline and exit) (n=25) 

The results of the calculation of the stability index are shown in the following figure: 

 

Figure 6.10: Stability index in Group 2 (baseline and exit) (n=25) 

Group 3 

The following figure shows the number of patients in Group 3 that presented values 

“within range” and “out of range” for each of the 3 considered parameters, both at 

baseline and at the end of the study.  

 
Figure 6.11: Individual parameters range classification in Group 3 (baseline and exit) (n=14) 
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The results of the calculation of the stability index are shown in the following figure: 

 

Figure 6.12: Stability index in Group 3 (baseline and exit) (n=14) 

6.1.2.2 Health status evolution 

The health status evolution index assesses changes in the patients’ health condition in 

terms of stability, comparing the values of the different parameters in two different 

moments in time. The index was computed following a similar process than the one 

used for obtaining the stability index, (see section 6.1.2 for further details). However, in 

this case, the calculation did not just consider one moment in time, but the comparison 

between two different ones (baseline and exit). Additionally, it involved the five 

parameters considered in the quantitative analysis (i.e. heart rate, potassium levels, 

creatinine values, NT-proBNP, and weight) 

 

Figure 6.13: Individual parameter evolution at exit (compared to baseline) (n=57) 
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The first step was to conduct a comparison between the values obtained at baseline 

and at the end of the study for each of the 5 parameters, in order to determine if there 

was an improvement, a worsening or no change in each of them. The results of this 

comparison are shown in Figure 6.13. 

Based on these results (Figure 6.13), the global health status evolution of a patient was 

calculated based on the combination of the individual parameter evolution of the five 

parameters according to the criteria shown in Table 6.1. 

After assessing the stability index and health status evolution for all patients (n=57), we 

determined that a total number of 39 patients (68%) showed an improvement in their 

health status at exit compared to baseline, while 18 patients (32%) showed a worsening. 

The following table summarizes these results for the patients in the different groups: 

Table 6.6: Classification of patients according to their health status evolution at exit (n=57) 

Group of patients Total number of 

patients 

Improvement in 

health status 

Worsening in health 

status 

n % n % n % 

Group 1 (Phase A) 18 32% 14 72% 4 28% 

Group 2 (Phase C) 25 44% 15 60% 10 40% 

Group 3 (Phase D) 14 25% 10 72% 4 29% 
 

Total 57 100% 39 68% 18 32% 

 

The qualitative analysis aimed to tackle one of the main objectives of this thesis: to 

assess the effect that the use of the HFM system has on the patients’ self-perception of 

their health and wellbeing status. It comprised the evaluation of different qualitative 

data collected in the various phases of the clinical study by means of questionnaires. 

These questionnaires were answered by the patients themselves and, thus, they 

provided the basis to determine the patient’s own perception of their health status and 

wellbeing at a specific moment in time. 

The parameters evaluated in this analysis included quality of life, wellbeing, self-care, 

knowledge, anxiety and depression, and user experience. All of them were assessed at 

the beginning of the study (baseline) and at the end of the study (exit), and some of 

them at the end of some of the phases (see Section 3.1.3). Each of these aspects has 

been assessed using different questionnaires as follows: 
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1) EQ-5D: to assess wellbeing or health state (mobility, self-care, usual activities, 

pain/discomfort, anxiety/depression). 

2) KCCQ: to assess quality of life. 

3) HADS: to assess anxiety and depression. 

4) DHFKS: to assess knowledge. 

5) EHFScB: to assess self-care. 

6) User experience questionnaires: to assess usability, acceptability and 

satisfaction. 

The details and content for each of these questionnaires can be found in Chapter 3: 

Methods and Materials. 

 

6.1.3.1 Wellbeing level or health status (EQ-5D)  

The EQ-5D is a standardized non-disease specific instrument for describing and valuing 

health-related quality of life (see Chapter 3 for further details). In the clinical study, the 

EQ-5D questionnaire has been administered at baseline, at exit, and at the end of each 

phase. It provided information about the self-perceived health status of patients in 5 

categories (mobility, self-care, activity, pain, and anxiety) and well as a global general 

perception of their health state (EQ VAS) at a specific moment of time. 

For each of the previously mentioned categories, the patients have been grouped 

according to the following classification: 

 No problems  

 Slight problems  

 Moderate problems  

 Severe problems  

 Extreme problems 

The reported status has been analysed for the whole set of patients and, also, 

individually in each of the three defined groups. In all cases the values obtained at 

baseline and at exit are provided.  

Global analysis 

The following figures show the percentage of patients that reported different levels of 

problems (i.e. no problems, slight, moderate, severe, and extreme problems) in each of 

the categories assessed by the EQ-5D questionnaire (i.e. mobility, self-care, activity, 
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pain and anxiety), both at baseline and at exit. The number of patients that did not 

respond to the questionnaire is also included. 

 

Figure 6.14: Global EQ-5D results at baseline (n=57) 

 

Figure 6.15: Global EQ-5D results at exit (n=57) 

The values obtained in these two moments (baseline and exit) have been compared in 

order to assess the evolution of all patients participating in the study. The following 

figures show the percentage of patients who declared to suffer different levels of 

problems (no problems, slight, moderate, severe, and extreme problems) related with 

each of the dimensions of the EQ-5D scale, both at baseline and exit. 
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Figure 6.16: EQ-5D baseline-exit comparison classified by severity of problems (n=57) 

 

 

Figure 6.17: EQ-5D baseline-exit comparison (no problems) (n=57) 

As it was done in the quantitative analysis, the values obtained in each of the categories 

of the EQ-5D questionnaire at exit were compared with the ones obtained at baseline 

in order to assess in the patients had experienced an improvement, a worsening or no 

change in their self-perceived wellbeing status. The following table shows the number 

and percentage of patients in each of these categories: 
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Table 6.7: EQ-5D at exit compared to baseline (n=57) 

EQ-5D at exit 

compared to 

baseline 

 M
O

B
IL

IT
Y

 

 S
EL

FC
A

R
E

 

 A
C

TI
V

IT
Y

 

 P
A

IN
 

 A
N

X
IE

TY
 

Improvement 15 (26%) 10 (18%) 8 (14%) 11 (19%) 12 (21%) 

No change 29 (51%) 37 (65%) 28 (49%) 33 (58%) 29 (51%) 

Worsening 13 (23%) 10 (18%) 21 (37%) 13 (23%) 16 (28%) 

 

 

Analysis per Groups 

Group 1 

In this group, the values obtained at exit coincide with the ones obtained at the end of 

phase A. The following figures show the number of patients that reported different 

severity of problems both at baseline and at exit. The number of patients that did not 

respond to the questionnaire is also included. The total number of participants included 

in this group was 18. 

 

Figure 6.18: EQ-5D results for Group 1 at baseline (n=18) 
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Figure 6.19: EQ-5D results for Group 1 at exit (n=18) 

The values obtained in these two moments (baseline and exit) have been compared in 

order to assess the evolution of patients. This has been done classifying the patients by 

severity of problems (no problems, slight, moderate, severe, and extreme problems) 

and by EQ-5D category (mobility, self-care, activity, pain and anxiety). 

Thus the following graphs show the percentage of patients the declared “no problems” 

in each category, both at baseline and exit. The same has been done for the patients 

who declared to suffer different severity of problems (i.e. slight, moderate, severe and 

extreme). The patients who did not answer to the questionnaire are not included in 

these graphs. 

 

Figure 6.20: EQ-5D baseline-exit comparison in Group 1 (no problems) (n=18) 
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Figure 6.21: EQ-5D baseline-exit comparison classified by limitations/problems in Group 1 (n=18) 

 

Group 2 

In this group, patients responded to the EQ-5D questionnaire at baseline and at the end 

of the study (at the end of phase C). The following figures show the number of patients 

that reported different level of problems (no problems, slight, moderate, severe, and 

extreme problems) in each of these moments. The number of patients that did not 

respond to the questionnaire is also included. The total number of participants included 

in this group was 25. 
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Figure 6.22: EQ-5D results for Group 2 at baseline (n=25) 

 

Figure 6.23: EQ-5D results for Group 2 at exit (n=25) 

 

As it was done in the previous group, the values obtained at baseline and at exit have 

been compared in order to assess the evolution of patients.  

Thus the following graphs show the percentage of patients the declared “no problems” 

in each category, both at baseline and exit. The same has been done for the patients 

who declared to suffer different severity of problems (i.e. slight, moderate, severe and 

extreme). The patients who did not answer are not included in these graphs. 
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Figure 6.24: EQ-5D baseline-exit comparison in Group 2 (no problems) (n=25) 

 

 

 

Figure 6.25: EQ-5D baseline-exit comparison classified by limitations/problems in Group 2 (n=25) 

 

Group 3 

Like in the previous group, patients responded to the EQ-5D questionnaire at baseline 

and at exit (after completing phase D). The following figures show the number of 

patients that reported different levels of problems (no problems, slight, moderate, 

severe, and extreme problems) in each of these moments. The percentage of patients 
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that did not respond to the questionnaire is also included. The total number of 

participants included in this group was 14. 

 

Figure 6.26: EQ-5D results for Group 3 at baseline (n=14) 

 

Figure 6.27: EQ-5D results for Group 3 at exit (n=14) 

The values obtained at baseline and at exit have been compared in order to assess the 

evolution of patients. Thus the following graphs classify the patients by the severity of 

problems in each category. The patients who did not answer are not included in these 

graphs. 
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Figure 6.28: EQ-5D baseline-exit comparison classified by limitations/problems in Group 3 (n=14) 

 

 

Figure 6.29: EQ-5D baseline-exit comparison in Group 3 (no problems) (n=14) 
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Finally, the analysis of the EQ-VAS for all the patients in the dataset and the different 

groups is shown in the following figures: 

  

Figure 6.30: EQ-VAS baseline-exit comparison (n=57) 

 

Figure 6.31: EQ-VAS baseline-exit comparison in Group 1 (n=18) 

 

Figure 6.32: EQ-VAS baseline-exit comparison in Group 2 (n=25) 
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Figure 6.33: EQ-VAS baseline-exit comparison in Group 3 (n=14) 

 

6.1.3.2 Quality of life (KCCQ) 

The Kansas City Cardiomyopathy Questionnaire (KCCQ) is the leading health-related 

quality-of-life measure for patients with congestive heart failure (see Chapter 3 for 

further details). 

The questionnaire allows calculating scores in seven scales or aspects (i.e. Physical 

Limitation, Symptom Stability, Symptom Frequency, Symptom Burden, Social 

Limitation, Self-Efficacy, and Quality of Life) and three summary scores (i.e. Total 

Symptom, Clinical Summary, and Overall Summary). Each of these aspects is rated on a 

scale from 1 to 100 (being 100 the value corresponding to no limitations or no problems 

and 1 the one corresponding to extreme limitations or problems).  

For the purpose of this thesis, the patients’ data scores in each category have been 

grouped according to their self-expressed limitations or problems as follows: 

 No problems (score 81-100) 

 Slight problems (score 61-80) 

 Moderate problems (score 41-60) 

 Severe problems (score 21-40) 

 Extreme limitations (score 1-20) 

 No answer provided (score 0) 

This classification is aligned with the KCCQ questionnaire itself, as it defines five levels 

in each of the considered categories. 
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The results of the KCCQ questionnaire have been analysed for the whole set of patients 

and, also, individually in each of the defined groups. In all cases the values for baseline 

and exit are provided.  

Global analysis 

The following figures show the number of patients that reported limitations according 

to the classification defined above (i.e. no problems, slight, moderate, severe, and 

extreme problems) for each of the aspects considered in the KCCQ questionnaire, both 

at baseline and at exit. The number of patients that did not respond to the questionnaire 

is also included. 

 

Figure 6.34: KCCQ results for all patients at baseline (n=57) 
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Figure 6.35: KCCQ results for all patients at exit (n=57) 

The values obtained in these two moments in time (baseline and exit) have been also 

compared in order to assess the evolution of patients. This has been done classifying 

the patients by severity of limitations (no problem, slight, moderate, severe and 

extreme problems) and by KCCQ category (Physical Limitation, Symptom Stability, 

Symptom Frequency, Symptom Burden, Social Limitation, Self-Efficacy, and Quality of 

Life, Total Symptom, Clinical Summary, and Overall Summary). 

Thus, the following graphs show the results of this classification. The percentages are 

calculated based on the total number of patients participating in the group (n=57), but 

the patients who did not answer the questions are not included in these graphs (see 

Table 6.8). 

Table 6.8: Patients in the study (n=57) who did not answer to the KCCQ questionnaire  
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No answer 

(baseline) 

0 (0%) 2 (11%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 4(22%) 0(0%) 0 (0%) 

No answer 

(exit) 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(6%) 0(0%) 1 (6%) 

Note: the table represents the number of patients and percentage over the total number in the 

group (n=57) classified by category at baseline and exit  
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Figure 6.36: KCCQ baseline-exit comparison in patients with “no problems” (n=57) 

 

Figure 6.37: KCCQ baseline-exit comparison in patients with “slight problems” (n=57) 

 

Figure 6.38: KCCQ baseline-exit comparison in patients with “moderate problems” (n=57) 
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Figure 6.39: KCCQ baseline-exit comparison in patients with “severe problems” (n=57) 

 

Figure 6.40: KCCQ baseline-exit comparison in patients with “extreme problems” (n=57) 

As it was done in the quantitative analysis, the values obtained in each of the categories 

of the KCCQ questionnaire at exit were compared with the ones obtained at baseline in 

order to assess if the patients had experienced an improvement, a worsening or no 

change in their self-perceived quality of life. The following table shows the number and 

percentage of patients in each of these categories: 

Table 6.9: KCCQ results at exit, compared with baseline (n= 57) 

KCCQ at exit compared 

to baseline (number of 

patients/ percentage) 
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KCCQ at exit compared 

to baseline (number of 

patients/ percentage) 
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Improvement 38 
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(53%) 
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(46%) 
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(33%) 

16 

(28%) 

35 

(60%) 

30 

(53%) 

37 

65%) 

 

Analysis per Groups 

Group 1 

In this group, the values obtained at exit coincide with the ones obtained at the end of 

phase A. The following figures show the number of patients that reported different 

levels of limitations according to the classification defined above (i.e. no problems, 

slight, moderate, severe and extreme problems) for each of the aspects considered in 

the questionnaire, both at baseline and at exit. The number of patients that did not 

respond to the questionnaire is also included. The total number of participants included 

in this group was 18. 

 

Figure 6.41: KCCQ results for Group 1 at baseline (n=18) 
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Figure 6.42: KCCQ results for Group 1 at exit (n=18) 

The values obtained in these two moments in time (baseline and exit) have been also 

compared in order to assess the evolution of patients. This has been done classifying 

the patients by severity of limitations (no problem, slight, moderate, severe and 

extreme problems) and by KCCQ category (Physical Limitation, Symptom Stability, 

Symptom Frequency, Symptom Burden, Social Limitation, Self-Efficacy, and Quality of 

Life, Total Symptom, Clinical Summary, and Overall Summary). 

Thus, the following graphs show the results of this classification for patients in Group 1. 

The percentages are calculated based on the total number of patients participating in 

the group (n=18), but the patients who did not answer the questions are not included 

in these graphs (see Table 6.10). 

Table 6.10: Patients in Group 1 (n=18) who did not answered to the KCCQ questionnaire      
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(0%) 
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(6%) 
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(0%) 
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Note: the table represents the number of patients and percentage over the total number in the 

group (n=18) classified by category at baseline and exit 
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Figure 6.43: KCCQ baseline-exit comparison in Group 1 (no problems) (n=18) 

 

Figure 6.44: KCCQ baseline-exit comparison in Group 1 (slight problems) (n=18) 

 

Figure 6.45: KCCQ baseline-exit comparison in Group 1 (moderate problems) (n=18) 
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Figure 6.46: KCCQ baseline-exit comparison in Group 1 (severe problems) (n=18) 

 

Figure 6.47: KCCQ baseline-exit comparison in Group 1 (extreme problems) (n=18) 

 

Group 2 

In this group, the values obtained at exit for the KCCQ questionnaire coincide with the 

ones obtained at the end of phase C. The following figures show the number of patients 

that showed different levels of problems both at baseline and at exit. The total number 

of participants included in this group was 25, and the number of patients that did not 

respond to the questionnaire is also included. 
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Figure 6.48: KCCQ results for Group 2 at baseline (n=25) 

 

Figure 6.49: KCCQ results for Group 2 at exit (n=25) 

The values obtained at baseline and exit have been compared in order to assess the 

evolution of patients. This has been done classifying the patients by severity of 

problems (no problem, slight, moderate, severe and extreme problems) and by KCCQ 
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category (Physical Limitation, Symptom Stability, Symptom Frequency, Symptom 

Burden, Social Limitation, Self-Efficacy, and Quality of Life, Total Symptom, Clinical 

Summary, and Overall Summary). 

Thus, the following graphs show the percentage of patients that declared “no 

problems” in each category, both at baseline and exit. The same has been done for the 

patients who declared to suffer “slight problems”, “moderate problems”, “severe 

problems” and “extreme problems”. The percentages are calculated over the total 

number of patients participating in the group (n=25), and the patients who did not 

answer the questions are not included in these graphs (see Table 6.11). 

Table 6.11: Patients in Group 2 (n=25) who did not answered to the KCCQ questionnaire  
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No answer 
(baseline) 

0 
(0%) 

1 
(4%) 

1 
(4%) 

1 
(4%) 

1 
(4%) 

0 
(0%) 

1 
(4%) 

3 
(12%) 
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(0%) 
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(0%) 

No answer (exit) 
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(0%) 
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(0%) 
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(0%) 

1 
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Note: the table represents the number of patients and percentage over the total number in the 

group (n=25) classified by category at baseline and exit  

 

 

Figure 6.50: KCCQ baseline-exit comparison in Group 2 (no problems) (n=25) 



  VALIDATION AND DISCUSSION 

AN ICT-BASED CLOSED-LOOP MODEL TO IMPROVE CARE FOR HEART FAILURE PATIENTS 181 

 

 

Figure 6.51: KCCQ baseline-exit comparison in Group 2 (slight problems) (n=25) 

 

Figure 6.52: KCCQ baseline-exit comparison in Group 2 (moderate problems) (n=25) 

 

Figure 6.53: KCCQ baseline-exit comparison in Group 2 (severe problems) (n=25) 
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Figure 6.54: KCCQ baseline-exit comparison in Group 2 (extreme problems) (n=25) 

Group 3 

Like in the previous group, patients responded to the KCCQ questionnaire at baseline 

and at the end of the study (in this case at the end of phase D).  

The following figures show the number of patients that reported limitations according 

to the classification defined at the beginning of this section (i.e. no problems, slight, 

moderate, severe and extreme problems) for each of the aspects considered in the 

questionnaire both at baseline and at exit. The number of patients that did not respond 

to the questionnaire is also included. The total number of participants included in this 

group was 14. 

 
Figure 6.55: KCCQ results for Group 3 at baseline (n=14) 
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Figure 6.56: KCCQ results for Group 3 at exit (n=14) 

The values obtained at baseline and exit have been compared in order to assess the 

evolution of patients. This has been done classifying the patients by severity of 

problems (no problem, slight, moderate, severe and extreme problems) and by KCCQ 

category (Physical Limitation, Symptom Stability, Symptom Frequency, Symptom 

Burden, Social Limitation, Self-Efficacy, and Quality of Life, Total Symptom, Clinical 

Summary, and Overall Summary). 

Thus, the following graphs show the percentage of patients that declared “no 

problems” in each category, both at baseline and exit. The same has been done for the 

patients who declared to suffer “slight problems”, “moderate problems”, “severe 

problems” and “extreme problems”. The percentages are calculated over the total 

number of patients participating in the group (n=14), and the patients who did not 

answer the questions are not included in these graphs (all patients responded to the 

questionnaire at baseline; at exit, only in the categories of “social limitation” and 

“clinical summary score”, 3 patients, 21% of the total, did not answer the 

questionnaires). 



VALIDATION AND DISCUSSION  

 

184 AN ICT-BASED CLOSED-LOOP MODEL TO IMPROVE CARE FOR HEART FAILURE PATIENTS 

 

 

Figure 6.57: KCCQ baseline-exit comparison in Group 3 (no problems) (n=14) 

 

Figure 6.58: KCCQ baseline-exit comparison in Group 3 (slight problems) (n=14) 

 

Figure 6.59: KCCQ baseline-exit comparison in Group 3 (moderated problems) (n=14) 
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Figure 6.60: KCCQ baseline-exit comparison in Group 3 (severe problems) (n=14) 

 

Figure 6.61: KCCQ baseline-exit comparison in Group 3 (severe problems) (n=14) 

6.1.3.3 Anxiety and Depression (HADS) 

The Hospital Anxiety and Depression Scale (HADS) is an instrument that allows the 

identification of cases (possible and probable) of anxiety disorders and depression (see 

Chapter 3 for further details). It has been used in the clinical study to evaluate the level 

of anxiety, depression and emotional distress of patients. 

Anxiety and depression are rated on a scale from 0 to 21 (being 0 the value 

corresponding to no problems and 21 the one corresponding to severe problems). For 

the analysis, the patients’ data scores in each category have been grouped according to 

their problems as follows:  

 Normal (score 0-7). 
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 Mild (score 8-10). 

 Moderate (score 11-14). 

 Severe (score 15-21). 

The HADS questionnaire has been administered to the patients participating in the 

study at baseline, and at the end of phases A and C.  

Global analysis 

The results of the HADS questionnaire have been analysed for the whole dataset of 

patients (n=57) both at baseline and at exit (55 patients had valid data and 2 patients 

had missing data). The following table shows the results obtained for each of the 

categories of the questionnaire.  

Table 6.12: HADS results at baseline and exit (n= 57) 

  Anxiety Depression Emotional distress 

  # patients % patients # patients % patients # patients % patients 

Baseline Normal 36 63,2% 42 73,7% 40 70,2% 

Mild  13 22,8% 9 15,8% 12 21,1% 

Moderate 6 10,5% 3 5,3% 3 5,3% 

Severe 0 0,0% 1 1,8% 0 0,0% 

N/A 2 3,5% 2 3,5% 2 3,5% 

Exit Normal 46 80,7% 46 80,7% 47 82,5% 

Mild  8 14,0% 8 14,0% 6 10,5% 

Moderate 1 1,8% 0 0,0% 2 3,5% 

Severe 0 0,0% 1 1,8% 0 0,0% 

N/A 2 3,5% 2 3,5% 2 3,5% 

 

 

Figure 6.62: HADS results for all patients at baseline (n=57) 
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The values represented in the following graph correspond to the ones collected at exit 

for all patients. These have been gathered in different moments in time for each of the 

groups: Group 1 (at the end of phase A), and Groups 2 and 3 (at the end of phase C).  

 

Figure 6.63: HADS results for all patients at exit (n=57) 

The values obtained at exit for each of the two scales (anxiety and depression) and the 

total values, have been compared with the ones obtained at baseline, in order to assess 

the evolution of the patients, both by severity of problems and by HADS subscale. 

 

 

 

Figure 6.64: HADS baseline-exit comparison classified by problems for all patients (n=57) 
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As it was done in the quantitative analysis, the values obtained in each of the categories 

of the HADS questionnaire at exit were compared with the ones obtained at baseline in 

order to assess in the patients had experienced an improvement, a worsening or no 

change in anxiety and/or depression related aspects. The following table shows the 

number and percentage of patients in each of these categories: 

Table 6.13: Comparison of HADS results at exit and at baseline (n= 57) 

 Anxiety Depression Total 

 # patients % patients # patients % patients # patients % patients 

Worsening 21 36,8% 15 26,3% 17 29,8% 

No changes 10 17,5% 8 14,0% 6 10,5% 

Improvement 24 42,1% 32 56,1% 32 56,1% 

N/A 2 3,5% 2 3,5% 2 3,5% 

 

 

Analysis per Groups 

Group 1 

In this group, the values obtained at exit coincide with the ones obtained at the end of 

phase A. The following figures show the percentage of patients that reported different 

levels of problems both at baseline and at exit. The percentage of patients that did not 

respond to the questionnaire is also included. The total number of participants included 

in this group was 18. 

 

Figure 6.65: HADS results for Group 1 at baseline (n=18) 
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Figure 6.66: HADS results for Group 1 at exit (n=18) 

The values obtained at baseline and exit have been compared in order to assess the 

evolution of patients. This has been done classifying the patients by severity of 

problems (normal, mild, moderate and severe) and by HADS subscale (Anxiety, 

Depression and Emotional Distress). 

Thus, the following graphs show these results. The percentages are calculated over the 

total number of patients participating in the group (n=18), and the patients who did not 

answer the questions are not included in these graphs (1 patient in each scale, 6% of 

the total). 

 

 

Figure 6.67: HADS baseline-exit comparison classified by problems in Group 1 (n=18) 
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Groups 2 and 3 

In the case of HADS analysis, the groups 2 and 3 have been analysed together, as the 

patients included in Group 3 did not answered to the HADS questionnaire at exit (the 

last time that it was administered was at the end of phase C). Therefore, the 

comparative analysis will consider the data obtained at the end of phase C and at 

baseline. 

The following figures show the percentage of patients that reported different levels of 

problems both at baseline and at the end of phase C. The percentage of patients that 

did not respond to the questionnaire is also included. The total number of participants 

included in this group was 39 (25 in Group 2 and 14 in Group 3). 

 

Figure 6.68: HADS results for groups 2&3 at baseline (n=39) 

 

Figure 6.69: HADS results for groups 2&3 at exit (n=39) 

The values obtained in these two moments of time (at baseline and at the end of phase 

C) have been compared in order to assess the evolution of patients. This has been done 
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classifying the patients by severity of problems (normal, mild, moderate and severe) 

and by HADS subscale (Anxiety, Depression and Emotional Distress). 

Thus, the following graphs show these results. The percentages are calculated over the 

total number of patients participating in the groups (n=39). Patients who did not answer 

the questions are not included in these graphs, but in this case this number was 0 (all 

patients provided an answer to this questionnaire). 

 

 

Figure 6.70: HADS baseline-exit comparison classified by problems for patients in groups 2&3 (n=39) 

 

6.1.3.4 Knowledge level (DHFKS) 

The Dutch Heart Failure Knowledge Scale (DHFKS) is an instrument conceived to 

measure the knowledge of heart failure patients about their disease (see Chapter 3 for 

further details). In the clinical study, a simplified version of this questionnaire has been 

administered, including only the first 8-questions.  
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The scale considered a scoring range from 0 to 8, being 8 the one indicating highest level 

of knowledge and 0 the lowest. For the analysis, the following values for level of 

knowledge have been considered: 

 High: minimum 7 questions, out of 8, answered correctly (score 7 or 8). 

 Moderate: between 5 and 6 questions, out of 8, answered correctly (score 5 or 

6). 

 Low: between 3 and 4 questions, out of 8, answered correctly (score 5 or 6). 

 Very low: between 0 and 2 questions, out of 8, answered correctly (score 0 to 

2). 

The DHFKS has been administered only in two moments in time: at baseline and at the 

end of the study.  

Global analysis 

The results of the DHFKS questionnaire have been analysed for a total number of 57 

patients, 52 patients had valid data and 5 patients had missing data at exit (thus, their 

registries were considered invalid). The following figure shows the results obtained in 

this DHFKS questionnaire at baseline and at exit for the whole patients’ dataset (n=57). 

 

Figure 6.71: DHFKS results for all patients at baseline and exit (n=57) 

The scores obtained at exit for this scale have been compared with the ones measured 

at baseline for each patient, in order to assess their evolution in time regarding 

knowledge. The following figure shows the percentage of patients that showed an 

improvement, worsening or no change in their knowledge scores at exit compared to 

baseline. It also shows the percentage of patients that presented different levels of 

knowledge (high, moderate, low and very low) at baseline and at exit. 
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Figure 6.72: DHFKS baseline-exit comparison for all patients (n=57) 

 

Analysis per Groups 

Group 1 

In this group, the values obtained at exit coincide with the ones obtained at the end of 

phase A. The following figure shows the number of patients classified according to their 

level of knowledge (based on the classification above) at baseline and at exit. The 

number of patients that did not respond to the questionnaire is also included. The total 

number of participants included in this group was 18. 

 

Figure 6.73: DHFKS results for Group 1 at baseline and exit (n=18) 

The values obtained at baseline and at exit have been compared in order to assess the 

evolution of patients. The following graphs show the number of patients that showed 

an increase, maintenance, decrease of knowledge, as well as the number of patients in 

each moment in time classified by level of knowledge. 
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Figure 6.74: DHFKS baseline-exit comparison for patients in Group 1 (n=18) 

Group2 

In this group, the values obtained at exit coincide with the ones obtained at the end of 

phase C. The following figure shows the number of patients classified according to their 

level of knowledge (based on the classification above) at baseline and at exit. The 

number of patients that did not respond to the questionnaire is also included. The total 

number of participants included in this group was 25. 

 

Figure 6.75: DHFKS results for group 2 at baseline and exit (n=25) 

The values obtained at baseline and at exit have been compared in order to assess the 

evolution of patients. The following graphs show the number of patients that showed 

an increase, maintenance, decrease of knowledge, as well as the number of patients in 

each moment in time classified by level of knowledge. 
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Figure 6.76: DHFKS baseline-exit comparison for patients in Group 2 (n=25) 

Group 3 

In this group, the values obtained at exit coincide with the ones obtained at the end of 

phase D. The following figure shows the number of patients classified according to their 

level of knowledge (based on the classification above) at baseline and at exit. The 

number of patients that did not respond to the questionnaire is also included. The total 

number of participants included in this group was 14. 

 

Figure 6.77: DHFKS results for Group 3 at baseline and exit (n=14) 

The values obtained at baseline and at exit have been compared in order to assess the 

evolution of patients. The following graphs show the number of patients that showed 

an increase, maintenance, decrease of knowledge, as well as the number of patients in 

each moment in time classified by level of knowledge. 
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Figure 6.78: DHFKS baseline-exit comparison for patients in Group 3 (n=14) 

 

6.1.3.5 Self-care behaviour (EHFScB) 

The European Heart Failure Self-care Behaviour Scale (EHFScB scale) is a questionnaire 

that evaluates the effectiveness of interventions on self-care behaviours of heart failure 

patients (see Chapter 3 for further details). In the clinical study, the 9-item version of 

this instrument has been used to evaluate the perceived level of self-care in patients. 

The standard EHFScBS-9 provides a global score (from 9 to 45) that is obtained adding 

the individual scores obtained in each question (from 1 to 5). Thus, the total score in 

the scale can range between 9 and 45, being the lower values an indication of better 

self-care. In this clinical study, a reversed standardised score of the EHFScBS-9 was used 

for the assessment of this scale, with a higher score on a scale of 0 - 100 meaning better 

self-care. This modification of the scale allows a better understanding of the results as 

well as the comparison with other instruments. 

Therefore, for the analysis of this questionnaire, the following categories for self-care 

have been considered: 

 Score 81-100: no problems. 

 Score 61-80: slight problems. 

 Score 41-60: moderate problems. 

 Score 21-40: severe problems. 

 Score 1-20: extreme problems. 

 Score 0: no answer provided. 
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The patients participating in the clinical study answered to this questionnaire only in 

two moments in time: at baseline and at the end of the study. 

Global analysis 

The answers to the EHFScBS questionnaire have been analysed for a total number of 57 

patients, 51 of them had valid data and 6 patients had missing data. The following figure 

shows the results obtained in this questionnaire at baseline and at exit for the whole 

patients’ dataset (n=57). 

 

Figure 6.79: EHFScB results for all patients at baseline and exit (n=57) 

The scores obtained at exit for this scale have been compared with the ones measured 

at baseline for each patient, in order to assess their evolution in time regarding self-care 

behaviour. The following figure shows the percentage of patients that showed an 

improvement, worsening or no change in their scores at exit compared to baseline (it 

includes information of missing data), as well as the number of patients who reported 

different levels of problems in self-care at baseline and at exit.   

 

Figure 6.80: EHFScB baseline-exit comparison for all patients (n=57) 
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Analysis per Groups 

Group 1 

In this group, the values obtained at exit coincide with the ones obtained at the end of 

phase A. The following figure shows the number of patients that reported limitations in 

terms of self-care according to the classification defined above (i.e. no problems, slight, 

moderate, severe and extreme problems) both at baseline and at exit. The number of 

patients that did not respond to the questionnaire is also included. The total number of 

participants included in this group was 18. 

 

Figure 6.81: EHFScB results for Group 1 at baseline and exit (n=18) 

As it was done in the global analysis, the scores obtained at exit for this scale have been 

compared with the ones measured at baseline for each patient in the group, in order to 

assess their evolution in time regarding self-care behaviour. The following figure shows 

the percentage of patients that showed an improvement, worsening or no change in 

their scores at exit compared to baseline, as well as the number of patients who 

reported different levels of problems in self-care at baseline and at exit.   

 

Figure 6.82: EHFScB baseline-exit comparison for patients in Group 1 (n=18) 
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Group2 

In this group, the values obtained at exit coincide with the ones obtained at the end of 

phase C. The following figure shows the number of patients classified according to their 

level of perceived self-care (based on the classification above) at baseline and at exit. 

The number of patients that did not respond to the questionnaire is also included. The 

total number of participants included in this group was 25. 

 

Figure 6.83: EHFScB results for Group 2 at baseline and exit (n=25) 

The values obtained at baseline and at exit have been compared in order to assess the 

evolution of patients in time in terms of self-care behaviour. The following graphs show 

the percentage of patients in Group 2 that showed an improvement, maintenance, 

worsening of perceived self-care levels, as well as the number of patients who reported 

different levels of problems in self-care at baseline and at exit.   

 

Figure 6.84: EHFScB baseline-exit comparison for patients in Group 2 (n=25) 
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Group 3 

In this group, the values obtained at exit coincide with the ones obtained at the end of 

phase D. The following figure shows the number of patients classified according to their 

level of perceived self-care (based on the classification above) at baseline and at exit. 

The number of patients that did not respond to the questionnaire is also included. The 

total number of participants included in this group was 14. 

 

Figure 6.85: EHFScB baseline-exit comparison for patients in Group 3 (n=14) 

The values obtained at baseline and at exit have been compared in order to assess the 

evolution of patients in time in terms of self-care behaviour. The following graph shows 

the percentage of patients in Group 3 that showed an improvement, maintenance, 

worsening of perceived self-care levels, as well as the number of patients who reported 

different levels of problems in self-care at baseline and at exit.   

 

Figure 6.86: EHFScB baseline-exit comparison for patients in Group 3 (n=14) 
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6.1.3.6 User experience questionnaires 

The user experience questionnaire has been designed and included in the clinical 

protocol to measure the acceptance of the HFM system and its specific functionalities 

(monitoring, questionnaires, medication management, education and motivation, etc.). 

It also aimed to gather the patients’ impressions, problems and remarks, as well as to 

check if the system has some missing functionalities for the patients. 

To achieve this goal, two main questionnaires have been scheduled during the clinical 

study: one at the end of Phase A, after the patients had their first contact and 

experience with the HFM system, and another one at the end of the study, when patient 

exited from the clinical study. Additionally, a small questionnaire was done at the end 

of phase B to assess the intermediate stage. 

As in the rest of the questionnaires, a total number of 57 patients was considered for 

analysing the user experience evaluation. All of them answered to the questionnaires 

at the end of phase A and at the end of the study, but only 39 of them (groups 2 and 3) 

responded to the questionnaire at the end of phase B.  

The user experience analysis has been done following an exploratory approach, 

considering each question individually. The statistics of the quantitative variables are 

presented using bar charts and percentages. For some questions that were asked 

repeatedly in different phases, the variation on time is shown.  

The questionnaires assessed the following aspects: patients’ technical background, 

general impression about the HFM system and its functionalities, easiness to use and fit 

in daily life, and effect on patients. All of these were evaluated at the end of the study, 

and some of them also in intermediate phases. Hereinafter, the results of this 

assessment are presented. 

Patients’ technical background 

The majority of the patients that participated in the study had previous experience with 

telemonitoring systems. Almost two thirds of the patients had used this kind of systems 

before (51% had used them for 1 to 3 months, 11% for 3-4 months and 5% for more 

than 6 months). However, there were also one third of them that had no previous 

experience with this type of systems (26%). 
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Figure 6.87: Technical background of participants in the clinical study (n=57) 

General impression about the HFM system 

At the end of the study, the patients were asked to rate whether and how much the 

HFM system had help them in different aspects related with the management of their 

disease. A great majority of patients thought that the system had helped them. All the 

aspects considered obtained positive answers from more than 50% of the patients. 

It seems that the HFM system has been very effective in helping patients to understand 

the importance of symptom monitoring (81% of the patients thought this), monitor 

their symptoms (91%), understand the importance of a low-salt diet (81%), and 

understand the importance of fluid restriction (75%). 

On the negative side, it seems that the system could improve in helping the patients 

with medication issues: 16% of the considered that the system did not helped them to 

take the medication as prescribed, and 11% of them did not feel that it had helped them 

to understand more about the medication.  

Additionally, there were also three aspects where a significant percentage of patients 

approximately had a neutral opinion about the system; take the medication as 

prescribed (28%), eat a low-salt diet (30%) and reduce the fluid intake (28%). Finally, 

10% of the patients did not answered to this final questionnaire (i.e. 5 patients). 



  VALIDATION AND DISCUSSION 

AN ICT-BASED CLOSED-LOOP MODEL TO IMPROVE CARE FOR HEART FAILURE PATIENTS 203 

 

 

Figure 6.88: Final scoring of the HFM system at the end of the study (n=57) 

The HFM system, as a whole, was considered very interesting by 94% of the patients, 

easy to use and not scary by 77% of them, and very pleasant by 70%. The worst valued 

aspect was if the system was stimulating, only 63% of patients considered that it was. 

Also, only 4% of patients thought that the system was scary, while 7% of them 

considered that it was difficult to use. Finally, 9% of patients rated the system as dull. 

In this last case 18% of patients gave a neutral answer. 

 

Figure 6.89: Subjective opinion about the HFM system at the end of the study (n=57) 
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When asking the patients if they considered that the HFM system had some missing 

features that could improve it, approximately 35% of them thought that there were no 

missing aspects, 21% of the patients considered that there were a few, and 7% thought 

that the system would need several additional options. None of the patient thought 

that the system missed a lot of features and approximately one fourth of them (23%) 

gave a neutral response. 

 

Figure 6.90: HFM system missing features (end of the study n=57) 

The patients were asked to indicate what missing features or options should be added 

to the system. In total, 33 patients answered to this question providing several and 

different answers. However, there was one option that should be improved that was 

mentioned by the majority of patients: the connectivity. Other aspects that could be 

improved according to the patients were to make the system faster, to add more videos, 

to improve some of the questionnaires to make them clearer, to make the system less 

time consuming, or to add recipes for cooking without salt.  

The majority of the patients participating in the study would likely recommend the use 

HFM system (88% of them scored 7 or higher on a scale from 1 to 10, being 10 the most 

likely option). Only 2% of the patients would not recommend the system. 
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Figure 6.91: Recommendation of the HFM system (end of the study n=57) 

Easiness of use  

In general, patients did not experience major difficulties in using HFM system, since the 

very beginning.  

At the end of phase A, only 21% of them (n=57) reported to have some problems using 

it: 12% with the TV menus and options, 2% understanding what they should do, and 7% 

for any other (non-specified) reasons. The majority of patients (75%) was able to use 

the system without any problem. 

 

Figure 6.92: Difficulty in using the HFM system assessed at the end of phase A (n=57) 

Additionally, 68% of the patients were able to use the system by themselves, without 

any external help. Some of them always required help for using it (12% every day and 

5% not every day). Finally, 11% of them required irregular help for some specific 

questions. 
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Figure 6.93: Required help for using the HFM system, assessed at the end of phase A (n=57) 

Easiness to fit into daily life 

At the end of phase A, almost all patients thought that the HFM system would easily fit 

into their daily lives (72%), although 19% of them considered that it was difficult to 

complete the proposed activities. Very few patients said that the system would not fit 

into their daily routines: 4% because they considered the system made them doing too 

many things. 

 

Figure 6.94: Easiness to fit into daily lives (end of phase A and exit) (n=57) 

These results changed a little bit at the end of the study. The great majority of patients 

still considered that the HFM system would easily fit into their daily lives (68%), but this 
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percentage was slightly lower than in the previous round. The percentage of patient 

that thought it was difficult to complete the proposed activities increased also up to a 

25%. Nonetheless, still very few patients said that the system would not fit into their 

daily routines, only 2% of them considered the system made them do too many things.  

Some of the reasons that the patients gave against an easy fit of the HFM system into 

their daily lives where that some of the activities were quite time consuming.  

Effect on health 

At the end of the study, 76% of the patients considered that that their health had 

improved, however, only 2/3 of them thought that it was due to their use of the HFM 

system. On the negative side, 18% of patients did not consider that their health was 

better. 

 

Figure 6.95: Self-perception of health evolution assessed at the end of the study (n=57) 

This specific question was analysed separately in the two groups of patients derived 

from the quantitative analysis (i.e. patients with positive and negative health status 

evolution). The results showed that, in the group of patients who had improved 

according to the objective analysis, only 13% of them (5 patients) did not felt that 

improvement. However, the majority of them did (87%, 34 patients), and half of them 

(21 patients) thought that the cause was the use of the HFM system. 

Additionally, in the group with negative health status evolution (according to the 

objective analysis) approximately half of the patients considered to have experienced 

an improvement (56%, 10 patients) and 44% of them (8 patients) thought that this 

improvement was due to their use of the HFM system.  
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Figure 6.96: Objective vs subjective health evolution comparison assessed (end of the study) (n=57) 

A high percentage of patients (83%) considered themselves able to cope with their 

condition at the end of the study, most of them attributed this to the use of the HFM 

system (75% of the total number of patients). In this case, only 12% of them did not felt 

that way. 

 

Figure 6.97: Self-perception of health condition management at the end of the study (n=57) 

At the end of phase A, the HFM system made 84% of the patients feel more confident 

in looking after their health than before starting the study, the majority of them thought 

that it was due to their use of the HFM system (72% of the total number of patients). 

There was a percentage of patients that felt more confident, but they declared that the 

HFM was not the reason for them to feel that way (12%). Finally, only 12% of the 

patients thought that the system had not made them feel more confident in looking 

after their health.  

These numbers improved slightly at the end of the study. Only 5% of the patients 

thought that the system had not made them feel more confident in looking after their 
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health. In total, 89% of the patients felt more confident, 75% thought that it was due to 

the use of the HFM system. 

 

Figure 6.98: Confidence in looking after own health (end of phase A and exit) (n=57) 

 

HFM system specific functionalities 

In terms of functionalities, the patients were asked to provide their option about their 

usefulness, interests, and easiness to use them. Some of these aspects were assessed 

both at the end of phase A and at the end of the study (e.g. medications support, 

symptom questionnaires, videos and tips on physical activity and diet, etc.). 

Medication 

At the end of phase A, almost all patients (91%) considered that the system support for 

adjusting medication was very helpful for their health. Only a small percentage of them 

did not like this feature: 2% of patients doubted it would be helpful for their health 

while 2% thought it was too complex. 
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Figure 6.99: Assessment of the adjusting medication functionality at the end of phase A (n=57) 

At the end of the study, the usefulness of this feature was assessed again. The messages 

about heart failure medication were highly appreciated by most of the patients. 

Approximately 70% of them rated them as easy to use (68%), useful for their health 

condition (70%) and very interesting (77%). However, only 51% of the patients thought 

that these messages were stimulating, whilst 32% of them had a neutral opinion about 

this characteristic of these messages. On the negative side, 9% of the patients 

considered these messages not useful for their health condition, 5% of them difficult to 

use, 4% not interesting and 2% dull.  

 

Figure 6.100:  Heart failure medication messages functionality, assessed at the end of the study 

(n=57) 

The assessment of the functionality about diuretics provided similar results. 

Approximately 70% of them rated them as easy to use (67%), useful for their health 

condition (65%) and very interesting (74%). Only 49% of the patients thought that these 
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messages were stimulating, whilst 30% of them had a neutral opinion about this 

characteristic of these messages. On the negative side, 11% of the patients considered 

these messages not useful for their health condition, 5% of them difficult to use, 5% not 

interesting and 4% dull.  

 

Figure 6.101: Diuretics messages functionality, assessed at the end of the study (n=57) 

Symptoms questionnaires 

At the end of phase A, 89% of the patients declared to have filled in the symptoms 

questionnaires. Among them, 54% found them very clear, 18% considered that some 

questions were not clear for them, and 18% thought that they were boring after a while. 

 

Figure 6.102:  Assessment of the symptoms questionnaires functionality at the end of phase A 

(n=57) 

At the end of the study, the usefulness of this feature was assessed again. The symptom 

questionnaires were considered useful for the health condition for most of the patients 



VALIDATION AND DISCUSSION  

 

212 AN ICT-BASED CLOSED-LOOP MODEL TO IMPROVE CARE FOR HEART FAILURE PATIENTS 

 

(79%) and also easy to use (82%). Approximately two thirds of them (74%) thought that 

they were interesting. Very few patients rated these questionnaires negatively: 4% of 

patients thought they were not interesting or not useful for their health condition, and 

only 2% of them considered them difficult to use. 

 

Figure 6.103:  Assessment of the symptoms questionnaires functionality at the end of the study 

(n=57) 

The usefulness of the messages about heart failure measurements was also assessed, 

but only at the end of phase A. These messages were understood and followed by 79% 

of the patients. However, 9% of them declared not to have received any message, while 

11% of them needed help to understand the messages.  

 

 

 Figure 6.104:  Assessment of the messages about measurements functionality at the end of phase A 

(n=57) 

Education and knowledge 

Part of the users experience questionnaires was dedicated to assess the easiness and 

satisfaction of patients with certain features related with education and knowledge. In 
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this sense patients were asked to rate how they perceived the videos included into the 

system, the tips about lifestyle, and knowledge questionnaires.  

The HFM system included videos and tips on certain topics related with lifestyle, such 

as diet and physical activities. In general, the patients liked these functionalities very 

much.  

 
 

 

Figure 6.105: Assessment of videos and tips on physical activity and diet (end of phase A) (n=57) 

At the end of phase A, the videos included in the HFM system about physical activity 

and diet were very positively rated: 75% of patients considered them clear, 68% helpful, 

63% interesting, and 61% with an adequate duration. Nevertheless, 9% of patients 

thought that they were not helpful and boring, 5% of them said that they were too long, 
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and only a 3% of them considered them unclear. Finally, there was a high percentage of 

patients that did not answered to this specific question. 

In the same way, the tips on physical activity and diet have also been very positively 

rated: 82% of patients considered them clear, 64% helpful, 60% interesting, and 77% 

with an adequate duration. Moreover, only a 2% of them considered these tips unclear 

and 6% too long in duration. However, 9% of patients thought that they were boring 

and not helpful. As in the previous case, in this topic, there was a high percentage of 

patients that did not answered to this specific question. 

At the end of the study, the patients were asked to assess this functionality again.  

 
 

 

Figure 6.106: Assessment of videos and tips on physical activity and diet (end of the study)(n=57) 

The majority of the patients considered the videos clear (77%), helpful (68%), 

interesting (56%), and with a proper duration (60%). However, 16% of the patients 

thought that they were a bit boring, 9% of them thought that they were too long, and 

7% not helpful. 
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The tips were also positively rated: 75% of patients rated them as very clear, 79% as 

helpful, 67% as interesting, and 70% with the adequate duration. In this case, only 5% 

of the patients thought that tips were boring, and 7% of them considered them too long. 

Another feature related with education were the knowledge of heart failure and 

lifestyle activities questionnaires. At the end of phase A, these questionnaires were 

considered easy to answer and clear by more than 75% of patients. The time required 

to answer them and the number of questions that they comprised was found adequate 

by 88% and 79% of the patients respectively. Only 4% of them found them a bit unclear 

or difficult to answer. Additionally, 4% of the patients thought that the number of 

questions was excessive, and 9% of them considered that the questionnaires required 

too much time to answer them. 

 

Figure 6.107: Knowledge questionnaire feature assessment at the end of phase A (n=57) 

Finally, the results show the HFM system helped to increase the knowledge of patients 

and their understanding of their health condition. At the end of the study, 84% of the 

patients considered that the videos and surveys sent by the HFM system had improved 

the knowledge and understanding of their health. Only 7% thought that, even if their 

knowledge had improved, it was not due to the use of the system.  
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Figure 6.108: Knowledge functionality assessment at the end of the study (n=57) 

 

Goal setting 

The functionality related with setting goals for lifestyle activities was not as appreciated 

by patients as other functions. Setting goals was only positively rated by half of the 

patients that consider it very interesting (51%) and useful for their health condition 

(47%). A greater percentage of patients thought that this was clear (65%) and easy 

(60%). However, 13% of patients did not consider that setting goals could be useful for 

their health condition. It was especially significant the percentage of patient that failed 

to answer to this question (around 18%, 10 patients). 

 

Figure 6.109: Goals setting functionality assessment at the end of the study (n=57) 
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Evolution on time 

The user experience questionnaire included certain questions that were asked to the 

patients repeatedly in the three phases of the clinical study where the user experience 

was assessed (at the end of Phase A, at the end of Phase B, and at the end of the study). 

These included a question about how confident the HFM system made the patients feel, 

and a question about how easily the HFM systems would fit into their daily lives. The 

evolution in time related with these aspects has been analysed for the 39 patients 

included in groups 2 and 3.  

It can be concluded that the HFM system achieved its goal of making patients feeling 

more confident about their health. In total, 39 patients answered this question in the 

three phases. The analysis of the evolution of their responses along time shows a 

progressive improvement. In each of the phases the percentage of patients that felt 

more confident about their health due to the use of the HFM system increased (from 

62% at the end of phase A up to a 77% at the end of the study). Also the number of 

patients that did not feel more confident about their health decreased at the end of the 

study compared to the previous phases.  

 

Figure 6.110: Confidence in looking after own health comparison (groups 2&3) (n=39) 

If we compare the obtained answers regarding the easiness to fit the HFM system into 

patients’ daily lives, we can see that the percentage of patients that considered that the 

system would fit into their daily lives increased from the end of phase A (72%) to the 

end of phase B (74%); however, this number decreases at the end of the study (68%). 

There is also an increase of the patients that thought that sometimes it was difficult to 
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complete the proposed activities (31% at the end of the study versus 18% at the end of 

phase A, or 14% at the end of phase B). Very few patients said that the system would 

not fit into their daily routines, and the only reason was that the system would make 

them do too many things (3% in all of phases).  

 

Figure 6.111: Easiness to fit into daily life comparison (groups 2&3) (n=39) 

 

The results obtained in the quantitative and qualitative analyses were compared in 

order to identify if there was a correlation between the values obtained in them. 

The results obtained in the qualitative analysis corresponded to the self-perceived 

status of patients regarding a specific aspect at a given time. For all the aspects assessed 

in that analysis (i.e. wellbeing, quality of life, anxiety and depression, knowledge level 

and self-care behaviour) we have determined the number and percentage of patients 

that experienced an improvement, a worsening and no changes in their self-perceived 

health status. These values have been compared, for each patient, with the ones 

obtained in the quantitative analysis (i.e. positive or negative health status evolution 

health status). This comparison has allowed us to classify patients into the following 

categories: 

Table 6.14: Categories in the quantitative vs qualitative comparison 

Quantitative 

analysis 

Qualitative 

analysis 

Classification Outcome 

Improvement Improvement Correlation Positive  
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Quantitative 

analysis 

Qualitative 

analysis 

Classification Outcome 

 No change No effect in subjective perception Negative 

 Worsening No correlation Negative  

Worsening Worsening Correlation Negative 

 No change No effect in subjective perception Positive 

 Improvement No correlation Positive 

Hereinafter, there is a description of the results obtained in the comparison of each of 

the qualitative aspects assessed in the study: wellbeing, quality of life, anxiety and 

depression, knowledge level and self-care behaviour. 

 

EQ-5D vs quantitative health status evolution 

This analysis was focused on comparing the results obtained in the assessment of the 

self-perceived wellbeing with the outcomes of the quantitative analysis. For each of the 

two groups of patients established based on the objective analysis (i.e. patients with 

positive health status evolution and patients with negative health status evolution), we 

identified the number and percentage of patients that had experienced an 

improvement, a worsening or no change in their subjective assessment. This 

classification is shown in the following table and figures:  

Table 6.15: Comparison of EQ-5D values with quantitative health status index (n=57) 

Quantitative 

health status 

evolution 

index at exit 

compared to 

baseline 

EQ-5D at exit 

compared to 

baseline 
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Improved 

(n=39) 

 

Improvement 11 (28%) 4 (10%) 5 (13%) 8 (21%) 10 (26%) 11 (28%) 

No change 7 (18%) 8 (21%) 12 (31%) 8 (21%) 12 (31%) 7 (18%) 

Worsening 21 (54%) 27 (69%) 22 (56%) 23 (59%) 17 (44%) 21 (54%) 

Worsen 

(n=18) 

Worsening 6 (33%) 2 (11%) 9 (50%) 5 (28%) 4 (22%) 6 (33%) 

No change 8 (44%) 10 (56%) 6 (33%) 10 (56%) 12 (67%) 8 (44%) 

Improvement 4 (22%) 6 (33%) 3 (17%) 3 (17%) 2 (11%) 4 (22%) 
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Figure 6.112: EQ-5D values vs quantitative health status (patients with positive health status 

evolution n=39)- part I 

 

Figure 6.113: EQ-5D values vs quantitative health status (patients with positive health status 

evolution n=39) – part II 

 

Figure 6.114: EQ-5D values vs quantitative health status (patients with negative health status 

evolution n=18) – part I 
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Figure 6.115: EQ-5D values vs quantitative health status (patients with negative health status 

evolution n=18) – part II 

 

KCCQ vs quantitative health status  

This analysis was focused on comparing the results obtained in the assessment of the 

self-perceived health status with the outcomes of the quantitative analysis. For each of 

the groups of patients obtained in the objective analysis (i.e. patients with positive 

health status evolution and patients with negative health status evolution), we 

identified the number and percentage of patients that had experienced an 

improvement, a worsening or no change in their subjective assessment. This 

classification is shown in the following table and represented graphically in Figures 

6.116 and 6.117:  

Table 6.16: KCCQ vs quantitative health status index 
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Quantitative 
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Improvement 13 
(72%) 

2  

(11%) 

14 
(78%) 

10 
(56%) 

12 
(67%) 

8 

 (44%) 

5 
(28%) 

11 
(61%) 

10 
(56%) 

12 
(67%) 

No change 2 
(11%) 

6  

(33%) 

0  

(0%) 

4  

(22%) 

0  

(0%) 

9  

(50%) 

0  

(0%) 

4  

(22%) 

0  

(0%) 

0  

(0%) 

Note: the table represents the number of patients and percentage over the total number in the group 

(n=57) classified by category at the end of the study. 

 

 

Figure 6.116: KCCQ values evolution for patients with positive health status evolution (n=39) 
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Figure 6.117: KCCQ values evolution for patients with negative health status evolution (n=18) 

In the group of patients that presented an objective improvement, the overall scores in 

the subjective assessment showed a coincidence for the majority of patients (51% of 

improvement in the overall score, 64% in the clinical summary score, and 46% in the 

total symptom score). However, there were some discrepancies in a few categories. For 

example, even if 46% of the patients in this group experience an improvement in terms 

of symptoms, the symptom stability was perceived as worsening for 49% of them. The 

quality of life dimension was also significantly different in both analysis, 72% of the 

patients in this group had a negative perception of their quality of life as they rated this 

aspect at the end of the study lower than at baseline. 
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HADS vs quantitative health status  

Once the analysis of the anxiety and stress levels was done, the results were compared 

with the outcomes of the quantitative analysis. For each of the groups of patients 

obtained in the objective analysis (i.e. patients with positive health status evolution and 

patients with negative health status evolution), we identified the number and 

percentage of patients that had experienced an improvement, a worsening or no 

change in their subjective assessment of anxiety and depression. This classification is 

shown in the following table and figures:  

Table 6.17: HADS vs quantitative health status at exit  

Qualitative 

health status at 

exit compared 

to baseline 

KCCQ at exit 

compared to 

baseline  

Anxiety Depression Emotional 

distress 

Improve Improvement 16 (41%) 21 (54%) 22 (56%) 

Worsening 12 (31%) 8 (21%) 12 (31%) 

No change 9 (23%) 8 (21%) 3 (8%) 

Worsen Worsening 9 (50%) 7 (39%) 5 (28%) 

Improvement 8 (44%) 11 (61%) 10 (56%) 

No change 1 (6%) 0 (0%) 3 (17%) 

Note: the table represents the number of patients and percentage over the total number in the 

group (n=57) classified by subscale at the end of the study. 

 

 

Figure 6.118: HADS vs health status evolution index (in patients with positive index n=39) 
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Figure 6.119: HADS vs health status evolution index (in patients with negative index n=18) 

 

DHFKS vs quantitative health status evolution 

The results obtained in the DHFKS questionnaire correspond to the level of knowledge 

of patients about their disease at a given time. Based on the scores obtained in this scale 

at exit and at baseline, we have determined the number of patients that experienced 

an improvement, a worsening and no changes in their knowledge (see Figure 6.72). 

These values have been compared, for all patients, with the objective health status 

evolution values obtained as a result of the quantitative analysis. 

Thus, for each of the 39 patients that showed an improvement in their health status, 

according the quantitative analysis, we have assessed if their knowledge level has 

experienced an improvement, a worsening or no change at the end of the study. The 

same process has been followed with the group of 18 patients that presented a 

worsening as a result of the quantitative analysis. The purpose of this analysis was to 

determine if there was a correlation between the patients’ health status and their level 

of knowledge.The results are shown in the following table (Table 6.18) and represented 

graphically in Figure 6.120. 

Table 6.18: DHFKS vs quantitative health status at exit (n= 57) 

Objective Health Status 

Evolution at exit compared 

to baseline (quantitative) 

Knowledge level evolution at 

exit compared to baseline 

(qualitative)  

Number of patients and 

percentage 

Improve Improvement 14 (36%) 

Worsening 10 (26%) 

No change 13 (33%) 

N/A 2 (5%) 
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Objective Health Status 

Evolution at exit compared 

to baseline (quantitative) 

Knowledge level evolution at 

exit compared to baseline 

(qualitative)  

Number of patients and 

percentage 

Worsen Worsening 5 (28%) 

Improvement 4 (22%) 

No change 6 (33%) 

N/A 3 (17%) 

 

 

Figure 6.120: Knowledge level vs health status evolution index (n=57) 

 

EHFScB vs quantitative health status evolution 

The results obtained in the EHFScB questionnaire correspond to the subjective 

perceived level of self-care behaviour of patients at a given time. Based on the scores 

obtained in this scale at exit and at baseline, we have determined the number of 

patients that experienced an improvement, a worsening and no changes in their 

perceived self-care behaviour (see Figure 6.80). These values have been compared, for 

all patients, with the objective health status evolution values obtained as a result of the 

quantitative analysis. 

Thus, for each of the 39 patients that showed an improvement in their health status, 

according the quantitative analysis, we have assessed if their perceived self-care 

behaviour has experienced an improvement, a worsening or no change. The same 

process has been followed with the group of 18 patients that presented a worsening as 

a result of the quantitative analysis. The purpose of this analysis was to determine if 

there was a correlation between the patients’ health status and their perceived self-

care behaviour. 
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The results are shown in the following table and represented graphically in Figure 6.121. 

Table 6.19: EHFScB vs quantitative health status evolution at exit compared to baseline (n= 57) 

Objective Health Status 

Evolution at exit compared 

to baseline (quantitative) 

Subjective Self-care behaviour 

evolution at exit compared to 

baseline (qualitative)  

Number of patients and 

percentage 

Improve (39 patients) Improvement 20 (51%) 

Worsening 11 (28%) 

No change 3 (8%) 

N/A 5 (13%) 

Worsen (18 patients) Worsening 3 (17%) 

Improvement 14 (78%) 

No change 0 (0%) 

N/A 1 (6%) 

 

 

Figure 6.121: Subjective self-care behaviour vs health status evolution index (n=57) 
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This subsection analyses and discusses in detail the results obtained as part of the 

research work, both in the definition of the closed-loop model and in its validation. 

 

The main objective of the clinical study was to validate the effectiveness of the 

proposed closed-loop model (implemented through the HFM system) in improving the 

care for heart failure patients. In this thesis, the improvement in care has been 

interpreted as a positive evolution of the patient health status, evolution that can be 

either objective or subjective.  

The parameters that we used to evaluate this improvement were the following: 

- Objective assessment of the patient health status, based on measurements 

extracted from lab tests and physical examinations. 

- Subjective assessment of the health status in terms of quality of life, wellbeing, 

anxiety and depression, self-care behaviour, and knowledge. 

- Comparison between the objective and subjective assessment. 

The outcomes obtained in the different analyses performed with the data gathered in 

the clinical study are discussed below. 

 

Quantitative analysis 

The quantitative analysis aimed to assess health status of patients during their 

participation in the clinical study, based on objective measures. It determined the 

number and the percentage of patients that experienced an improvement or worsening 

in their health status at the end of the study. This was done comparing the values of 

certain quantitative parameters both at exit and at baseline (i.e. heart rate, creatinine 

level, potassium values, NT-proNP value, and weight). 

If we analyse the results obtained after computing the stability index, we can observe 

that there were more patients in a non-stable situation at the end of the study than at 

baseline (37% of the patients showed a worse stability index at exit compared to 

baseline, while only 12% presented a better one). 

These results are similar in the individual groups 1 and 2. However, the patients in Group 

3 showed a more stable and maintained condition. In this group, the percentage of 
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patients who worsened their health status was smaller (21%). Additionally, although 

only 7% of the patients improved it, there was a significant number of patients that 

presented a maintained stable status both at baseline and at exit (0% variation in the 

“mostly stable” category). 

Nonetheless, the health status evolution index provided different results. The 

comparison of values in the five parameters analysed determined that the majority of 

the patients participating in the study, a total number of 39 patients (68%), showed an 

improvement in their health status at exit compared to baseline, while only 18 patients 

(32%) presented a worsening.  

The analysis per group did not show major differences from the global values. Only the 

patients in Group 2 showed slightly lower improvement rates and higher worsening 

rates than the other two groups (60% improvement, 15 patients; 40% worsening, 10 

patients). However, we consider that these results are due to the fact that the health 

status of 7 patients in this group could not be assessed properly as they had missing 

values in two of the parameters considered in the analysis (creatinine value and NT-

proBNP). 

Based on these results, we can state that, even if there was a decrease in the stability, 

there was also a general improvement in the health status of patients. These apparently 

contradictory results obtained in this analysis can be explained by the way the selected 

indexes have been defined. The stability index measures the stability of a patient at a 

specific moment in time. The values for this index in different moments in time are 

calculated based on the values of three parameters and are totally independent, as it 

does not consider the evolution or progress of their specific values. Therefore, even if 

we compare the values of this index in two different moments in time, it does not 

provide information about the evolution of the health status of a patient, but only about 

the global status of a patient in two independent moments in time. 

On the other side, the health status evolution index measures the changes of patients’ 

status in time. The value of each parameter considered for calculating this index is 

computed at two specific moments in time and, then, compared between them. 

Additionally, the health status evolution index considers two supplementary 

parameters not included in the stability index calculations. Moreover, it also takes into 

account a possible evolution within each parameter (positive or negative) even within 

the same stability value ranges. This allows us to determine the real changes in the 

health status of patients. Therefore, even if the patients were not stable, it is possible 
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that they experienced an improvement in their health status, which explains the 

obtained outcomes. 

It is not possible to establish a direct correlation between the stability and the health 

status evolution of the patients at the end of the study and the use of the HFM system. 

This is mainly due to the way the clinical study was designed, as there were many factors 

that could have influenced an improvement or worsening in the patients. However, it is 

possible to compare the outcomes obtained in the qualitative analysis with the 

subjective results obtained in the user experience questionnaire. 

If we do this comparison, we can see that 51% of the patients (29 patients) considered 

that their health had improved at the end of the study due to their use of the HFM 

system. Approximately 2/3 of those patients (21 patients) had actually experienced an 

improvement, according to the quantitative analysis. Surprisingly, the remaining 

patients in this group (8 patients) suffered a worsening in their health status, based on 

the objective analysis, but, they still felt that their health had improved. 

On the other side, a total number of 15 patients (26% of the total number of patients) 

declared to have experienced an improvement in their health, but they considered that 

it was not related to their use of the HFM system. The majority of this patients (13) had 

actually improved according to the quantitative analysis. Finally, only 10 patients (18% 

of the patients) thought that their health had worsened, even if only 5 of them had 

actually worsened.  

Thus, we can conclude that the HFM system had a real positive effect on the patients’ 

health, as there was a significant number of patients that thought so. Even more, the 

results show that this effect is also valid in some cases were the actual outcomes did 

not seem to be so good for the patients. 

 

Qualitative analysis 

Self-perceived wellbeing or health status 

The analysis of the self-perceived wellbeing, through the EQ-5D questionnaire, showed 

that the majority of patients reported a self-perceived improvement in their health 

status at exit compared to baseline. This was observed for all the categories considered 

in this instrument (i.e. mobility, self-care, activity, pain and anxiety).  

Practically half of the patients participating in the study declared to experience no 

problems related with the five categories, and these percentages were similar at 
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baseline and at exit. The percentages of patients with severe and extreme problems 

were very small and decreased from baseline to exit. The greatest variation was 

observed within the groups of patients who experienced slight and moderate problems. 

In the first group, the number of patients increased at exit compared to baseline for two 

categories (pain and anxiety), whilst in the second one these number increased at the 

end of the study for all the categories except these two ones. These results suggest that 

it has been an improvement, at least related with pain and anxiety. 

Moreover, even in the percentage of patients who had slight and moderate problems 

increased at the end of the study compared to baseline, the percentage of patients who 

suffered no problems practically did not change and the ones who suffered severe and 

extreme problems decreased. This indicates that the global results for the self-

perceived wellbeing or health status are positive and show a general improvement. 

The analysis per groups showed different results for groups 1 and 3. In Group 2 the 

results were similar than in the global group, except for the anxiety category, where the 

results were worse. In Group 1, the improvement seemed to be higher than in the global 

group (the percentage of patients with severe problems was maintained or decreased, 

the ones with slight-moderate problems increased and the ones with no problems 

increased). In Group 3, the improvement was not as evident as in the other groups. The 

percentage of patients with no problems at exit decreased compared to baseline for all 

categories except for anxiety, while there was an increase in the case of the one who 

suffered slight or moderate problems. However the percentages for the patients who 

suffered severe-extreme problems had some variations in the different categories, 

which indicates that patients might actually have worsened more in this group than in 

the others. 

This variation between groups can be explained by the nature of the heart failure 

disease itself. The EQ-5D instrument measures the self-perceived wellbeing and health 

status. The patients in Group 3 were using the system for a longer time, but there was 

highly probable that their health status was worst at the time of the measurement at 

the end of the study. Group 1 presented very good results in all categories. In Group 2, 

the results were also good and similar to the global one, except for the anxiety category. 

This means that, in the whole group, the ones contributing to lower the scores in 

pain/anxiety were the patients in groups 2 and 3. 
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Quality of life 

The self-perceived quality of life was assessed in the clinical study using the KCCQ 

questionnaire. The analysis of the answers showed that the patients experienced a clear 

improvement at the end of the study compared to baseline in all the categories 

considered in the instrument, with the exception of two of them: symptoms stability 

and quality of life. For these two aspects, the severity of the related problems 

augmented, and the number of patients that experienced no problems with them 

decreased to zero. 

The analysis of the responses by group presented similar results: all the categories 

improved at exit compared to baseline in the three groups, except for the symptom 

stability and the quality of life. This worsening was especially significant in patients in 

Group 1, as the percentage of patients who experienced severe or extreme problems 

related with quality of life at exit increased considerably compared to baseline (66% at 

exit, 34% at baseline). Also, in this group, 83% of the patients presented moderate 

problems at exit related to symptoms stability, compared to 17% at baseline. 

Despite these results on these particular aspects, the global scores defined by the KCCQ 

instrument (i.e. total symptom score, overall summary score and clinical summary 

score) presented better values at exit compared to baseline, both in the global dataset 

of patients and in the different groups. This indicates that the global self-perceived 

quality of life of the patients improved at the end of the study after having used the 

HFM system. 

Anxiety and depression 

The evaluation of the anxiety and depression levels in the patients participating the 

clinical study (done using the HADS instrument) showed low problems related with 

these two aspects, both at baseline and at exit. The majority of the patients presented 

normal levels of anxiety and depression and very few of them had severe or even 

moderate problems in those two moments in time. 

Nonetheless, even if the starting point was good, it can be observed an improvement 

at exit, compared to baseline, in both subscales. This effect can be seen in the analysis 

of the whole dataset of patients as well as in the individual analyses per group. The 

difference between exit and baseline levels is especially noticeable in Group 1, where 

almost all patients present normal levels of anxiety and depression at the end of the 

study. 
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Thus, it can be concluded that the HFM system had positive effects on these two 

important aspects for heart failure disease. 

Knowledge level 

In terms of knowledge level (assessed with the DHFKS questionnaire), the effect of the 

HFM system on patients was less conclusive.  

The analysis of the knowledge evolution showed that approximately one third of the 

patients increased their knowledge at the end of the study compared to baseline (32%). 

However, this percentage also corresponded to the number of patients that maintained 

their knowledge level (33%) or decreased it (26%) at the end of the study. 

These results are slightly different in the different groups. Patients in Group 2 provided 

the worst results, with 40% of the patients decreasing their knowledge level, compared 

to a 33% of them in Group 1 and a 29% in Group 3. However, in terms of improvement, 

Group 1 presented the worst results (only 22% of the patients in this group increased 

their knowledge at the end of the study, compared to a 36% in groups 2 and 3). In this 

Group 1, almost half of the patients (44%) showed the same level of knowledge at exit 

than at baseline. 

It is especially interesting to compare these results with the answers obtained in the 

user experience questionnaires. Practically all the patients participating in the study 

declared that they had improved their knowledge and understanding of their health 

after using the HFM system (91%, of the patients). Moreover, 84% of them thought that 

this improvement was related with their use of the HFM system. However, these results 

do not correspond with the results obtained in the KCCQ questionnaire. 

Therefore, based on the obtained results, it is not possible to determine whether the 

HFM system contributed to modify the knowledge level of the patients. The reasons for 

these inconclusive results might be the relatively high knowledge level of patients when 

they started the study that could have been very difficult to improve. The knowledge 

level both at baseline and at exit was quite high (70% of the patients had moderate level 

at baseline and 67% of them at exit). Additionally, it is possible that the specific topics 

included as part of the education material in the system were not covering all the topics 

assessed by the KCCQ questionnaire. Finally, the instrument selected for assessing this 

parameter (a simplified version of the KCCQ questionnaire) might have had some 

influence in the results. 
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Self-care behaviour 

Self-care behaviour did not seem to be a problem for the patients participating in the 

clinical study. The majority of patients had no problems with this issue, both at baseline 

and at exit. Nevertheless, the scores obtained with the EHFsCB scale are slightly better 

at the end of the study than at baseline, for the whole set of patients and individual 

groups. 

The comparison of scores between baseline and exit showed that 60% of the patients 

improved their self-care behaviour at the end of the study, and only 25% of them 

experienced a worsening. However, the analysis per group provided different 

outcomes, especially in groups 1 and 3 (the results in Group 2 were similar to the global 

one). In these two groups, 50% of the patients showed a worsening in their self-care 

behaviour at the end of the study. Additionally, patients in Group 1 presented the lower 

improvement rates, with only one third of them improving their self-care behaviour at 

exit compared to baseline. 

As in the case of the knowledge levels, the user experience questionnaire included some 

questions related with the self-care behaviour, more specifically for evaluating the 

patients’ confidence in looking after their own health. The results showed that the 

majority of the patients had confidence in their self-care abilities, and most of them 

considered that it was related with their usage of the HFM system.  

Therefore, even if there are some indications towards a possible influence of the HFM 

system in improving the self-care behaviour of patients, the obtained results are 

contradictory and no conclusive. Once again, the high levels of self-care showed at 

baseline and the specific instrument selected for performing the evaluation might have 

influenced in these outcomes. 

User experience 

The user experience analysis provided very good results in terms of usability and 

acceptance of the HFM system. Additionally, the different functionalities of the system 

were highly appreciated by the majority of patient and the global satisfaction with the 

system was very high. 

According to the patients’ perception, the HFM system achieved a number of objectives 

in terms of improving the heart failure patients’ care. First of all, an important 

percentage of the patients considered that using the system had helped to improve 

their health status (51%) or had contributed to make them to feel more able to cope 
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with their condition (74%). Also, it was considered to help increasing the patients’ 

confidence in looking after their own health (75% of the patients thought this at the end 

of the study). 

Finally, the system was considered to be easily included into the patients’ daily routines 

by the majority of the patients, although some of them (approximately 30%) requested 

a simplification in the activities, both in number, format and duration. 

As a conclusion, although the user experience analysis revealed some aspects that could 

be slightly improved to make it even more attractive (i.e. simplification of some 

messages and tasks, improve the videos, or improve some functionalities like goal 

setting), the HFM system has widely achieved its objectives with regards to the user 

experience. 

 

Qualitative vs Quantitative analysis 

The results obtained in the qualitative analysis (based on the data gathered in the 

different questionnaires) have been compared to the outcomes of the quantitative 

analysis. The objective of this comparison was to determine if there was a correlation 

between the objective health status of patients after using the system and their 

subjective perceived health status, in terms of the different aspects measured by the 

questionnaires (i.e. quality of life, wellbeing, anxiety-depression, knowledge, self-care 

behaviour). 

With regards to the self-perceived wellbeing or health status, the results showed that 

there was not an exact correlation between the two analyses. The majority of the 

patients who experienced an objective improvement according to the quantitative 

analysis, considered that their health status had not changed at the end of the study 

compared to baseline. This result was observed for all the categories (mobility 54%, self-

care 69%, activity 56%, pain 59%, and anxiety 44%). Additionally, within this group, an 

important percentage of patients considered that their health status had worsened 

(31% related to anxiety and activity aspects, 21% related to self-care and pain aspects). 

Only in the case of mobility, 28% of the patients declared to have experienced an 

improvement.  

The results were similar in the group of patients who experienced a worsening in their 

health according to the quantitative analysis. The majority of patients in this groups 

declared to have experienced no changes at exit compared to baseline for four of the 
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categories analysed (mobility 44%, self-care 56%, pain 56%, and anxiety 67%). 

Additionally, an important percentage of patients confirmed to perceive a worsening in 

their health status in four of the categories (33% for mobility, 50% for activity, 28% for 

pain, and 22% for anxiety). Self-care aspects were the only ones where the objective 

and subjective analysis did not coincide, as 33% of the patients in this group considered 

that their health status had improved. 

Therefore, in terms of wellbeing and health status, there was not a correlation between 

the patients’ perception and the objective assessment. The objective improvement or 

worsening in the health status were not perceived as such by the majority of patients. 

The differences were not so strong in the case of patients that worsened, where there 

was more correspondence between the two analyses. This may be explained by the 

nature of the heart failure disease itself, where patients can experience an 

improvement but still not perceive it in terms of quality of life or wellbeing. 

The comparison of the self-perceived quality of life with the objective health status 

assessment also provided interesting results. The subjective quality of life was 

measured with the KCCQ questionnaire, and each of the categories of the questionnaire 

provided different results.  

In the group of patients that presented an objective improvement, the overall scores in 

the subjective assessment showed a coincidence for the majority of patients (51% of 

improvement in the overall score, 64% in the clinical summary score, and 46% in the 

total symptom score). However, there were some discrepancies in a few categories. For 

example, even if 46% of the patients in this group experienced an improvement in terms 

of symptoms, there was a negative perception about symptom stability aspect at the 

end of the study (49% of patients worsened). The quality of life dimension was also 

significantly different in both analyses, 72% of the patients in this group had a negative 

perception of their quality of life as they rated this aspect at the end of the study lower 

than at baseline. 

However, the outcomes are different in the case of worsening patients. In this case, 

there was no correlation between the qualitative and quantitative analyses as the 

majority of patients in the group experienced an improvement according to the 

obtained global scores in the KCCQ questionnaire (56% of improvement in the overall 

summary score, 67% in the clinical summary score and 67% in the total symptom score). 

As in the previous group, both symptom stability and quality of life were rated quite 
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negatively, with 56% and 72% of the patients experiencing a worsening in each of those 

parameters respectively. 

The interesting aspect of this analysis is that the majority of the patients participating 

in the study seemed to have a negative perception about their quality of life and 

symptom stability, with independence of their objective health status evolution. On the 

other side, the rest of the categories were positively rated by all patients, including the 

group of patients with worsened objective health status. 

In terms of anxiety and depression, the comparison between the quantitative and 

qualitative analyses showed a correlation for the group of patients with improved 

health status, but some differences for the patients that experienced a worsening. 

The majority of patients in the first group (positive health status evolution) presented 

also an improvement after using the system in terms of anxiety and depression (41% 

for anxiety, 54% for depression). Only one third of these patients (31%) worsened their 

self-perceived health status in terms of anxiety, and a 21% of them in terms of 

depression. 

In the group of patients with worsened health status, the results were different. Half of 

them (50%) showed a worsening with regards to anxiety, but, at the same time, a similar 

percentage of them (44%) showed a self-perceived improvement. In the case of 

depression, 61% presented an improvement, and only 39% of them a worsening. 

Therefore, as a conclusion, the results suggest that the use of the system has a positive 

effect on the self-perceived status regarding anxiety and depression. This is especially 

significant in the case of depression, as most of the patients presented an improvement 

on this aspect at the end of the study, including the one with worsening health status.  

Regarding knowledge, there is a clear correlation between both analyses. 

Approximately one third of the patients with improved health status, presented a higher 

knowledge at the end of the study than at the beginning (36%), another third 

maintained their knowledge levels (33%) and less than one third showed less knowledge 

than before (26%). The results were similar in the group of patients with negative health 

status evolution: 28% of the patients worsen their knowledge level, 22% improved it, 

and 33% maintained it. In any case, the majority of patients showed quite high 

knowledge levels (moderate) both at baseline and at exit. 

Finally, in terms of self-care behaviour, there is a partial correlation between the 

objective and subjective analyses only for patients with an improvement in their health 
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status evolution. Half of the patients in this group showed an improvement in self-care 

behaviour at the end of the study. However, the results are totally different in the other 

group (patients with worsened health status), as 78% of them presented an 

improvement in their self-care behaviour. These results indicate that the use of the 

system has actually contributed to improve the self-care behaviour of patients, even in 

the cases where their health status has worsened. These results coincide with the ones 

published by Stut et al. (Stut et al, 2014; Stut et al, 2015) ) in their analyses of the self-

care behaviour considering the whole data set of patients participating in the 

HeartCycle clinical study (123 patients). In that study they conclude that the self-

reported self-care behaviour scores had improved at the end of the study for the 

majority of patients. 

As a summary, the comparison between the qualitative and quantitative analyses 

showed different levels of correlation between the patients’ groups depending on the 

aspects considered. 

The correlation was higher in the group of patients with positive health status evolution. 

In this group there was a correlation between the objective health status and the 

subjective perception of the patients in the majority of the aspects assessed. Thus, the 

majority of the patients who had experience an improvement in their health status 

according to the objective assessment, also perceived an improvement in aspects like 

self-care behaviour, knowledge and the majority of aspects related with quality of life 

(assessed by the KCCQ questionnaire). The only aspects where the results of both 

analyses did not coincide were the self-perceived wellbeing (derived from the EQ-5D), 

quality of life and symptoms stability (derived from the KCCQ). In these particular 

aspects the majority of patients presented a negative or neutral self-perception at the 

end of the study, despite having improved their health status. 

In the group of patients who worsened their health status at the end of the study, 

according to the quantitative analysis, the correlation was less perceptible. This group 

of patients only confirmed to have experienced a worsening in aspects like anxiety, 

quality of life, and symptom stability.  

The rest of the aspects assessed (self-care behaviour, knowledge, depression and 

anxiety) showed a significant number of patients in the group who declared to have 

experienced an improvement. Finally, as in the case of the other group, the majority of 

patients in this group did not perceive changes in the wellbeing at the end of the study. 
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In conclusion, we can determine that, the proposed closed loop model is a valid 

instrument for designing enhanced services for heart failure patients. 

Moreover, in general, the model (implemented through the HFM system) has 

contributed to improve the health status of the patients and had a positive effect on 

the patients’ care. This improvement was observed both in the psychological and 

physiological aspects. From the physiological point of view, the majority of the patients 

participating in the study experimented an objective improvement in their health 

status. From the psychological point of view, the HFM system did improve aspects such 

as anxiety and depression, self-care, some aspects related to quality of life, and 

knowledge. 

 

The proposed ICT-based closed loop model constitutes one of the main results of this 

thesis. We discuss in this section the different aspects related to its definition, 

instantiation process, and validation outcomes. 

Definition of the model 

The definition of the model was based on some assumptions that were confirmed 

afterwards. These included a focus on services and ICT as main components in the 

model, and the use of the closed-loop concept to provide personalization. 

Some of the assumptions that were made for defining the model were confirmed in the 

validation as well as other external initiatives. These include the decisions of focusing 

the model on services, the consideration of ICT as a key elements, and the design of a 

model using the closed-loop concept. 

More specifically, the definition and validation of the proposed closed-loop model run 

in parallel with some important initiatives like the Whole System Demonstrator (WSD) 

(see Chapter 1 for further details). At the time of defining the model the results of this 

important study were not published nor available. However, some of the lessons learnt 

in the WSD trial, published in 2013 and 2014, are quite relevant to the work carried out 

in this thesis.  

First of all, the study concluded that technology alone is not sufficient for a real change 

in telecare and telehealth services, there is also a need of service transformation. 

Additionally, the results identified the need to develop the right service models. Finally, 

even if the WSD trial provided good results in terms of hospital use and mortality, it 
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seemed to fail in the rest of the aspects that were assessed (e.g. clinical effectiveness, 

costs effectiveness, patient and professional experience, service delivery and 

organization) (Bower et al, 2011; Steventon et al., 2012). The selection criteria utilised 

to set up the trial, which was not based on the specific needed intervention, were 

identified as reasons for this failure.  

The closed-loop model proposed in this thesis has, in fact, addressed all the problems 

that were detected during the WSD trial. First, the model considers the services as its 

main component, and it provides the basis for designing new transformed services for 

tackling heart failure disease. Secondly, although the technology and ICT are key 

components in the model, they are integrated with the rest of the elements in order to 

build the services. In our model, IT systems are not considered just resources in the 

services but also main actors. This changes conceptually the way services are designed 

and further provided to the patients, where IT systems are fully integrated into the 

definition of the system in a consistent way, and they are not perceived by the patients 

as external resources added at a later stage. Finally, the model is highly personalised as 

it has been focused on a particular type of patients who need a specific intervention. 

Additionally, it has been designed based on a closed-loop paradigm, which allow certain 

types of processes and activities that increase the personalization (e.g. feedback 

activities). 

Implementation of the model 

This model was constructed to be a formal representation of services based on ICT and 

the closed loop paradigm. But it also intended to be a practical instrument that helps to 

design services aimed to manage heart failure disease. The process of instantiating the 

model into a real service (the Heart Failure Management service) has proven the validity 

of the model for this practical purpose.  

The different processes that comprised the Heart Failure Management service could be 

mapped perfectly with the generic services, processes and concepts defined in the 

model. 

In terms of the different elements, the different concepts defined in the model were 

used for detailing the processes in the real service. Particularly, the new concepts 

included in the model (i.e. healthcare IT system, prescribed self-care activity, feedback 

activity, and services) proved to be essential in the definition of these processes, as they 

enabled the later definition of key functionalities (e.g. symptoms questionnaires, 

feedback messages, education and coaching). 
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Two of the concepts included in the model were not used in the Heart Failure 

Management service: risk condition and prognostic condition. However, this is not 

considered critical as these are second level specializations of the term health condition, 

and they have not been modified with respect to the original standard. 

Validation of the model 

As it has been discussed in the previous section, the validation of the model in the 

clinical study proved its effectiveness in improving the patient’s care, one of the main 

objectives of this thesis. Nevertheless, the results of the validation suggest some 

aspects that could possibly be revised in the model in order to improve it.  

In terms of actors, the validation showed that the majority of the patients were able to 

use the HFM system by themselves (68% of the patients). However, 30% of them 

declared to need help for utilising it (almost half of them on a regular basis). This shows 

that there is an important actor involved in the service that was not originally 

contemplated in the model. These results, combined with the usually advanced age of 

patients suffering heart failure, suggest the need to revise the set of actors included in 

the model in order to add a new one that covers this role. 

Additionally, some of the contradictory results obtained in the validation (e.g. in 

wellbeing, quality of life, symptom stability, etc.) indicate that the interventions do not 

always achieved the planned results. It would be important, then, to include in the 

services some methods to perform intermediate assessments of the effects of each 

intervention, in order to adapt or modify them, when needed. This suggest, again, the 

need to revise the model in order to add some element that can tackle these aspects. 
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This chapter presents the conclusions of the research work accomplished, contrasting 

the hypotheses and objectives set up at the beginning of the work with the obtained 

results. These research’s hypotheses were the following: 

1. It is possible to define a model based on a closed-loop paradigm and ICT tools 

that formalises the design of enhanced healthcare services for chronic heart 

failure patients. 

This research work has proven this hypothesis and has defined a model that constitute 

the formal framework for the design of healthcare services specifically addressed to 

heart failure patients. 

The model has been based on ICT tools and the closed-loop concept, two characteristics 

that make possible the introduction of novel functionalities in healthcare services (e.g. 

home-base and self-care activities, personalised disease management, etc.). 

Moreover, the definition of the model has been grounded on an ISO standard (i.e. ISO 

13940), which has been adapted and expanded in order to meet the objectives set in 

this research work. This makes the defined model highly attractive and useful, as any 

current service based on the standard ISO 13049 could easily be updated and 

incorporate all the new features that the defined model includes. 

 

2. The defined closed-loop model can be exemplified in a real service that supports 

the management of chronic heart failure disease. 

The theoretical model was instanced into a real case situation: the definition of a service 

to manage heart failure disease patients (the Heart Failure Management service). This 

service was defined entirely based on the different elements included in the closed-loop 

model (i.e. subservices, processes, workflows and concept). It was possible to make a 

total mapping of the different elements of the model with the different parts of the 

service 

Moreover, the Heart Failure Management service was used as a basis for the design and 

further development of the IT system (the HFM system) needed to support the 

provision of that service. 
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3. The introduction, adoption and use of a service based on the outlined model will 

result in improvements in the health status of patients suffering heart failure. 

The effectiveness of the defined closed-loop model has been proved in a clinical study 

where the different characteristics of the HFM system (as an instance of the defined 

model) were assessed. 

The validation has been focused on assessing the effects that the utilization of a system 

with these characteristics has on heart failure patients, both from a subjective point of 

view (self-perceived) and objective point of view. The outcomes of the validation 

showed that services based on the defined model lead to improvements of the quality 

of life, wellbeing (psychological and physical condition) and knowledge level of patients 

suffering heart failure.  

4. The user experience of patients when utilizing a system based on the defined 

closed-loop model will be enhanced. 

The validation proved that, in general, the HFM system has been highly accepted and 

most of its functionalities have obtained high usability and satisfaction rates.  

The user experience study revealed some aspects that could be slightly improved to 

make it even more attractive, but, in conclusion, the system has widely achieved its 

objectives with regards to the user experience. This is a promising result, especially if 

we consider that the average age of the users was quite high and the constant use of 

ICT tools that the designed service required. 

 

Improvements in the closed-loop model 

Based on the results obtained in the validation of the proposed model and according to 

the aspects discussed above, we decided to add three concepts to the model: next of 

kin, subject of care proxy, and activity healthcare evaluation. These concepts are part of 

the International Standard ISO 13940, but they were initially excluded from the model. 

The concepts next of kin and subject of care proxy belong to the actor’s category. Next 

of kin is defined as “person or persons either being the closest living relative of the 

subject of care or identified by the subject of care as the person or persons they have the 

closest relationship with” and subject of care is a “person having the right to take 

decisions on behalf of the subject of care”. These concepts were initially excluded from 

the model because we wanted to centre it on the patients. However, as it was discussed 
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above, the results of the validations show the importance of including a new actor that 

supports the patient in the service provision.  

On the other hand, healthcare evaluation is considered in the standard as a component 

of healthcare activity, and defined as “action where the result or effect of at least one 

healthcare activity is evaluated”. Evaluation of activities were out of the scope of the 

model and, thus, this concept was excluded. The discussion above presented the 

importance of this type of activities derived from the outcomes of the validation. 

Therefore, we suggest to incorporate this concept in the model, as a generalization of 

healthcare activity, and use it, in practice, for evaluating the results of interventions and 

make any needed corrective actions. 

 

Final conclusion 

Based on the results presented above and in the previous chapters, we can conclude 

that this thesis achieved the main objective set up at the beginning of the research 

work: to prove that health care services based on a new ICT-based closed-loop model 

can improve the health status of heart failure patients, in terms of quality of life and 

wellbeing (psychological and physical condition). 
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This research work includes the following main original contributions: 

Definition of an ICT-based closed-loop model  

The closed-loop model defined in this thesis constitute the first formal representation 

of closed-loop services to provide healthcare to heart failure patients. The model has 

been based on the International Standard ISO-13940 that has been totally revised, 

modified and extended (when needed), resulting in a very practical tool for designing 

this type of services. 

More specifically, the following modifications have been done to the International 

Standard: 

- Revision of the whole set of concepts and selection of the subset of concepts 

considered appropriate for the definition of ICT-based closed loop services. 

- Reorganization of the categories and exclusion of the ones non-relevant for the 

objectives of the model. 

- Creation of new concepts and new categories. 

- Definition of generic processes and workflows, extending the ones provided in 

the International Standard ISO 13940. 

- Definition of services within three context of use. 

Definition of a validation methodology 

The methodology followed in the validation of the HFM system was designed explicitly 

within this research work. It involved the analysis of quantitative and qualitative data, 

as well as a comparison between both of them to identify correlations. 

More specifically, the following elements have been defined by the author of this thesis: 

- Definition of a four-step process to perform the quantitative and qualitative 

analyses. 

- Definition of the stability and health status evolution indexes and their 

computation rules. 

- Selection of the instruments to perform the qualitative analysis. 

- Design of the user experience questionnaires. 
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The work presented in this thesis constitutes the first step in modelling closed-loop 

services for heart failure patients. This work can be continued in the future addressing 

several research lines: 

Application of the closed-loop model to other domains 

The proposed model has been focused in outlining the specific case of healthcare 

services for heart failure patients. However, the model could be adapted to other 

chronic diseases that can benefit for the services definen it (e.g. respiratory diseases, 

diabetes, etc.). 

Integration of the set of concepts defined in the closed-loop model into new versions 

of the International Standard ISO-13940 

As the set of concepts that constitute the basic elements for defining the services in the 

closed-loop model has been entirely based on the International Standard ISO-13940, it 

could be used to update the future versions of this standard. It would be especially 

interesting to incorporate the new defined terms, as well as the new relationships 

between them. This action would enhance the current standard as it would include the 

components needed to implement real close-loop services. 

Further development of the closed-loop model 

The model that we have defined focuses on the design of closed-loop services, which 

are very important in the management of chronic diseases. However, the current 

healthcare systems in Europe trend to design and implement integrated care services, 

with are usually based on existing chronic care initiatives. In this sense, this model could 

be expanded to support the design of these integrated care systems.
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EQ-5D QUESTIONNAIRE 

 

EQ-5D descriptive system 

“EQ-5D™ is a questionnaire commonly used as a measure of health outcome. 

Applicable to a wide range of health conditions and treatments, it provides a simple 

description and overview value for health status. It will only take you a few minutes to 

complete.” 

Under each heading, please tick the ONE box that best describes your health TODAY 

MOBILITY 

☐   I have no problems in walking about 

☐   I have slight problems in walking about 

☐   I have moderate problems in walking about 

☐   I have severe problems in walking about 

☐   I am unable to walk about 

SELF – CARE 

☐   I have no problems washing or dressing myself 

☐   I have slight problems washing or dressing myself 

☐   I have moderate problems washing or dressing myself 

☐   I have severe problems washing or dressing myself 

☐   I am unable to wash or dress myself 

USUAL ACTIVITIES (e.g. work, study, housework, family or leisure activities) 

☐   I have no problems doing my usual activities 

☐   I have slight problems doing my usual activities 

☐   I have moderate problems doing my usual activities 

☐   I have severe problems doing my usual activities 

☐   I am unable to do my usual activities 
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PAIN / DISCOMFORT 

☐   I have no pain or discomfort 

☐   I have slight pain or discomfort 

☐   I have moderate pain or discomfort 

☐   I have severe pain or discomfort 

☒   I have extreme pain or discomfort 

 

ANXIETY / DEPRESSION 

☐   I am not anxious or depressed 

☐   I am slightly anxious or depressed 

☐   I have moderately anxious or depressed 

☐   I have severely anxious or depressed 

☐   I am extremely anxious or depressed 
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The EQ visual analogue scale (EQ VAS) 

We would like to know how good or bad your health is 

TODAY. 

 

This scale is numbered from 0 to 100. 

 

100 means the best health you can imagine. 

0 means the worst health you can imagine. 

 

Mark an X on the scale to indicate how your health is 

TODAY. 

 

 

 

 

 

 

 

 

Now, please write the number you marked on the scale in 

the box below. 

 

 

 

YOUR HEALTH TODAY= 
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EQ-5D SCORING INSTRUCTIONS 

Data collected using EQ-5D-5L has been presented in various ways. The following basic 

subdivision was made according to the structure of the EQ-5D-5L:  

1. Results from the EQ-5D-5L descriptive system as a health profile: analysis of the 

frequency and the proportion of reported problems for each level for each dimension. 

These values have been compared before and after the intervention. 

2. Results of the EQ VAS as a measure of overall self-rated health status: analysis of data 

in terms of central tendency and dispersion 

3. Results from the EQ-5D-5L index value. A unique health state is defined by combining 

1 level from each of the 5 dimensions. A total of 3125 possible health states are defined 

in this way. Each state is referred to in terms of a 5-digit code. For example, state 11111 

indicates no problems on any of the 5 dimensions, while state 12345 indicates no 

problems with mobility, slight problems with washing or dressing, moderate problems 

with doing usual activities, severe pain or discomfort and extreme anxiety or depression 

(Oerman&Janssen, 2013). 

 

Missing values: Missing values have been considered as wrong answers (i.e. scoring “9”) 

for every dimension analysed.  
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KCCQ QUESTIONNAIRE 
 

The following questions refer to your heart failure and how it may affect your life. 

Please read and complete the following questions. There are no right or wrong 

answers. Please mark the answer that best applies to you. 

Heart failure affects different people in different ways. Some may mainly feel 

shortness of breath while others mainly fatigue. Please indicate how limited you have 

been by heart failure (for example, shortness of breath or fatigue) in your ability to do 

the following activities over the past 2 weeks. 

 

Please, chose just one option 

A. Dressing yourself 

☐   Extremely limited 

☐   Quite a bit limited 

☐   Moderately limited 

☐   Slightly limited 

☐   Not at all limited 

☐   Limited for other reasons or did not do the activity 

B. Showering or having a bath 

☐   Extremely limited 

☐   Quite a bit limited 

☐   Moderately limited 

☐   Slightly limited 

☐   Not at all limited 

☐   Limited for other reasons or did not do the activity 

C. Walking 100 yards on level ground 

☐   Extremely limited 

☐   Quite a bit limited 

☐   Moderately limited 
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KCCQ QUESTIONNAIRE 
 

☐   Slightly limited 

☐   Not at all limited 

☐   Limited for other reasons or did not do the activity 

D. Doing gardening, housework or carrying groceries 

☐   Extremely limited 

☐   Quite a bit limited 

☐   Moderately limited 

☐   Slightly limited 

☐   Not at all limited 

☐   Limited for other reasons or did not do the activity 

E. Climbing a flight of stairs without stopping 

☐   Extremely limited 

☐   Quite a bit limited 

☐   Moderately limited 

☐   Slightly limited 

☐   Not at all limited 

☐   Limited for other reasons or did not do the activity 

F. Jogging or hurrying (as if to catch a bus) 

☐   Extremely limited 

☐   Quite a bit limited 

☐   Moderately limited 

☐   Slightly limited 

☐   Not at all limited 

☐   Limited for other reasons or did not do the activity 

 

2- Compared with 2 weeks ago, have your symptoms of heart failure (for example, 

shortness of breath, fatigue, or ankle swelling) changed? My symptoms of heart failure 

are now… 

☐   Much worse 

☐   Slightly worse 
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KCCQ QUESTIONNAIRE 
 

☐   Not changed 

☐   Slightly better 

☐   Much better 

☐   I´ve had no symptoms over the last 2 weeks 

3- Over the past 2 weeks, how many times have you had swelling in your feet, ankles 

or legs when you woke up in the morning? 

☐   Every morning 

☐   3 or more times a week, but not every day 

☐   1 - 2 times a week 

☐   Less than once a week 

☐   Never over the past 2 weeks 

4- Over the past 2 weeks, how much has swelling in your feet, ankles or legs bothered 

you? It has been... 

☐   Extremely bothersome 

☐   Quite a bit bothersome 

☐   Moderately bothersome 

☐   Slightly bothersome 

☐   Not at all bothersome 

☐   I have had no swelling 

5- Over the past 2 weeks, on average, how many times has fatigue limited your ability 

to do what you wanted? 

☐   All of the time 

☐   Several times a day 

☐   At least once a day 

☐   3 or more times a week but not every day 

☐   1 - 2 times a week 

☐   Less than once a week 

☐   Never over the past 2 weeks 

6- Over the past 2 weeks, how much has your fatigue bothered you? It has been... 

☐   Extremely bothersome 

☐   Quite a bit bothersome 
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KCCQ QUESTIONNAIRE 
 

☐   Moderately bothersome 

☐   Slightly bothersome 

☐   Not at all bothersome 

☐   I have had no fatigue 

7- Over the past 2 weeks, on average, how many times has shortness of breath limited 

your ability to do what you wanted? 

☐   All of the time 

☐   Several times a day 

☐   At least once a day 

☐   3 or more times a week but not every day 

☐   1 - 2 times a week 

☐   Less than once a week 

☐   Never over the past 2 weeks 

8- Over the past 2 weeks, how much has your shortness of breath bothered you? It has 

been . . . 

☐   Extremely bothersome 

☐   Quite a bit bothersome 

☐   Moderately bothersome 

☐   Slightly bothersome 

☐   Not at all bothersome 

☐   I have had no shortness of breath 

9- Over the past 2 weeks, on average, how many times have you been forced to sleep 

sitting up in a chair or with at least 3 pillows to prop you up because of shortness of 

breath? 

☐   Every night 

☐   3 or more times a week, but not every day 

☐   1–2 times a week 

☐   Less than once a week 

☐   Never over the past 2 weeks 

 

10- Heart failure symptoms can worsen for a number of reasons. How sure are you 

that you know what to do, or whom to call, if your heart failure gets worse? 
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KCCQ QUESTIONNAIRE 
 

☐   Not at all sure 

☐   Not very sure 

☐   Somewhat sure 

☐   Mostly sure 

☐   Completely sure 

11- How well do you understand what things you are able to do to keep your heart 

failure symptoms from getting worse (for example, weighing yourself, eating a low salt 

diet, etc.)? 

☐   Do not understand at all 

☐   Do not understand very well 

☐   Somewhat understand 

☐   Mostly understand 

☐   Completely understand 

12- Over the past 2 weeks, how much has your heart failure limited your enjoyment of 

life? 

☐   It has extremely limited my enjoyment of life 

☐   It has limited my enjoyment of life quite a bit 

☐   It has moderately limited my enjoyment of life 

☐   It has slightly limited my enjoyment of life 

☐   It has not limited my enjoyment of life at all 

13- If you had to spend the rest of your life with your heart failure the way it is right 

now, how would you feel about this? 

☐   Completely dissatisfied 

☐   Mostly dissatisfied 

☐   Somewhat satisfied 

☐   Mostly satisfied 

☐   Completely satisfied 

14- Over the past 2 weeks, how often have you felt discouraged or down in the dumps 

because of your heart failure? 

☐   I have felt that way all of the time 

☐   I have felt that way most of the time 

☐   I have occasionally felt that way 
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KCCQ QUESTIONNAIRE 
 

☐   I have rarely felt that way 

☐   I have never felt that way 

 

15- How much does your heart failure affect your lifestyle? Please indicate how your 

heart failure may have limited your participation in the following activities over the 

past 2 weeks. 

Please, chose just one option 

A. Hobbies, recreational activities 

☐   Extremely limited 

☐   Quite a bit limited 

☐   Moderately limited 

☐   Slightly limited 

☐   Not at all limited 

☐   Limited for other reasons or did not to the activity 

B. Working or doing household chores 

☐   Extremely limited 

☐   Quite a bit limited 

☐   Moderately limited 

☐   Slightly limited 

☐   Not at all limited 

☐   Limited for other reasons or did not to the activity 

C. Visiting family or friends 

☐   Extremely limited 

☐   Quite a bit limited 

☐   Moderately limited 

☐   Slightly limited 

☐   Not at all limited 

☐   Limited for other reasons or did not to the activity 

D. Intimate or sexual relationships 

☐   Extremely limited 

☐   Quite a bit limited 
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KCCQ QUESTIONNAIRE 
 

☐   Moderately limited 

☐   Slightly limited 

☐   Not at all limited 

☐   Limited for other reasons or did not to the activity 

 

KCCQ SCORING INSTRUCTIONS 

The analysis of the KCCQ has been done following the scoring instructions provided with 

the instrument. 

There are 10 summary scores within the KCCQ, which are calculated as follows: 

Note: references to “means of questions actually answered” imply the following. 

If there are n questions in a scale, and the subject must answer m to score the scale, 

but the subject 

answers only n-i, where n-i >= m, calculate the mean of those questions as 

(sum of the responses to those n-i questions) / (n-i) 

not 

(sum of the responses to those n-i questions) / n 

 

1. Physical Limitation 

Code responses to each of Questions 1a-f as follows: 

 Extremely limited = 1 

 Quite a bit limited = 2 

 Moderately limited = 3 

 Slightly limited = 4 

 Not at all limited = 5 

 Limited for other reasons or did not do = <missing value> 

If at least three of Questions 1a-f are not missing, then compute: 

Physical Limitation Score = 100*[(mean of Questions 1a-f actually answered) 

– 1]/4 
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2. Symptom Stability 

Code the response to Question 2 as follows: 

 Much worse = 1 

 Slightly worse = 2 

 Not changed = 3 

 Slightly better = 4 

 Much better = 5 

 I’ve had no symptoms over the last 2 weeks = 3 

If Question 2 is not missing, then compute:  

Symptom Stability Score = 100*[(Question 2) – 1]/4 

 

3. Symptom Frequency 

Code responses to Questions 3, 5, 7 and 9 as follows: 

Question 3 

 Every morning = 1 

 3 or more times a week but not every day = 2 

 1-2 times a week = 3 

 Less than once a week = 4 

 Never over the past 2 weeks = 5 

Questions 5 and 7 

 All of the time = 1 

 Several times a day = 2 

 At least once a day = 3 

 3 or more times a week but not every day = 4 

 1-2 times a week = 5 

 Less than once a week = 6 

 Never over the past 2 weeks = 7 

Question 9 

 Every night = 1 
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 3 or more times a week but not every day = 2 

 1-2 times a week = 3 

 Less than once a week = 4 

 Never over the past 2 weeks = 5 

If at least two of Questions 3, 5, 7 and 9 are not missing, then compute: 

S3 = [(Question 3) – 1]/4 

S5 = [(Question 5) – 1]/6 

S7 = [(Question 7) – 1]/6 

S9 = [(Question 9) – 1]/4 

Symptom Frequency Score = 100*(mean of S3, S5, S7 and S9) 

 

4. Symptom Burden 

Code responses to each of Questions 4, 6 and 8 as follows: 

 Extremely bothersome = 1 

 Quite a bit bothersome = 2 

 Moderately bothersome = 3 

 Slightly bothersome = 4 

 Not at all bothersome = 5 

 I’ve had no swelling/fatigue/shortness of breath = 5 

 

If at least one of Questions 4, 6 and 8 is not missing, then compute 

Symptom Burden Score = 100*[(mean of Questions 4, 6 and 8 actually 

answered) – 1]/4 

 

5. Total Symptom Score 

Calculated as the mean of the following available summary scores: 

 Symptom Frequency Score 

 Symptom Burden Score 
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6. Self-Efficacy 

Code responses to Questions 10 and 11 as follows: 

Question 10 

 Not at all sure = 1 

 Not very sure = 2 

 Somewhat sure = 3 

 Mostly sure = 4 

 Completely sure = 5 

Question 11 

 Do not understand at all = 1 

 Do not understand very well = 2 

 Somewhat understand = 3 

 Mostly understand = 4 

 Completely understand = 5 

If at least one of Questions 10 and 11 is not missing, then compute 

Self-Efficacy Score = 100*[(mean of Questions 10 and 11 actually answered) 

– 1]/4 

 

7. Quality of Life 

Code responses to Questions 12, 13 and 14 as follows: 

Question 12 

 It has extremely limited my enjoyment of life = 1 

 It has limited my enjoyment of life quite a bit = 2 

 It has moderately limited my enjoyment of life = 3 

 It has slightly limited my enjoyment of life = 4 

 It has not limited my enjoyment of life at all = 5 

Question 13 

 Not at all satisfied = 1 

 Mostly dissatisfied = 2 

 Somewhat satisfied = 3 
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 Mostly satisfied = 4 

 Completely satisfied = 5 

Question 14 

 I felt that way all of the time = 1 

 I felt that way most of the time = 2 

 I occasionally felt that way = 3 

 I rarely felt that way = 4 

 I never felt that way = 5 

If at least one of Questions 12, 13 and 14 is not missing, then compute 

Quality of Life Score = 100*[(mean of Questions 12, 13 and 14 actually 

answered) – 1]/4 

 

8. Social Limitation 

Code responses to each of Questions 15a-d as follows: 

 Severely limited = 1 

 Limited quite a bit = 2 

 Moderately limited = 3 

 Slightly limited = 4 

 Did not limit at all = 5 

 Does not apply or did not do for other reasons = <missing value> 

If at least two of Questions 15a-d are not missing, then compute 

Social Limitation Score = 100*[(mean of Questions 15a-d actually answered) 

– 1]/4 

 

 

Overall Summary Score 

Calculated as the mean of the following available summary scores: 

 Physical Limitation Score 

 Total Symptom Score 
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 Quality of Life Score 

 Social Limitation Score 

 

10. Clinical Summary Score 

Calculated as the mean of the following available summary scores: 

 Physical Limitation Score 

 Total Symptom Score 
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HADS QUESTIONNAIRE 

The Hospital Anxiety and Depression Scale (HADS): (A)= anxiety related questions; (D)= 

depression related questions. 

 

 Question Responses Points 

1 (A)  I feel tense or ‘wound up’: 

Most of the time 

A lot of the time 

From time to time, occasionally 

Not at all 

3 

2 

1 

0 

2 
(D)  I still enjoy the things I used to 

enjoy: 

Definitely as much 

Not quiet so much 

Only a little 

Hardly at all 

0 

1 

2 

3 

3 

(A)  I get a sort of frightened feeling 

as if something awful is about to 

happen: 

Very definitely and quiet badly 

Yes, but not too badly 

A little, but it doesn’t worry me 

Not at all 

3 

2 

1 

0 

4 
(D)  I can laugh and see the funny 

side of things: 

As much as I always could 

Not quite so much now 

Definitely not so much now 

Not at all 

0 

1 

2 

3 

5 
(A)  Worrying thoughts go through 

my mind: 

A qreat deal of the time 

A lot of the time 

From time to time but not too 

often 

Only occasionally 

3 

2 

1 

0 

6 (D)  I feel cheerful: 

Not at all 

Not often 

Sometimes 

3 

2 

1 



 

 

284  

 

 Question Responses Points 

Mors of the time 0 

7 
(A)    I can sit at ease and feel 

relaxed: 

Definitely 

Usually 

Not often 

Not at all 

0 

1 

2 

3 

8 (D)  I feel as if I am slowed down: 

Nearly all the time 

Very often 

Sometimes 

Not at all 

3 

2 

1 

0 

9 
(A) I get a sort of frightened feeling 

like ‘butterflies’ in the stomach: 

Not at all 

Occasionally 

Quite often 

Very often 

0 

1 

2 

3 

10 
(D)   I have lost interest in my 

appearance: 

Definitely 

I don’t take so much care as I 

should 

I may not take quiet as much 

care 

I take just as much care as ever 

3 

2 

1 

0 

11 
(A)    I feel restless as if I have to be 

on the move: 

Very much indeed 

Quite a lot 

Not very much 

Not at all 

0 

1 

2 

3 

12 
(D)   I look forward with enjoyment 

to things: 

As much as ever I did 

Rather less than I used to 

Definitely less than I used to 

Hardly at all 

0 

1 

2 

3 

13 (A)    I get sudden feelings of panic 

Very often indeed 

Quite often 

Not very often 

Not at all 

3 

2 

1 

0 
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 Question Responses Points 

14 
(D)   I can enjoy a good book or 

radio or TV program 

Often 

Sometimes 

Not often 

Very seldom 

0 

1 

2 

3 

 TOTAL SCORE   

 

HADS SCORING INSTRUCTIONS 

Scores are calculated for each question as follows: 

 Anxiety score (0-21) is calculated adding the individual scores of odd questions 

(1, 3, 5, 7, 9, 11 and 13) 

 Anxiety score (0-21) is calculated adding the individual scores of even questions 

(2, 4, 6, 8, 10, 12 and 14) 

 Total HADS score (emotional distress) (0-42) is calculated adding the individual 

scores of the 14 questions 

Missing values: for each subscale (anxiety or depression), if there is one missing value 

it is calculated as the mean of the remaining ones; if there are 2 or more missing values, 

subscale score is considered invalid. 
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DHFKS QUESTIONNAIRE 
 

8-item reduced version of the DHFKS questionnaire. 

 

This list contains questions and statements regarding heart failure. Please choose the 

correct answer (choose just one answer) 

1- How often should patients with severe heart failure weigh themselves? 

☐   Every week 

☐   Now and then 

☐   Every day 

2. Why is it important that patients with heart failure should weigh themselves 

regularly? 

☐   Because many patients with heart failure have a poor appetite 

☐   To check whether the body is retaining fluid 

☐   To assess the right dose of medicines 

3- How much fluid are you allowed to take at home each day? 

☐   1.5 to 2.5 litres at the most 

☐   As little fluid as possible 

☐   As much fluid as possible 

4. Which of these statements is true? 

☐   When I cough a lot, it is better not to take my heart failure medication 

☐   When I am feeling better, I can stop taking my medication for heart failure 

☐   It is important that I take my heart failure medication regularly 

5- What is the best thing to do in case of increased shortness of breath or swollen legs? 

☐   Call the doctor or the nurse 

☐   Wait until the next check-up 
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DHFKS QUESTIONNAIRE 
 

☐   Take less medication 

6- What can cause a rapid worsening of heart failure symptoms? 

☐   A high-fat diet 

☐   A cold or the flu 

☐   Lack of exercise 

7- What does heart failure mean? 

☐   That the heart is unable to pump enough blood around the body 

☐   That someone is not getting enough exercise and is in poor condition 

☐   That there is a blood clot in the blood vessels of the heart 

 

 

8- Why can the legs swell up when you have heart failure? 

☐   Because the valves in the blood vessels in the legs do not function properly  

☐   Because the muscles in the legs are not getting enough oxygen 

☐   Because of accumulation of fluid in the legs 

 

DHFKS SCORING INSTRUCTIONS 

For each question, correct answers score “1” and wrong answers score “0”. The total 

value of the global score is 0-8, the higher values indicating better knowledge. 

Missing values have been considered as wrong answers (i.e. scoring “0”) if they were 

only 1 or 2 missing answers in the total scale. For cases where more than 2 answers 

were missing, the registry has been considered as invalid. 
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EHFScBS QUESTIONNAIRE 
 

The European Heart Failure Self- Care Behaviour Scale_9 

This scale contains statements about heart failure self-care. Respond to each 

statement by circling the number you think best applies to you. Note that the 

different answer alternatives constitute a scale ranging between the extremes of “I 

completely agree” (1) to “I don’t agree at all” (5). Even if you feel uncertain about a 

particular statement, circle the number you feel is most true for you. 
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EHFScBS SCORING INSTRUCTIONS 

Each individual question of the scale can obtain a score between 1 and 5. The standard 

EHFScBS-9 provides a global score (from 9 to 45) that is obtained adding the scored 

obtained in each individual question, where lower values mean better self-care (Vellone 

et al, 2014). 

In the clinical study, a reversed standardised score of the EHFScBS-9 was used for the 

assessment of this scale, with a higher score on a scale of 0 - 100 meaning better self-

care. This modification of the scale allows a better understanding of the results as well 

as comparison with other instruments. 

The formula used for obtaining this reversed score is as follows: 

Step 1: reverse score in each item  

Item 1 2 3 4 5 

Reverse item 5 4 3 2 1 

 

Step 2: calculate the new EHFScBS_9 score as  

 EHFScBS_9 = (R_item_1+ R_item_2 + R_item_3 + R_item_4 + R_item_5 + R_item_6 +  

  R_item_7 + R_item_8 + R_item_9) -9)*2.7777 

 

Missing values: The data that were missing from the EHFScBS-9 item were substituted 

according to the rule of the scale´s developer. In detail, if fewer than 3 items of the total 

scale were missing, then every missing item was substituted with a 3. If more than 3 

items of the total scale were missing, the registry was considered invalid. 
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USER EXPERIENCE QUESTIONNAIRE 

 

First questionnaire: @ hospital, end of phase A 

Goal of the questionnaire: first impression about the system, initial acceptance of 

different functionalities (medication support, symptoms questionnaire, etc.) 

1. Have you ever used a tele-monitoring system before? (please mark only one) 

☐   No 

☐   Yes, for less than 1 month 

☐   Yes, for 1- to 3 months 

☐   Yes, for 3 to 6 months 

☐   Yes, for more than 6 months 

2. Did you have any difficulty at first when using the HFM system? (you can mark 

more than one if appropriate) 

☐   No, I was able to use it without any problem 

☐   Yes, I was not able to understand what I should do 

☐   Yes, I had problems with the TV menus and options 

☐   Yes, I had problems in taking my measurements 

☐   Yes (any other reason) 

3. Is someone supporting you in the use of the HFM system? 

☐   No, I was able to use it myself 

☐   Yes, but only at the very beginning 

☐   Yes, irregularly, when I have specific questions 

☐   Yes, regularly but not very day 

☐   Yes, I always need support 
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4. If someone was supporting you in the use of the HFM system. Who is supporting 

you? 

☐   My spouse 

☐   My children 

☐   My parents 

☐   Other relatives 

☐   Friends 

☐   Neighbours 

☐    Care professional / nurse 

☐   Community service 

5. The HFM system provides support for adjusting medicines for heart failure (e.g. 

Beta blockers, ACE inhibitors, etc.) (you can mark more than one if appropriate) 

☐   I like this idea, it should be useful for my health 

☐   I don’t like this because I doubt it will be useful for my health 

☐   I don’t like this because it is too complex for me 

6. At the beginning of the study, the HFM system asked you to answer questions on 

your knowledge of heart failure and your lifestyle activities. For you, these questions 

were: (please score both questions on scale of one to five) 

Unclear    1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Clear 

Difficult to answer 1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Easy to answer 

 

7. The number of questions about your knowledge and your lifestyle activities was: 

Too many   1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Fine 

 

8. The time you needed to answer these questions about your knowledge and your 

lifestyle activities was: 

Too long   1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Fine 
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9. For each of the lifestyle activities that you were not doing, the HFM system asked 

you how important these are for you, and how confident you are to do these. For 

you, these questions were: 

Unclear    1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Clear 

Difficult to answer 1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Easy to answer 

 

10. During the last few weeks, the HFM system has provided you with messages 

about heart failure medicines (e.g. Beta blockers, ACE inhibitors, etc.) (please mark 

only one) 

☐   I understood the messages and I followed the instruction on the screen 

☐   Someone helped me to understand the messages 

☐   I did not understand the messages 

☐   I did not receive any messages 

11. During the last weeks, the HFM system asked you to complete symptoms 

questionnaires (you can mark more than one if appropriate) 

☐   I did not fill in these questionnaires 

☐   I filled them in and I found them very clear 

☐   I filled them in but some questions were not clear for me 

☐   I filled them in but it got very boring after a while 

12- The HFM system has videos on topics such as physical activity and diet. For you, 

these videos were: 

Unclear    1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Clear 

Not helpful  1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Helpful 

Boring   1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Interesting 

Too long   1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Fine 

 

13. The HFM system has tips on topics such as physical activity and diet. For you, 

these tips were: 



 

 

294  

 

Unclear    1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐  Clear 

Not helpful  1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Helpful 

Boring   1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Interesting 

Too long   1  ☐ 1  ☐ 1  ☐ 1  ☐ 1  ☐ Fine 

 

14. Do you feel more confident in looking after your health now that you are using 

the HFM system? (please mark only one) 

☐   Yes, because I am using the HFM system 

☐   Yes, but not because I am using the HFM system 

☐   No 

15. Does the HFM system easily fit into your daily life? (you can mark more than one 

if appropriate) 

☐   Yes, absolutely. 

☐   Yes, but sometimes it is difficult for me to complete all the proposed 

activities 

☐   No, it makes me do too many things 

☐   No, it interferes with my daily routine 

☐   No, it is a burden for me 

☐   I don’t know 
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Second questionnaire: @ hospital, end of phase B 

Goal of the questionnaire: acceptance of medication support (for diuretics), feelings of 

health control. 

1. The HFM system provides support for adjustment of diuretics (water tablets) (please mark 

only one) 

☐   I like this idea, it should be useful for my health 

☐   I don’t like this because I doubt it will be not useful for my health 

☐   I don’t like this because it is too complex for me 

2. During the last weeks the HFM system provided you with messages about medication 

intake and dose for diuretics. (please mark only one) 

☐   I understood the messages and I followed the instruction on the screen 

☐   Someone helped me to understand the messages 

☐   I did not understand the messages 

☐    I did not receive any messages 

3. During the last few weeks, the HFM system asked you to complete symptoms 

questionnaires (you can mark more than one if appropriate) 

☐   I did not fill in these questionnaires 

☐   I filled them in and I found them very clear 

☐   I filled them in but some questions were not clear for me 

☐   I filled them in but it got very boring after a while 

4. Do you feel more confident in looking after your health now that you are using the HFM 

system? (please mark only one) 

☐   Yes, because I am using the HFM system 

☐   Yes, but not because I am using the HFM system 

☐   No 

5. Do you think that the HFM system easily fits into your daily life? (you can mark more than 

one if appropriate) 

☐   Yes, absolutely. 

☐   Yes, but sometimes it is difficult for me to complete all the proposed activities 

☐   No, it interferes with my daily routine 

☐   No, it is a burden for me 

☐   I don’t know 
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Third questionnaire: @ hospital, end of the study 

Goal of the questionnaire: final impression about the system, acceptance of different 

functionalities (medication support, symptoms questionnaire, extra activities proposed 

by the coaching strategy, etc.) 

1- The HFM system has helped me to: 

a. Understand more about my condition 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

b. Understand the treatment given 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

c. Understand more about my medication 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

d. Take my medication as prescribed 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

e. Understand the benefits of exercise 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

f. Exercise on a regular basis 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

g. Pace my activities 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

h. Do relaxation exercises 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

j. Understand the importance of a low-salt diet 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

k. Eat a low-salt diet 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

l. Understand the importance of fluid restriction 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

m. Reduce my fluid intake 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 
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n. Understand the importance of symptom monitoring 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

o. Monitor my symptoms 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

p. Understand how I can improve sleep 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

q. Improve sleep 

Strongly disagree 1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Strongly agree 

 

2- Which topics do you think were most helpful? 

 

 

 

3- Which topics do you think were least helpful? 

 

 

 

4- What is your general impression of the heart failure management (HFM) concept: what do 

you like or don´t you like about it? Why? 

 

 

 

5- Do you consider the HFM system to be …? 

Not interesting at all  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Very interesting 

Scary    1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Not scary 

Very unpleasant  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Very pleasant 

Dull    1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Stimulating 
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Difficult to use   1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Easy to use 

 

Specific functions of the HFM system  

6- Do you consider the symptom questionnaire of the HFM system? 

Not interesting at all  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Very interesting 

Not useful for  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Useful for my 

my health condition      health condition 

Difficult to use   1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Easy to use 

 

7- The HFM system supports you with messages about medication intake and dosage for 

heart failure medication. For you, these messages were: 

Not interesting at all  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Very interesting 

Not useful for  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Useful for my 

my health condition      health condition 

Dull    1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Stimulating 

Difficult to use   1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Easy to use 

 

8- The HFM system supports you with messages about medication intake and dosage for 

diuretics (water pills) For you, these messages were: 

Not interesting at all  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Very interesting 

Not useful for  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Useful for my 

my health condition      health condition 

Dull    1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Stimulating 

Difficult to use   1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Easy to use 

 

9- The HFM system has videos on topics such as physical activity and diet. For you, these 

videos were: 

Unclear    1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Clear 

Not helpful  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Helpful 

Boring    1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Interesting 

Too long    1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Fine 
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10- The HFM system has tips on topics such as physical activity and diet. For you, these tips 

were: 

Unclear   1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Clear 

Not helpful  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Helpful 

Boring    1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Interesting 

Too long   1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Fine 

 

11- The HFM system asked you to set goals for lifestyle activities. For you, this was: 

Unclear    1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Clear 

Difficult     1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Easy  

Not useful for  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Useful for my 

my health condition      health condition 

Not interesting at all  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ Very interesting 

 

12- Do you consider that there were some missing features or aspects that would improve 

the system? 

Many missing  1  ☐ 2  ☐ 3  ☐ 4  ☐ 5  ☐ No missing 

functionalities       functionalities 

13- In your opinion, which additional functionalities or features should be added to the 

system? 

 

 

 

14- Do you think that the HFM system easily fits into your daily life? (you can mark more than 

one if appropriate) 

☐   Yes, absolutely. 

☐   Yes, but sometimes it is difficult for me to complete all the proposed activities 

☐   No, it makes me do too many things 

☐   No, it interferes with my daily routine 
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☐   No, it is a burden for me 

☐   I don’t know 

 

15- Please explain your reasons for your previous answer (why would you consider the system 

easy to fit in your daily life or not?) 

 

 

 

16. Have you found the videos and surveys sent to you by the HFM system have improved 

your knowledge and understanding of your health? (please mark only one) 

☐   Yes 

☐   No 

17. Do you feel more confident in looking after your health now that you are using the HFM 

system? (please mark only one) 

☐   Yes, because I am using HeartCycle 

☐   Yes, but not because I am using HeartCycle 

☐   No 

 

18. Do you feel your health has improved since you have been using the HFM system? (please 

mark only one) 

☐   Yes, because of HeartCycle 

☐   Yes, but not because of HeartCycle 

☐   No 

 

19. Do you feel more able to cope with your condition now that you are using the HFM 

system? (please mark only one) 

☐   Yes, because of the HFM system 

☐   Yes, but not because of the HFM system  

☐   No 

20- How likely is it that you would recommend the HFM system to a friend or relative? 

 Not likely   1  ☐  2  ☐    3  ☐   4  ☐  5  ☐   6  ☐   7  ☐  8  ☐   9  ☐   10  ☐  Most likely 
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USER EXPERIENCE SCORING INSTRUCTIONS 

The user experience analysis has been done following an exploratory approach, 

considering each question individually and taking into account only no missing data. The 

statistics of the quantitative variables are presented using bar charts and percentages. 

For some questions that were asked repeatedly in different phases, the variation on 

time is shown. Additionally, a discussion of the non-quantitative data is also presented 

for taking into account the most relevant notes of the patients





 

 

 


